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ABSTRACT 

In the research reported here, the pathology, virulence, and strain differences of 

Taura syndrome virus (TSV) were studied. Initial studies on TSV pathogenesis 

compared the survival of juveniles of a highly Taura syndrome (TS) susceptible line of 

Penaeus vannamei, a line of TS resistant P. vannamei, and an innately TS resistant P. 

stylirostris line following TSV challenge by feeding (per os) or injection methods, in the 

absence of horizontal transmission via cannibalism and/or absorption from the water. 

Per OS TSV challenge resulted in 100% survival in P. stylirostris, but challenge by per os 

exposure produced significant mortality commencing on about the same post-exposure 

day in both specific pathogen fi-ee (SPF) and specific pathogen resistant (SPR) P. 

vannamei (P < 0.001), suggesting that P. stylirostris is significantly {P < 0.001) more 

resistant to per os TSV infection and presentation of TS disease than either SPF or SPR 

P. vannamei. The potential roles of the cuticular lining of the stomach and hindgut and 

unlined portions of the gut in TSV resistance in penaeid shrimp are discussed as factors 

where an innate resistance mechanism was postulated to explain the observed differences 

between the different species and populations of shrimp in TSV susceptibility. 

To investigate apparent TSV strain differences, three geographic and year isolates 

of TSV from naturally occurring TS epizootics of cultured penaeid shrimp were obtained 

from Mexico (SIN98TSV and MX99TSV from P. vannamei and SON2KTSV from P. 

stylirostris) and one TSV isolate was obtained from Belize, Central America (BLZ02TSV 
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from P. vannamei). All four TSV isolates were analyzed and compared to the reference 

TSV isolate (HI94TSV) by selected TSV diagnostic and genetic analysis methods. The 

results show that screening of penaeid shrimp broodstock and postlarvae by MAb IA1 

testing will not detect all TSV isolates, possibly leading to false negative results, further 

spread of TSV and re-emergence of TS in regions where it has been eradicated. The 

putative VPl epitope recognized by TSV MAb I Al is identified, with SIN98TSV and 

BLZ02TSV having 70.0% and 80.0% AA homology, respectively, within the 10 AA 

region encompassing the epitope. There are three distinct electropherotypes and 

'serotypes' of TSV, with electropherotype A (TSV Etype-A) and serotype A (TSV-A) 

representing those TSV isolates conforming to VPl properties of the Hawaiian 1994 TSV 

isolate, electropherotype B (TSV Etype-B) and serotype B (TSV-B) representing those 

TSV isolates conforming to the VPl properties of the Sinaloan 1998 TSV isolate, and 

electropherotype C (TSV Etype-C) and TSV serotype C (TSV-C), representing those 

TSV isolates conforming to the VPl properties of the Belize 2002 TSV isolate. 

In a parallel activity, the University of Arizona (UAZ) Aquaculture Pathology 

Diagnostic Laboratory (APL) Case Database (DB) and the UAZ Aquaculture Pathology 

Diagnostic Laboratory Client Address Book Database (AB) [relational databases] were 

created using FileMaker Pro software. These databases are used to keep an up to date 

and accurate record of all UAZAPL diagnostic and research case and client information 

and may be searched and sorted to find case data and/or client information of interest. 
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CHAPTER I. INTRODUCTION 

l.l. PROBLEM roENTIFICATION 

Taxonomy; The taxonomic nomenclature used for penaeid shrimp in this 

dissertation is according to Holthius (1980). 

Taura Syndrome (TS) is an economically significant disease of the Pacific white 

shrimp, Penaeus vannamei, in the Americas, causing as much as 60-90% mortality in 

semi-intensively or intensively cultured nursery stage (0.05 - 5.0 g) animals (Brock et al. 

1995 and Lightner 1995). It is estimated that the economic impact of TS in the Americas 

may exceed 2 billion US dollars, since its recognition in 1992 and subsequent spread 

(Lightner 1999). TS usually occurs within approximately 14-40 days of stocking TSV-

infected postlarvae P. vannamei into grow out ponds or tanks. Therefore, those shrimp 

generally infected with TSV are small juveniles (0.05 - <5.0g). Larger shrimp may also 

be affected, especially if they were first exposed to TSV as larger juveniles or adults 

(Lightner 1996a). 

The TSV disease cycle consists of three clinically and histologically distinct, but 

overlapping phases; a ~7d peracute to acute phase, a ~5d transition phase, and a 

definitive chronic phase (Hasson et aL 1999a). Lightner (1996a) defined the TS disease 

cycle as follows; Following initial infection by TSV, a primary viremia occurs that 
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showers TSV throughout the shrimp's hemocoel. During the premolt stages, active 

cuticular epithelial cells provide ideal target cells for the virus, and once infected, TSV 

begins replicating at the expense of normal cell functions (i.e. cuticle secretion and 

calcium transfer to and from the old and new cuticle). With the resultant disruption, 

peracute TS occurs during the critical stages of ecdysis (molt), and many shrimp with TS 

die during ecdysis. Shrimp that survive molting enter the transition phase of the disease 

and may display melanized cuticular lesions at sites of resolving TS cuticular lesions. 

Affected shrimp may succumb to TS prior to or during molting, or they may molt 

normally and enter the chronic phase. The chronic phase of TSV in P. vannamei is 

defined by the absence of acute phase histological lesions, rapid successive lymphoid 

organ spheroid (LOS) configuration, and a low prevalence of ectopic spheroid 

development (Hasson et al. 1999b). 

At present it is known that TSV can produce natural infections in P. vannamei, P. 

stylirostris, and P. setiferus. Experimental infections of TSV have also been documented 

in postlarvae (PL) and juvenile P. setiferus, PL P. aztecus, juvenile P. schmitti and 

juvenile P. chinensis (Lightner 1996a, Lightner et al. 1995, Overstreet et al. 1997). 

Although TSV can infect juvenile P. stylirostris, it has been found that P. stylirostris is 

considerably more resistant than similar sized P. vannamei to the TSV agent (Brock et al. 

1995). 
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Strategies to reduce TSV impact have been implemented to prevent further 

economic losses in the shrimp culture industry in the Americas. Specific pathogen-free 

(SPF) lines of P. vannamei have been selected and bred for TSV resistance and the 

industry has also selected and bred survivors of TSV epizootics (i.e. "resistant" P. 

vannamei), while some culture facilities have tried switching to innately resistant P. 

stylirostris to combat the impact of TS. The future of some components of the shrimp 

aquaculture industry in the Americas maybe dependent upon utilizing either a "resistant" 

P. vannamei or another species, such as P. stylirostris, for culture to produce a profitable 

cash crop. 

In the laboratory, experimentally induced TSV infections in P. vannamei and P. 

stylirostris are readily obtained via injection of a homogenate of TSV infected shrimp 

tissue into dorso-lateral abdominal muscles. However, while in the commercial shrimp 

aquaculture setting, TSV infections are presumed to be acquired by either vertical 

transmission or per os routes. Due to the difference in TSV transmission in these settings, 

innate resistance mechanisms may be being bypassed in experimentally induced TSV 

infections. 

Until June 1999, the utilization of P. stylirostris in culture prevented TS outbreaks 

at those facilities, but recently, an emergence of TS has occurred in P. stylirostris causing 

up to 90% mortality. Therefore, it is imperative that we learn more about TSV and its 
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ability to re-emerge in previously resistant penaeid shrimp species, P. stylirostris, and 

cause catastrophic TS epizootics. 

A new strain of TSV has the potential to threaten farmed populations of shrimp 

throughout the Americas and in those areas of East and SE Asia where P. vannamei has 

been introduced and is now an important cultured species. It is known that seagulls 

(laughing gulls. Lams atrid lid) serve as potential vectors of infectious TSV within and 

among shrimp aquaculture farms. Gull feces, collected in Texas during the 1995 TSV 

epizootic from the levees of TSV infected ponds, were found to contain infectious TSV 

by bioassay with juvenile P. vannamei (Garza et al. 1997, Lightner 1996b). 

Consequently, seagulls and other shrimp-eating seabirds may transmit TSV within their 

flight range in affected farms or to other farms (Lightner 1999). The trade of fi-ozen 

commodity shrimp, which may contain exotic viruses, is another potentially important 

mechanism for the spread of these pathogens (Lightner et al. 1998, Nunan et al. 1998b. 

Durand et al. 2000). It has been found by these authors that penaeid shrimp viral 

pathogens in frozen commodity shrimp are still viable and capable of causing mortalities 

in experimental bioassays utilizing indicator shrimp species {P. vannamei). Therefore, 

there continues to exist a significant threat of catastrophic TSV epizootics re-emerging in 

the U.S. shrimp aquaculture industry. 

The overall goal of the research work included in this dissertation was to manage 

and prevent further TS epizootics in shrimp aquaculture, and contribute to the basic 
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understanding of penaeid shrimp viral persistence and transmission mechanisms. The 

immediate goal of the research was to determine how TS V impacts the health and 

productivity of cultured penaeid shrimp, as well as why TSV is now able to infect a 

previously TS resistant shrimp species. 

The preliminary and present research work included in this dissertation was 

designed to test the hypothesis that; I) TSV is vertically transmitted to offspring via 

shedding of TSV into hemolymph, consequently contaminating the spawn; 2) TSV 

infection and resistance to TS presentation by P. stylirostris in aquaculture settings are 

due to an unknown resistance mechanism in gut, and 3) the TSV that has remained 

persistent in penaeid shrimp aquaculture stocks has developed into a new strain that, 

when coupled with stressful culture conditions, is responsible for the ability of TSV to re-

emerge and cause TS epizootics in a newly susceptible host, P. stylirostris, in the 

Americas. Studies were performed utilizing P. vannamei and P. stylirostris to test the 

aforementioned hypotheses. The following section of the dissertation will elucidate the 

reasons for conducting the research described herein and its direct application to manage 

and prevent further TS epizootics in American shrimp culture, and contribute to the basic 

understanding of penaeid shrimp viral persistence and transmission mechanisms. It will 

also address the new technology designed and implemented. 

The specific aims of the research work in this dissertation include the following; 
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Aim 1. Elucidate the mechanism of vertical transmission of TSV to penaeid shrimp 

offspring by employing a novel approach utilizing RNA extraction coupled with 

reverse transcription polymerase chain reaction (RT-PCR), if a chronic phase TSV 

infected broodstock population can be located and acquired for the experiment. 

Aim 2. Elucidate possible resistance mechanism(s) of P. styUrostris against TSV 

infection and presentation of TS by completing the following; TSV challenge 

via per os and injections routes, comparing the survival of juveniles of a TSV 

susceptible SPF P. vannamei line, a TSV resistant SPR P. vannamei line, and an 

innately TSV resistant P. styUrostris line. 

Aim 3. Determine if the re-emergent TS epizootic in a newly susceptible host, P. 

styUrostris, is due to a new TSV strain, by completing the following; 

a. Identification of a possible new TSV geographic strain, comparing 

the new isolates' ability to cause mortality due to TS in bioassay 

challenges. 

b. Identification of a possible new TSV geographic strain, comparing 

the new isolates to the original 1993 Ecuadorian TSV / 1994 Hawaii 

TSV isolate, to determine differences, if any, by; 

1. Designing new RT-PCR primers for the 24, 40, and 55 kD 

major polypeptides of TSV for analysis of RT-PCR products 

utilizing agarose gel electrophoresis. 

2. Southern blot of RT-PCR products and in situ hybridization 

with TSV gene probes PIS and Ql. 
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3. SDS-PAGE of purified TSV isolates for Western blot analysis 

and protein sequencing of amino termini of viral proteins. 

4. Immuno-dot blot of purified TSV isolates and Western blot 

hybridization with TSV PAb and MAb 1 Al. 

5. Nucleotide sequence and derived amino acid sequence analysis 

of viral struaural proteins VPl, VP2 and VP3. 

6. Protein sequencing of the amino termini of the viral structural 

proteins VPl, VP2, and VP3 from SDS-PAGE of purified TSV 

isolates transferred to a protein sequencing membrane. 

7. Transmission electron microscopy of purified virus isolates to 

compare morphological characteristics. 

While researching the previous UAZ diagnostic case data for information on TSV 

geographic and year occurrences, a need to develop a searchable diagnostic case database 

was identified. Therefore, concurrent to the research presented above, a fourth aim was 

identified and its completion facilitated the retrieval of previous TSV diagnostic and 

research data, which directly contributed to Aim 2. 

Aim 4. Develop a working interactive searchable database for the University 

of Arizona Aquaculture Pathology Diagnostic Laboratory 
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(UAZAPDL) and UAZAP research laboratory, by completing the 

following; 

a. Using FileMaker Pro, design and develop the UAZAPDL Case 

Database and the UAZAPDL Client Address Book Database, by; 

1. Designing each of the layouts; 

2. Writing software scripts to allow sorting, searching, tabulation 

of data, and linking of reports and photomicrographs to the 

appropriate cases; 

3. Projecting future database needs; 

4. Linking the two databases together to work in conjunction with 

each other; 

5. Providing an instruction manual; and 

6. Providing training regarding the use of the two databases to the 

UAZAP diagnostic and research laboratory staff. 

1.2. DISSERTATION FORMAT 

The information provided within this dissertation is divided into four chapters. 

Chapter [ is divided into three sections, with the first section introducing and describing 

the main objectives and specific aims of the research. The second section included herein 

describes the format of this dissertation. Chapter I concludes with a literature review of 
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information about penaeid shrimp viral diseases and diagnostics, Taura syndrome virus 

(TSV) and Taura syndrome (TS), TSV diagnostics, the lymphoid organ and lymphoid 

organ spheroids of penaeid shrimp, viral transmission in penaeid shrimp hatcheries, 

crustacean immune response, viral accommodation theory and gut-mediated viral 

resistance in insects and their relation to TSV and TS, and a review of the International 

Committee on the Taxonomy of Viruses (ICTV) definition of virus species/strain 

requirements. 

Chapter 11 deals directly with the methodology conducted to accomplish the 

preliminary studies (including Aim 1), summarizes the results, and discusses their 

interpretations. Chapter Q is divided into two sections; 1) section 2.1. deals with a 

preliminary lipid analysis utilizing percent (%) sucrose flotation of HPs and linear 

regression analysis to determine percent lipid content of individual HPs to ascertain the 

health status of the shrimp later in the proposed research and 2) section 2.2. deals with the 

TSV vertical transmission study (Aim 1) and discusses its preliminary outcomes due to 

the subpopulation sampled shrimp not being TSV infected. 

Chapter m directly deals with the methodology conducted to accomplish the 

previously established main objectives and specific aims (Aim 2 and 3), summarizes the 

results, and discusses their interpretations. Chapter in is divided into three appendixes, 

each one dealing with a specific aim or sub-aim of the proposed research. 
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Appendix 1 reports difTerences in survival following TSV challenge (to the 

reference strain of the virus, Hawaii 1994) via feeding {per os) or injection of small 

juveniles from a TSV susceptible P. vannamei line, a TS resistant line of P. vannamei, 

and P. stylirostris, in the absence of horizontal or environmental viral transmission. The 

implications of the results are discussed and suggest that some factor or factors present in 

the gut of P. stylirostris mediates the observed TS resistance. Appendix I is presented in 

the form of a manuscript that follows the Journal of the World Aquaculture Society 

format, where it was submitted May 28, 2002 for possible publication as a research note. 

The manuscript was submitted in co-authorship with Dr. Donald V. Lightner, who 

provided guidance during the project and the necessary funding. 

Appendix 2 describes the analysis and report of TSV strain differences using well-

established diagnostic methods for TSV and discusses the implications of these results 

with respect to the antibody-based diagnosis of TSV infections. This appendix is 

presented in the form of a manuscript formatted according to the requirements of the 

journal Diseases of Aquatic Organisms, where it has been accepted for publication as a 

research article. This manuscript was prepared in co-authorship with Dr. Donald V. 

Lightner, who advised during the research and provided the necessary funding for the 

project, and Ms. Martha Zarain-Herzberg, who provided the Sinaloa 1998 TSV isolate 

(SIN98TSV), conducted the initial SIN98TSV bioassay and reported the corresponding 

mortality data to me for inclusion in this manuscript. 



23 

Appendix 3 describes the first analysis and characterization of the structural viral 

proteins of four TSV isolates (initially described in Appendix 3) and assigns the 

designation of two distinct TSV serotypes. The implications of these results are 

discussed. Appendix 3 is presented in the Diseases of Aquatic Organisms journal format, 

where it will be submitted for possible publication as a research article. The manuscript 

will be submitted in co-authorship with Dr. Donald V. Lightner, who provided guidance 

during the project and the necessary funding. 

Appendix 4 describes the analysis of the Belize 2002 TSV strain using well-

established diagnostic methods for TSV, characterizes the structural viral proteins, and 

reports the designation of a third distinct TSV serotype and electropherotype. The 

implications of these results are discussed. Appendix 4 is presented in the form of a 

manuscript formatted according to the requirements of the journal Diseases of Aquatic 

Organisms, where it will be submitted for possible publication as a research article. The 

manuscript will be submitted in co-authorship with Dr. Donald V. Lightner, who 

provided guidance during the project and the necessary funding. 

Chapter IV deals directly with the methodology conducted to accomplish the 

previously established objective regarding specific Aim 4, summarizes the results, and 

discusses their interpretations. Chapter IV is divided into three appendixes, each one 

dealing with a specific aspect of the UAZAPDL Case Database, UAZAPDL Client 

Address Book database or training of UAZAP diagnostic and research laboratory staff. 
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Appendix 5 presents the UAZAPDL Case Database layouts as they appear within 

the computerized database. Provided are examples of actual data within layouts. 

Appendix 6 presents the UAZAPDL Client Address Book database layouts as they 

appear within the computerized database. Provided are examples of filled in layouts. 

Appendix 7 presents the UAZAPDL Case Database and Client Address Book 

database instructions for use, as provided to the UAZAP diagnostic and research staff 

during the training session and for future reference. 

1.3. LITERATURE REVIEW 

1.3.1. Overview of Penaeid Shrimp Viral Diseases and Diagnostic Metiiods 

Penaeid shrimp aquaculture species have been found to be infected by 

representatives of most, if not all, of the major groups of infectious agents; including 

viruses, rickettsia. Gram negative and positive bacteria, fungi and protozoans (Lightner 

1996a). An overview of the ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) 

viral diseases of cultured penaeid shrimp are presented in Table l.l and 1.2 below. 

Many diagnostic procedures are employed by shrimp pathology laboratories in the 

task of identifying penaeid shrimp diseases and their respective etiologies. The classical 

methods available include the collection of a case history, observation of gross and 
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clinical signs, gross and microscopic examination of the specimens, microbiology 

(incorporating isolation and culture), histology and histochemistry, electron microscopy, 

and serological testing with immune sera (Lightner 1996a, OIE 2000). The Molecular 

methods available include serological tests (i.e. immuno-dot blots, 

immunohistochemistry and enzyme linked-immunosorbent assays) utilizing polyclonal 

antibodies (PAb), monoclonal antibodies (MAb) or fluorescent labeled antibodies; gene 

probe methods (i.e. dot-blots and in situ hybridization) utilizing digoxigenin (DIG)-

labeled pathogen specific gene probes; and polymerase chain reaction (PCR) methods 

including reverse-transcription (RT)-PCR and real time quantitative PCR (Lightner 

1996a, OLE 2000, Dhar et al. 2002). 

An overview of the classical and molecular diagnostic methods employed in the 

diagnosis of penaeid shrimp viral diseases is presented below in Table 1.3. 

Routine shrimp histopathology, employing the Mayer's Bennett hematoxylin and 

eosin/phloxine (H&E) standard stain, may be utilized to recognize most of the 

aforementioned infectious agents and their diseases in penaeid shrimp (Lightner 1996a). 

In the case where further differentiation is needed to determine the etiology of the 

pathology present in the tissue section, special histochemical stains may be employed to 

new tissue sections to elucidate the potential pathogen(s) of interest. Table 1.4 presents 

the routine and special stains used in shrimp histopathology in the diagnosis of penaeid 

shrimp pathogens. 



Table 1.1. Overview of penaeid shrimp RNA viruses. Adapted from Lightner 1996a. 

Virus 
Acronym 

Virus Full 
name 

Classification Organs Tissues Gross signs Hemispheres Shrimp species 

TSV Taura S)'ndrome 
virus 

+ sense ssRNA 
Picomaviridae: 
Cricket 
paralysis-like 
viruses 

Integument, 
gills, 
appendages, 
LO 

Ectodermal 
and 
mesodennal 
origin, esp. 
Cuticular 
epithelium 

Red tail dz, with 
epitlielial 
necrosis; solt 
shells; mz 
cuticular lesions 

Western - wild 
and cultured 
Eastern - not 
reported (MR) 

P. vatmame 
P. styUrostris 
P. setiferus 
experimentally -
P. aztecus 
P. durorarum 
P. monodon, 
P. japonicus 
P. chinensis 

YHV 
(YHV; 
GAV; 
LOV) 

Yellow head 
virus group 
(Gill associated 
virus; lymphoid 
organ virus) 

+ sense ssRNA 
Nidovirales 

LO, heart. 
Hematopoietic 
tissue, gills, 
muscle, gut, 
antenna! gland, 
gonads, nerve 
cord/ganglion, 
CT 

CT, spong) 
CT, 
epithelium, 
subcutis 

Yellowing of 
cephalotliora.\ 
and bleaching of 
body color 

Eastern - wild 
and cultured 
Western - MR 

P. monodon 
P. indicus 
experimenlally -
P. vannamei 
P. japonicus 
P. esculentus 

REO-III & 
IV 

Reo-like virus dsRNA 
Aquareovirus 

HP, s>'stemic 
(gills, heart, 
LO) 

CT, F-cells, or 
R-cells 

Eroded mz 
appendage tips, 
shell dz, black 
gills, HP pale, 
necrotic, 
atrophied 

P. vannamei 

LOW Lymphoid organ 
vacuolization 
virus 

SsRNA 
Toga-like virus 

LO LO spheroids, 
sheath cells 
h)pertrophied 
and 
h>perplastic 

P. vannamei, 
P. styiilirostris 

ss = single stranded; ds = double stranded; mz = melanized; dz = disease LO = lymphoid organ; CT = connective tissues 



TABLE 1.2. Overview of penaeid shrimp DNA viruses. Adapted from Lightner 1996a. 

Virus 
Acronym 

Virus Full 
name 

Classification Organs Tissues Gross signs Hemispheres Shrimp species 

FHHNV Inrectious 
h>podennal 
and 
hematopoietic 
necrosis virus 

ssDNA, 
Panovirus 

Gills, 
Integument, 
Gul, nervecord, 
hematopoietic 
tissue, aniennal 
gland, LO, 
gonads, heart 

Ectodermal 
and 
mesodermal 
origin; CT, 
cuticular 
epithelium, 
hypodermal 
epithelium 

Rise, roil over 
and then sink; 
white to buff 
colored spots on 
cuticular 
epithelium, 
expanded 
chromatophores, 
RDS 

Western & 
Eastern; wild & 
cultured 

P. stylirostris 
P. vannamei, 
P. monodon 

HPV Hepatopancreat 
ic parvovirus 

ssDNA, 
Par\'ovifus 

Hepatopancreas 
and midgut 

Epithelial cells None identified Eastern - Wild 
and cultured; 
Western- NR 

P. monodon 
P. chinensis 
P. japonicu 

SMV Spawner 
moitalit)' virus 

ssDNA, 
Parvovirus 

midgut None 
Identified 

mid-crop 
mortality 
syndrome 

Eastern-
cultured; 
Westem-NR 

P. monodon 

LPV Lympoidal 
pan'O-like virus 

ssDNA, PaT>'o-
like virus 

LO, 
hepatopancreas, 
hematopoietic 
tissue, gills 

CT None identified Eastern Australian penaeids; 
P. monodon 
P. escutenlus 
P. merguinsis 
P. japonicus 

WSSV White spot 
syndrome 
viruses 

dsDNA, 
Baculovirus 

Systemic, 
including 
hematopoietic 
tissue, LO, 
antennal gland, 
heait, midgut 

Culicular 
epithelium, 
CT, subcutis, 
epithelium 

Red dz, white 
inclusions or 
spots in tlie 
cuticle 

Eastern - wild 
and cultured; 
Western - wild 
and cultured 

P. monodon, 
P. Japonicus 
P. vannamei 

BMN Baculoviral 
midgut gland 
necrosis virus 

dsDNA, 
Baculovinis, 
non-occluded 

Enteric (HP, 
MO) 

Epithelial cclls White HP & 
MG 

Eastern - wild 
and cultured 

P. monodon 
P. japonicus 



Virus 
Acronym 

Virus Full 
name 

Classification Organs Tissues Gross signs Hemispheres Shrimp species 

BP Baculovinis 
penaei 

dsDNA, 
Baculovinis, 
occluded 

Enteric (HP, 
MG) 

Epithelial cells General stress 
symptoms 

Eastern - MR; 
Western- Wild 
and cultured 

P. vannamei 
P. aztecus 
P. marginatus, 
P. californiensis 

MBV P. monodon 
i>pe 
baculovinis 

dsDNA, 
Baculovinis, 
occluded 

Enteric Epithelial cells While MG, 
bluish color, 
general stress 
symptoms 

Eastem- nild and 
cultured; Western 
• reported 

P. monodon 

PHRV Hemocyie-
infecling non-
occluded 
baculo-like 
virus 

dsDNA, 
Baculo-like 
vims, non-
occluded 

IRIDO Shrimp 
iridovinis 

dsDNA, 
Iridovinis 

Gills, 
hematopoietic 

Cuticular 
epitlielium 

Whitish body 
appearance 

Only one 
incidence -
Western 

TiTi shrimp 

(Xiphopenaeus 
riveti) 

ss = single stranded; ds = double strandet mz = melanized; dz = disease LO = lymphoid organ; CT = connective tissues 

N? 
00 



29 

Table 1.3. Diagnostic methods for penaeid shrimp viral diseases. Adapted from 

Lightner 1996a; OIE 2000. 

Virus Direct Histo- Bioassay TEM ELISA DNA PCR/ 
BF, P, pathology w/PAb Probes RT-
or DF or Dot blot. PCR 
LM MAbs In situ 

TSV + -H-+ ++ + -H- +-H- +-H-

YHV 
group 
(YHV, 
GAV, 

++ +++ + + -H-f +++ 

LOV) 
IHHNV - -H- + + - +++ +++ 

HPV -H- +++ + + - -H-+ -H-+ 

SMV - -M- - ++ - +++ -H-+ 

WSSV -H- ++ ++ + ++ -M-+ +++ 

BP -H-+ ++ + + -HH-

MBV +-H- ++ - + - -H- +++ 

BMN ++ -M- + + -M- -

= no reported technique 
= known technique, but not widely practiced or available 
= technique provides acceptable diagnostic accuracy/detection sensitivity 
= technique provides a high degree of sensitivity 

BF = Bright field LM of tissue 
LM = Light microscopy 

P = Phase LM 
DF = Dark Filed LM 

TEM = Transmission electron microscopy of tissue sections or purified virus 
ELISA = Enzyme-linked immunosorbent assay 

PAb = Polycolonal antibody 
MAb = Monoclonal antibody 
PCR = Polymerase chain reaction 

RT = Reverse Transcription 
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Table 1.4. Stains used in shrimp histopathology. Adapted from Lightner 1996a. 

Stain Reaction Pathogen or material 
H&E Hematoxylin - basic 

Eosin - acidic 
General / Routine 

Gene probes Dot blot - Dark blue = (+),pink or 
salmon = false (+) 
In situ - Dark blue = (+) 

DNA / RNA specific 

Gomori's Iron Orange/brown = (+) Iron 
Gram Purple/black = (+) 

Pink/red = (-) 
Bacteria 

Giemsa Purple = rickettsia 
Bacteria = blue 
Viral inclusion bodies = blue/dark 
purple 
Protozoa/parasites = dark blue 

Differentiating w/ blue = 
basophilic (DNA) 

Acradine 
Orange 

Orange red = RNA RNA 

Steiner & 
Steiner silver 
stain 

Spirochetes, rickettsia, bacteria = 
dark brown/black 

Spirocheted, rickettsia, 
bacteria 

Feulgen Deep pink/purple/red = DNA (+) 
Pale green = cytoplasm 

DNA 

Acid Fast Bright red = (+) 
Blue = (background/ -) 

Mycobacterium 

Periodic Acid 
Schiff(PAS) 

Nuclei = blue 
Fungi = red 
Background = pale green 

Fungi, Glycogen 

Brown and 
Brenn 

For background staining or Gram 
+/- bacteria 

Bacteria 

Masson's 
Trichrome 

Nuclei =black 
Collagen = blue 
Cytoplasm/ms & Ct = red 

Differentiating 

Bismarck 
Brown 

Counter stain for gene probe Background 
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1.3.2. Taura Syndrome Virus (TSV) Effects on Penaeid Shrimp Aquaculture 

1.3.2.1. TSV History 

TS emerged as a major epizootic disease of P. vannamei between 1991 and 1993 

and was first recognized as a distinct disease in shrimp farms located near the mouth of 

the Taura River in the Gulf of Guayaquil, Ecuador, in mid-1992 (Jimenez 1992; Lightner 

et al. 1995) where the disease caused catastrophic losses with cumulative mortality rates 

from 60 to >90% of affected pond-cultured juvenile Penaeus vannamei. TS spread 

rapidly throughout most of the shrimp growing regions in the Americas, often following 

the introduction of stock from affected areas (Brock et al. 1995, Hasson et al. 1995, 

Hasson et al. 1997, Jimenez 1992, Lightner 1996a, Lightner 1996b, Lightner et al. 1995, 

Wigglesworth 1994). TS occurred in the US, at isolated sites in Florida and Hawaii, 

during 1994 (Brock et al. 1995, Lightner 1996a, Lightner et al. 1995). By mid 1996, the 

disease had expanded its distribution to encompass essentially all of the shrimp-farming 

regions of the Americas, including the US states of Texas and South Carolina (Lightner, 

1998). 

TSV was diagnosed in 1993 in wild postlarvae and adult P. vannamei off the 

coast of Ecuador, Honduras, El Salvador, and southern Mexico (Lightner 1995, Lightner 

1996a,b). Mortalities and diagnostic lesions of the disease were found in the captive-wild 

affected adult P. vannamei populations (Lightner 1996b). Significantly, the potential for 
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TSV to become established in wild stocks is illustrated by this occurrence of TS in wild 

PL and adult broodstock (Lightner 1999) where its potential to transmit TSV infection to 

commercial penaeid shrimp fisheries is highly probable. 

Reports of occurrences of the disease now include Ecuador, Peru, Colombia, 

Honduras, Jamaica, Guatemala, El Salvador, Brazil, Nicaragua, Belize, the USA, and the 

Mexican states of Sonora, Sinaloa, Chiapas Guerrero, Yucatan, and most recently Taiwan 

(Lightner I996a,b; Chien et al. 1999). To date, it is estimated that the worldwide 

economic impact of TS to shrimp farming may have exceeded $2 billion dollars 

(Rosenberry 1997; Rosenberry 2000). 

1.3.1.2. Taura Syndrome Virus 

Taura syndrome virus (TSV), the etiologic agent of TS, was tentatively classified 

in the Superfamily Picomaviridae (Bonami et al. 1997), and recent work has shown that 

it should be classified within the Genus ''Cricket paralysis-like viruses" because it more 

closely resembles certain presently unclassified insect ssRNA viruses, such as Drosophila 

C Virus (DCV; Robles-Sikisaka 2001; Man et al. 2002). TSV is a 32 nm, icosahedral, 

non-enveloped viral particle with a buoyant density of 1.338 g/ml (Fig 1.1). Its protein 

capsid is comprised of three major polypeptides (55, 40, 24 kD designated VP I, VP2 and 

VP3, respectively) and one minor polypeptide (58 kD designated VO) (Bonami et al. 
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1997; Mari et al. 2002). The TSV genome consists of a linear, positive sense, single 

stranded ribonucleic acid (ssRNA) of 10,205 bases (Fig 1.2; Mari et al. 2002). 

• • 

1 1 H 

Figure 1.1. PTA stained transmission electron micrograph of the Hawaii 1994 TSV 

reference isolate (HI94TSV). From Lightner 1996a. 
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Figure 1.2. Diagram of location of TSV genome regions based upon the TSV genome 

organization, GenBank accession # AF277674. From Mari et al. 2002. 
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1.3.2.3. Species and life stages affected 

Taura Syndrome (TS) is reported to occur within approximately 14 - 40 days of 

stocking P. vannamei postlarvae (PL) into grow-out ponds or tanks in farms or regions 

where TSV is enzootic. The shrimp most often infected with TSV are generally small 

juveniles (0.05 - < 5.0 g) (Brock et al. 1995; Lightner 1996a; Lotz 1997; OIE 2000), 

although TS may occur in postlarvae ftom -PL 12, in juveniles and in adults (OIE 2000). 

TSV has been reported to cause natural infections in P. vannamei, P. stylirostris, 

and P. setifems (Overstreet et al. 1997). The same authors reported that TSV virulence in 

< 0.1 and 5.0 g P. vannamei did not depend on shrimp size. This non-dependence of 

shrimp size related to TSV virulence was corroborated by Lotz (1997) using 2.0 g 

juveniles to 30.0 g adults. Although reference Hawaii 1994 TSV isolate (TSV-A Etype-

A; Erickson dissertation 2002 Appendix 3) can infect juvenile P. stylirostris, this species 

is considerably more resistant to disease than similar sized P. vannamei as a result of 

TSV infection (Brock et al. 1995). 

Experimental infections of TSV have also been documented in postlarvae (PL) 

and juvenile P. setiferus, PL P. aztecus, juvenile P. schmitti and juvenile P. chinensis 

(Table 5; Lightner 1996a, Lightner et aL 1995, Overstreet et al. 1997). Although TSV can 

infect juvenile P. stylirostris, it has been found that P. stylirostris is considerably more 

resistant to the reference TSV isolate (TSV-A) than similar sized P. vannamei to the TSV 
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agent (Brock et al. 1995). The geographic distributions, host range, and target tissues for 

TSV are summarized below in Table 1.5. 

Table 1.5. TSV geographic distribution, host range and target tissues (from formal 

reports to OIE, published literature, "gray" literature, and informal reports). Adapted 

from Lightner 1996a. 

Geographic region Natural Host range 
(Natural infections) 

Target tissue(s) 

Americas: U.S. (South 
Carolina, Florida, Hawaii, 
Texas), Jamaica, Mexico, 
Honduras, Ecuador, Costa 
Rica, Columbia, Belize, 
Asia; China, Taiwan, 
Indonesia 

P. vannamei 
P. stylirostris 

acute phase: cuticular 
epithelium, subcutis (of 
general cuticle, gill, 
appendages, froregut, 
hindgut) 
chronic phase: lymphoid 
organ; hemocytes 

1.3.2.4. TSV disease cycle 

The TSV disease cycle consists of three clinically and histologically distinct, but 

overlapping phases; a ~7d peracute to acute phase, a ~5d transition phase, and a 

definitive chronic phase (Hasson et al. 1999a). The TS disease cycle (Fig. 1.3) was 

defined by Lightner (1996a; see Problem Identification section 1.1, for detailed 

discussion). 
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Figure 13. TSV disease cycle in Penaeus vannamei juveniles. Adapted from Hasson et 

Hasson et al. (1999b,c) proposed the chronic phase TSV cycle as follows (Fig 

1.4). TSV is released into the host's circulatory system during acute phase TS and 

gradually accumulates during the transition phase within normal LO tubule cells. This 

initiates Type A LOS morphogenesis. Type A LOS, the earliest detectible LOS, appear 

to have evolved firom activated lymphoid organ tubule phagocytes (and possibly 

circulating hemocytes) that had sequestered TSV. Within Type B LOS, viral replication 

results in TSV being released into the circulatory system, re-initiating the cycle in the LO 

and resulting in a chronic steady state infection. Type B LOS, the most prevalent of the 

three LOS types, have been shown to contain necrotic cells that were repeatedly TSV-

positive by in situ hybridization for up to 32 wk following acute phase infection. 

Another possibility suggested by Hasson (1999) is that TSV is eliminated during the 

al. 1996b. 



37 

ACUTE PHASE INFECTION 
Circulating 

TSV 
TypeC 

Atrophy/ 
Degradation 

+ 

Tobnie 
RcgeaeratiOD 

Type B TSV LO 
REPLICATION Tub 

TypeC 
LOS 

Type A 
LOS TSV 

EUMINATiON 

I Normalcy?! I Lifelong Infection  ̂

Figure 1.4. Hypotiiesized chronic phase TSV cycle in experimentally infected Penaeus 

vannamc/juveniles. From Hasson 1999, Hassonetal. 1999c. 

evolution of the Type C LOS. In this scenario, the Type C LOS appears to degenerate 

and they are replaced by new LO tubules, resulting in a return to normalcy. The Type C 

end stage LOS, typically, display no evidence of TSV presence by gene probe analysis. 

In the third proposed scenario, the persistent chronic phase infection may result from 

concurrent viral replication within Type B LOS and elimination by Type C LOS. 

Hasson et aL (1999b) concluded TSV infections appear to have three potential 

outcomes: 1) TSV may continue to replicate within LOS cells unchecked, 2) TSV may be 
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eliminated by LOS cells, or 3) TSV replication and elimination may occur concurrently, 

resulting in persistent infections. Shrimp in the chronic phase of TS carry TSV, for at 

least 8 mo in tissue and at least lyr in hemolymph after acute infection (Hasson et al. 

1995; Bonnie Poulos 1995 UAZ, Tucson, AZ pers. comm.), and are speculated to be 

carriers for life (Lightner 1996a). 

U.2.5. Diagnosis of TSV Infected Shrimp 

Severely TSV infected shrimp often display clinical signs that can be detected by 

visual inspection (Fig 1.5). Nonetheless, the spread of TSV results largely from failure to 

detect shrimp that while infected, such as postlarvai seed stocks, do not exhibit obvious 

clinical signs. In such cases, molecular and histological methods are effective for the 

detection of TSV in shrimp tissues. 

Figure 1.5. Gross signs of TSV-infected P. vannamei. A) TSV infected uropod with 

characteristic acute phase TS cuticular epithelial (CE) necrosis and expansion of red 

chromatophores. Arrow indicates CE necrosis. B) Shrimp presenting classic meianized 
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TS recovery phase lesions. Arrows indicate representative melanized lesions. From 

Lightner 1996a. 

Diagnostic histopatholgy (Lightner 1996a), demonstrated by the appearance of 

pathognomonic TSV lesions (Brock and Main 1994, Brock et aL 1995, Hasson et al. 

1995, Lighmer 1996a, Lighmer et al. 1995), in acutely infected shrimp (Fig 1.6a), and 

bioassay, which demonstrates the presence of the virus in asymptomatic carrier shrimp 

using specific pathogen-free (SPF) indicator juvenile P. vannamei (Hasson et al. 1995, 

Lightner 1996a), are excellent diagnostic methods for TSV (Lightner et al. 1998). 

Figure 1.6. TSV acute phase H&E and TSV in situ hybridization (ISH) 

photomicrographs. A) Photomicrograph of pathognomonic TSV acute phase lesions in 

the stomach presenting cuticular epithelial necrosis with pyknosis and karryorhexis 

giving the lesion the characteristic "pepper or buckshot" appearance. Arrows indicate 
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TSV acute phase lesions. B) Serial section of TSV ISH hybridized with TSV specific 

gene probes PI5 and Ql. Arrows indicate positive reaction to TSV gene probes as 

indicated by the presence of a blue-black precipitate. Bars = SO ^m. From Erickson et 

al. 2002a,b. 

Non-radioactive digoxigenin (DIG) labeled TSV complimentary DNA (cDNA) 

probes (Mari et al. 1998) used with in situ hybridization assays have also proven to have 

excellent diagnostic sensitivity (i.e. very strong reaction) to intact cells within and near 

pathognomonic TS lesions (Fig 6b; Hasson et al. 1996, Lightner 1996a) in shrimp tissue 

fixed in Davidson's fixative or RNA-fnendly (R-F) fixative for 24 h (Hasson et al. 1997). 

Reverse transcription polymerase chain reaction (RT-PCR) for the deteaion of 

TSV (Nunan et al. 1998a), using sequence information from cloned cDNA segments 

(Mari et al. 1998) has been applied successflilly in detecting TSV in hemolymph samples, 

taken from TSV infected shrimp in all phases of the TSV disease cycle. RT-PCR has 

also been used to successfully detect TSV in frozen tissue homogenates following RNA 

extraction (Erickson, unpublished data). 

Monoclonal antibodies were made to TSV at UAZ in 1997 and transferred to the 

private sector for kit development (Poulos et aL 1999). Of the three MAbs obtained, only 

one has proven to be suitable for commercial development. The antibody from the 
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immuno-dot blot test kit has been used in an in situ hybridization assay with excellent 

results (Luis Matheau, Univeristy of Guatemala, 28 av 3-64 zona IS, Guatemala, personal 

communication, 1996). This antibody also reacts to denatured protein in Western bolts 

(Poulos et al. 1999), which may explain why the antibody works with Davidson's fixed 

specimens. 

The Office International de Epizooties (OIE) list of crustacean diseases 

considered for notification and certification presently contains three Diseases Notifiable 

to the OIE and five Other Significant Diseases. Seven of the eight crustacean diseases 

listed by the OIE occur in penaeid shrimp and of the three notifiable diseases of 

crustaceans TS, cause by TSV, is one. Current OIE recommended diagnostic and 

detection methods for TS include histopathology, bioassay, in situ hybridization (ISH) 

with TSV specific gene probes, reverse-transcription polymerase chain reaction (RT-

PCR) with TSV specific primers, and immunoassays with TSV specific antibodies (OIE 

2000). Except for histopathology, the TSV recognized detection methods are either 

specific to a portion of the TSV genome (ISH and RT-PCR) (Nunan et al. 1998a; Mari et 

al. 1998) or specific to an antigenic epitope on TSV VP I (Appendix 2, Fig I; Poulos et 

al. 1999). 

Diagnostic and deteaion methods for TSV in penaeid shrimp are summarized 

below in Table 6. 
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Table 1.6. TSV surveillance, detection and diagnostic methods. From OIE 2000. 

Vfethod 
Surveillance & Screening 

Presumptive Confirmatory Vfethod 

Larvae PLs Juveniles Adults 

Presumptive Confirmatory 

Gross signs ++ 

Direct BF/LM ++ 

Histopatholocy . +++ +-M- +++ +++ +++ 

Bioassay . . . ++ ++ 

Transmission EM . . . + + 

Antibody-based 
metiiods 

- - - - +++ +++ 

DNA Probes 
in situ 

- +++ +++ +++ +++ +++ 

RT-PCR - +++ +++ +++ +-M- +++ 

PLs = postlarvae; BF = bright field; LM = light microscopy; EM = electron 

microscopy; RT-PCR = reverse-transcription polymerase chain reaction. 

Designations; - = the method is presently unavailable or unsuitable; + = the 

method has application in some situations, but cost accuracy, or other factors 

severely limits application of the method; ++ = the method is a standard method 

with good diagnostic sensitivity and specificity; and +++ = the method is the 

recommended method for reasons of availability, utility, and diagnostic 

specificity and sensitivity. 
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1.3.2.6. Lymphoid Organ and Lymphoid Organ Spheroids in Penaeid Shrimp 

1.3.2.6.1. Lymphoid Organ 

The lymphoid organ (LO) of penaeid shrimp, specifically in Penaeus orientalis (= 

chinensis), was originally described by Oka (1969), and later the normal structure of the 

LO was described by Bell and Lightner (1988). The LO, a bi-lobed structure, is 

considered part of the penaeid shrimp's vascular system as it receives hemolymph 

originating from the heart by the way of paired afferent vessels branching from the 

subgastric artery (Oka 1969, Bell and Lightner 1988). The LO is composed of "arteriolar 

tublules" or "sheathed arterioles" (LO tubules; Kondo et al. 1994) and the primary 

cellular components of the LO tubule include "reticular-like" cells and "lymph-like" cells 

(hemocytes; Oka 1969). A second component of the LO, besides the normal LO tubule, 

are the lymphoid organ spheroids (LOS), which were described by Lightner et al. (1987, 

1996) as extremely active spherical shaped clumps of hyperplastic LO cells that lacked a 

central vessel. Cells making up LOS typically showed karomegaly, large prominent 

cytoplasmic vacuoles and other cytoplasmic inclusions. LOS were also described by 

Kondo et al. (1994) as "nodular structures with many vacuolated cells", which were 

attributed to the "senile or degenerating phase" of normal LO tubules. The LO and LOS 

major cell type is morphologically similar to "dendritic reticulum cells that are found in 

mammalian lymphoid follicles" and are highly phagocytic (Kondo et al. 1994). The LO 

has been implicated to play a role in penaeid immune response. The LO tubules have 

phagocytic (and pinocytic) capabilities and are the most effective and specific bacterial 
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clearing organ in the penaeid shrimp (Kondo et al. 1994, Martin et al. 1996). Anggraeni 

and Owens (2000) have demonstrated with phenoloxidase and peroxidase assays that 

LOS cells have characteristics similar to exocytosed semi-granular and large granular 

hemocytes that have phagocytosed foreign material, particularity viruses, and implicate 

LOS cells as a putative mechanism for penaeid antiviral defense. 

The common occurrence of LOS has been documented in P. monodon, P. 

penicillatus, P. esculentus, P. vannamei, P. stylirostris, P.orientalis (= chinemis), and P. 

mergiiimis (Bonami et al. 1992). In association with viral infections, LOS have been 

documented in connection with lymphoidal parvo-like virus (LPV; Owens et al. 1991, 

1992), LO vacuolization virus (LOW; Bonami et al. 1992), rhabdovirus of penaeid 

shrimp (RPS; Nadala et al. 1992), yellow head virus (YHV; Boonyaratpalin et al. 1993), 

LO virus (LOV; Spann et al. 1995), spawner-isolated morality virus (SMV; Fraser and 

Owens 1996), gill associated virus (GAV; Spann et al. 1997) and Taura syndrome virus 

(TSV; Hasson et al. 1995). 

Recently (May2002) while reading a routine diagnostic case, I came across a new 

presentation of LOS due to viral infection in P. monodon, housed at UAZ West Campus 

Aquaculture Center for (specific pathogen free) SPF primary quarantine and submitted 

for the 90 day analysis for any specific listed pathogens or other pathology check. This 

new icosahedral viral infection, tentatively named lymphoid organ virus n (Lightner, 

personal communication 2002) until further characterization of the virus can be 
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conducted, was observed by TEM in the LOS of the LOVU-infected P. monodon. As 

LOS occur within a variety of infections, the application of virus-specific gene probes are 

required to malce a definitive diagnosis of their etiology. But as in the case of LOVH, 

none of the routine gene probes reacted with the LOS, implying that the cause of the LOS 

in this case may be due to a previously unreported virus. 

General and TSV-specific changes in LOS cells have each been classified into 

three phases (Hasson et al. 1999b, Anggraeni and Owens 2000). Anggraeni and Owens 

(2000) classified the general LOS changes as follows; 1) a tumorous-like phase without 

any encapsulating fibrocytes around the spheroids (as described in SMV infection by 

Fraser and Owens 1996), 2) a fully-encapsulated spheroid phase (as described in LPV 

infection by Owens et al. 1991 and LOV infection by Spann et al. 1995), and 3) a 

vacuolative degeneration of spheroids (first reported by Owens and Hall-Mendelin 1989 

and later described in LOW infection by Bonami et al. 1992). Hasson et al. (1999b) 

classified the successive LOS morphological changes over time, with one form evolving 

into the next, in TSV chronic phase infection as follows: the initial Type A (1) form 

consists of a homogeneous mass of cells believed to be undergoing focal TSV-induced 

necrosis with concurrent vacuole formation, which produces the Type B LOS (2). This 

Type B LOS undergoes increased vacuolization and nuclear condensation of the Type B 

morphotype, which produces the Type C LOS (3). (See TSV disease cycle section 

1.3.2.4 for further discussion of TSV chronic phase LOS.) 
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Although LOS in the LO of penaeid shrimp have been detected in relation to 

several disease agents, its role still remains unclear. 

1.3.2.6.2. Ectopic Spheroids 

Lymphoid organ spheroids found outside of the LO in P. vannamei were 

originally described by Lightner and Brock (1986, 1987) as ectopic metastatic spheroids 

in the cuticular hypodermis. Ectopic spheroids (ELOS) have also been observed in P. 

monodon and P. pennicillatus from Taiwan (Lightner and Brockl986), P. stylirostris 

from Tahiti and P. monodon from Australia (Owens et al. 1991) and Indonesia (Tumbull 

et al. 1994, Christofilogiannis 1993). In these studies ELOS were documented within the 

antennal gland, gills, gonads, hepatopancreas, muscle, nerve cord, and tegmental glands, 

with the general hypothesis being that theses hyperplastic cellular masses disassociate 

from the LO and metastasize to other sites. 

In relation to TSV and ELOS formation, based upon Hasson's dissertation 

research (1999) and reviewed literature, Hasson (dissertation 1999) has proposed two 

alternative hypotheses: 1) in which TSV-induced ELOS appear to develop de novo in sites 

that previously contained tegmental glands, and 2) both LOS and ectopic spheroids are 

composed of the same phagocytic cell type, which may proliferate in situ and/or migrate 

to infected sites in response to chronic viral infections or abiotic substances that are too 

small to be encapsulated. The second hypothesis corroborates Lightner et al.'s (1987) 
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correlation between the presence of both ELOS and LOS within shrimp and chronic 

inflammatory conditions. 

To date, it has not been determined with certainty whether or not the occurrence 

of LOS and ELOS are part of a generalized immune response that is common in penaeid 

shrimp. 

1.3.2.7. Transmission and sources of TSV / Potential Carriers 

It is known that seagulls (laughing gulls, Larus atricilla) and potentially aquatic 

insects (e.g. water boatmen, Ttrichocorixa reticulata) serve as potential vectors of 

infectious TSV within and among shrimp aquaculture farms in the Americas (Lighfner 

1996b). Gull feces, collected in Texas during the 1995 TSV epizootic from the levees of 

TSV infected ponds, were found to contain infectious TSV by bioassay with juvenile P. 

vannamei (Garza et al. 1997, Lightner 1996b). Consequently, seagulls and other shrimp-

eating seabirds may transmit TSV within their flight range within affected farms or to 

other farms (Lightner et al. 1998). 

The trade of frozen commodity shrimp, which may contain exotic viruses, is 

another potentially important mechanism for the spread of these pathogens (Lightner et 

al. 1998, Nunan et al. 1998, Durand et al. 2000). It has been found by these authors that 

penaeid shrimp viral pathogens in frozen commodity shrimp are still viable and capable 
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of causing mortalities in experimental bioassays utilizing indicator shrimp species {P. 

vannamei). 

The importation of live shrimp as broodstock or postlarvae, which may contain 

domestic or exotic viruses, are another important mechanism for the spread of penaeid 

shrimp viruses G-ightner 1995), as seen by the recent outbreak of TS in Taiwan due to the 

importation of TS infected broodstock (Chien et al. 1999). 

Horizontal transmission of TSV by cannibalism of mohing or weak shrimp is 

known to be rapid and efficient. With less efficiency, TSV may be transmitted from 

shrimp to shrimp via the water (Soto et al. 2000, OIE 2000). 

Sources of TSV in the shrimp aquaculture setting which may be responsible for 

the transmission of TSV to the facility and within and between ponds include; 1) 

cannibalization of infected shrimp, 2) cohabitation of TSV-infected and uninfected 

shrimp, 3) use of TSV-infected transport water, intake water, nets, and other fomites, and 

4) feces from aquatic birds that have fed on TSV infected shrimp (OIE 2000). 
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1.3.2.8. Viability of TSV and Resistance to Chemical and Physical Action 

TSV is able to survive well in frozen tissues (-70 "C), as this is how UAZAPL 

stores TSV samples for future use. The water from aquaria that housed TSV positive 

shrimp has also been shown to remain infectious for 28 days (Soto et al. 2000). 

TSV's resistance to pH, chemicals and certain disinfectants remains unreported in 

the literature, but pond or tank drying has been effective in preventing TSV infection in 

subsequent crops (OIE 2000). Calcium hypochlorite (200 ppm CI for 24 h) has been 

effective in disinfecting equipment used between tanks (i.e. dissolved oxygen meters, 

nets, etc.) and on rearing tank surfaces (OIE 2000). TSV may also be inactivated in 

tissue by subjecting the tissue to 100 °C for 10 min (OIE 2000). It is speculated that in 

cell-free purified virus suspensions oxidizing agents, SDS, non-ionic detergents, and lipid 

solvents may inactivate TSV, but these modes of inactivation have not been confirmed in 

the literature. 

1.3.2.9. Taura Syndrome Disease Management Strategies 

Strategies to reduce the impact of TS have been implemented to prevent further 

economic losses to the disease in the shrimp culture industry in the Americas. Specific 

pathogen-free (SPF) lines of P. vannamei have been selected and bred for TSV resistance 

(Lightner 1996b; Brock et al. 1997; Lightner and Redman 1998). The industry has also 



50 

selected and bred survivors of natural TSV epizootics (i.e. specific pathogen resistant 

(SPR) P. vannamei), while some culture facilities had turned to innately resistant P. 

stylirostris to combat the impact of TS (Lightner and Redman 1998). 

In certain aquaculture settings TSV has successfully been eradicated fi'om culture 

facilities (OIE 2000). These eradication methods are dependent on the completion of the 

following tasks; I) total depopulation of infected stocks, 2) disinfection of the culture 

facility, 3) avoidance of re-introduction of the virus (from other nearby culture facilities, 

fomite transmission, wild shrimp, etc.), and 4) re-stocking of the culture facility with 

TS V-free postlarvae that have been produced from TS V-free broodstock (Lightner and 

Redman 1998; Lotz 1997). 

1.3.2.10. Present status of Taura syndrome 

In the laboratory, experimentally induced TSV infections in P. vannamei and P. 

stylirostris are readily obtained by feeding infected carcasses and by injection of a 

homogenate of TSV infected shrimp tissue into the abdominal muscles. In the 

commercial shrimp aquaculture setting, TSV infections are presumed to be acquired 

orally (per os). Due to the difference in TSV transmission in these settings, innate 

resistance mechanisms may be bypassed when TSV infections are induced 

experimentally by injection. Lotz (1997) demonstrated that injection of TSV resulted in 

more severe infections in P. vannamei than did per os TSV exposure, independent of 
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shrimp size. This apparent innate resistance is hypothesized to be due to an unknown 

enteric resistance or defense mechanism. 

The worldwide geographic distribution of TSV indicates that the same virus or 

closely related viruses are responsible for the TS epizootics that have occurred 

throughout the Americas since 1992 (Hasson et al. 1999a; Lotz 1997). Ecuadorian 1992 

and Hawaiian 1994 TSV isolates were found to be identical in their biophysical, 

biochemical and biological characteristics (Bonami et al. 1997). However, anecdotal 

evidence of the occurrences of TS epizootics in P. stylirostris since 1999 in Mexico 

suggested that a closely related virus might have evolved from the original 

Ecuadorian/Hawaiian isolate characterized by Bonami et al. (1997) and Mari et al. 

(2002). If TSV has changed since 1994, it is possible that a change in the virus, 

potentially in its structural proteins, is responsible for the emergence of TS in a 

previously TS refractive species, P. stylirostris. 

1.3.3. Viral Transmission in Penaeid Shrimp Hatcheries 

Infection mechanism experiments have shown that Penaeus monodon-type 

baculovirus (MBV) and Baatlovirus penaei (BP) are transmitted, in hatcheries, from 

infected adult broodstock to larvae by fecal contamination (Chen et al. 1989, Chen et al. 
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1990, Johnson and Lightner 1988, Lightner 1996a, Natividad and Lightner 1992, 

Overstreet et al. 1988). 

It is speculated that TSV may be transmitted, by an unknown mechanism, to 

fertilized eggs and/or nauplii by adhesion of TS virions to the eggs/larvae. Infection of 

spawned eggs or nauplii by fecal contamination may be prevented by thorough cleaning 

and disinfection of the eggs or larvae by washing fertilized eggs/nauplii using clean sea 

water, dilute formalin, and iodophor solutions (Chen et al. 1989, 1990), which may also 

prevent TSV infection of larvae. 

1.3.4. Crustacean Immune Response 

The search for crustacean antiviral factors has been greatly limited by the lack of 

crustacean viral models and of cell culture systems necessary for virus quantification and 

titration. Historically, due to these reasons, research into the antibacterial activities of 

crustaceans has attracted more attention. 

In shrimp, the nonspecific immune response is based on four main components; a 

clotting mechanism, lectins, hemocytes and prophenoloxidase (Soderhall 1998). The 

prophenoloxidase (proPO) activating system may be involved in crustacean non-self 
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recognition (Johansson and Soderhall 1989a, Soderhall and Cerenius 1992, Soderhall et 

al. 1994). 

1.3.4.1. Non-Self Recognition Plasma Proteins 

Lectins, which cause the agglutination of different cell types in crustaceans, are 

known as non-self recognition plasma proteins. There are four types; 1.) P-l, 3-glucan 

(BG) binding protein (BGBP), 2.) peptidoglycan recognition protein (PGRP), 3.) 

Iipopolysaccharide (LPS) binding proteins (LPS-BP), and 4.) clotting factors. 

BGBP has been purified from P. vamamei, P. stylirostris, and P. califomiensis 

plasma as a 100 IdD monomeric protein (Vargas-Albores et al. 1997, 1998a). After 

binding to LPS (from bacterial endotoxins), LPS-BP acts like an opsonin to increase the 

phagocytic rate of semi-granulocytes and granulocytes (Lee et al. 2000). Another 

agglutinin related to the LPS-BP is Monodin. Monodin is a 420 kD glycoprotein (sialic-

acid specific lectin) that was purified from P. monodon plasma and was found to be 

capable of inducing the agglutination of Vibrio vulnificus and it can be specifically 

inhibited by n-acetylneuraminic acid (Ratanapo & Chulavatnatol 1990, 1992). 

Peptidoglycans (PG), constituents of all bacterial cell walls, are non-self signals 

for PGBPs. These act in the same fashion as BGBPs, by inducing degranulation and 

activation of the proPO cascade when bound to PG, forming a PGBP- PG complex 

(Marques and Barracco 2000, Vargas-Albores and Yepiz-Plascencia 2000). 
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Another group of lectins are the clotting factors such as serine proteases (Factor 

C) and tachylectins, have shown to be important factors in the clotting cascade, which is 

important in wound healing and encapsulation of bacteria (Iwanaga et al. 1998). 

1.3.4.2. Hemocyte Types and Functions 

Crustacean cellular defense, made up of hyaline, semi-granular and granular 

hemocytes (Table 6; Martin and Graves 1985, Soderhall and Cerenius 1992), is 

comprised of chronological coagulation, phagocytosis, encapsulation, and nodule 

formation (Fontaine and Lightner 1974, Bauchau 1981, Soderhall and Cerenius 1992). 

Once the hemocytes are stimulated by non-self particles, hemocytes are able to produce 

highly reactive oxygen radicals such as hydrogen peroxide, hydroxide ions, and 

superoxide anions (O2; Song and Hsieh 1994). In response to live bacteria, such as 

probiotic vibrios, reactive O2 intermediates are produced (LeMoullac et al. 1997), but 

pathogenic Vibrio harveyi has been shown to not induce O2 intermediate production in 

hemocytes, which is a possible virulence factor in K harveyi (Munoz et al. 2000). 

1.3.4.3. Defensins 

The second major group of non-self recognition proteins in crustaceans are the 

defensins, which are antimicrobial peptides found in hemocytes and plasma. There are 
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three main types of defensisns; 1.) big defensin, 2.) hemocytic proteins, and 3.) 

penaeidins. 

Table 1.7. Comparison of crustacean immune cell function to the analogous vertebrate 

immune cells. 

Crustacean 
Cell type 

Crustacean 
function 

Vertebrate 
comparison 

Hyaline 

Semi-granulocyte 

Granulocytes 

Phagocytosis, Coagulation 
Stimulated by LPS and tissue 

damage to produce 
transglutaminase 

Some phagocytosis 
Stimulated by 3-glucans and 

LPS 
Encapsulation 
Melanin production by way 

of proPO 
Release peroxinectin 
Reactive O2 intermediates 

Some encapsulation 
Active in proPO system: 

melanization, limits 
bacterial proliferation, 
activated by serine proteases 

Under control of inhibitors 

Functionally analogous to 
killer T cells (Tk-Cells) and 
macrophages 

Functional hybrids of B-cells 
and T-cells 

Function like polymorpho-
nucleocytes (PMNs) 

Functional hybrids of B-cells 
and T-cells 

Function like polymorpho-
nucleocytes (PMNs) 
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Big defensin has been found in granules of horseshoe crab hemocytes (Saito et al. 

1995). It has been shown to inhibit growth of fungi, gram-negative and gram-positive 

bacteria. Two functional areas of big defensin have been identified in which the 

hydrophobic region of the protein reacts against gram-positive microbes and the COOH 

region acts against gram-negative bacteria (Saito 1995). 

Hemocytic proteins, besides the 76kDa protein, peroxinectin, that has been 

implicated to be an opsonin involved in stimulation of degranulation, cell adhesion, and 

the proPO system induce a 65KDa antimicrobial peptide has also been isolated from 

hemocytes (Bachere et al. 2000). It is not yet known if this protein has any specific 

microbicidal effects other than lysis. 

Penaeidins have been purified from the plasma and hemocytes of P. vannamei 

(Destoumieux et al. 1997). Since they were found in both the hemocytes and plasma, 

they have been speculated to be both normal constituents of the hemocytes, but also an 

inducible protein in the presence of bacteria and fungi (Destoumieux et al. 1997). These 

penaeidins have been found to have antibacterial and antifungal properties, by inducing 

lysis of the non-self agent. But penaeidins have been found to have no affect on gram-

negative bacteria, especially Vibrio spp. (Destoumieux et al. 1999). 
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1.3.4.4. Prophenoloxidase System of Penaeid Shrimp 

In penaeid shrimp species, a majority of the molecules of the proPO system are 

found in the vesicles of the semigranular and granular hemocytes, but have also been 

found in small amounts in plasma and serum components of hemolymph (Johansson and 

Soderhall 1985, 1988; Perazzolo and Barracco 1997). These molecules are released from 

the cells through regulated exocytosis in response to induction signals (Johansson and 

Soderhall 1985, Johansson and Soderhall 1988). In general, the proPO cascade has been 

found to produce, stimulate or initiate toxic quinones (via oxidation) and melanin; 

hemolymph coagulation factors; and hemocyte locomotion, phagocytosis, nodule 

formation and encapsulation (Smith and Soderhall 1983, Smith et al. 1984, Soderhall et 

al. 1986, Johansson and Soderhall 1985, 1989, Aspan and Soderhall 1991, Kondo et al. 

1992, Soderhall andCerenius 1992, Adams 1994). 

Peroxinectin, a 76kDa protein, found in hemocytes, has been reported to mediate 

degranulation (Johansson and Soderhall 1988) and cell adhesion (Johansson and 

Soderhall 1989b). This "muhifunctional immune factor", when released from 

granulocytes with molecules of the proPO system, acts as a phagocytosis-stimulating 

opsonin for hyaline cells (Thomqvist et al. 1994, Johansson et al. 1995) and promotes 

encapsulation (Kobayashi et al. 1990). 
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ProPO has been found to respond to damaged tissue, foreign material, P-glucan of 

fungal walls, LPS endotoxin, O antigens, peptidoglycans of bacteria, lipids and 

detergents (Soderhall et al. 1990). PO activity has been found to be enhanced by 

lipopolysaccharides (Ashida and Yamazaki 1990, Soderhall et al. 1990) and P-1,3-

glucans (components of microorganism cell walls) (Soderhall 1982), suggesting its 

involvement in non-self recognition. 

Melanization is a well-known response to infection in shrimp and is easily 

observed both in nodule and capsule formation around invading parasites or cuticular 

wounds (Johansson and Soderhall 1989b, Ashida and Yamazaki 1990, Soderhall and 

Cerenius 1992, Aspan et al. 1992). A complex enzyme cascade involving the activation 

of proPO to PO induces melanization (Soderhall and Cerenius 1990, Aspan et al. 1992. 

1995). 

Increased temperature and salinity, as well as hypoxic stress, have been shown to 

increase proPO levels in P. califomiensis and P. stylirostris respectively (Vargas et al. 

1998b and Le Moullac et al. 1998). 

1.3.4.5. Adaptive Immunity 

Some evidence supporting adaptive immunity in penaeid shrimp has been 

presented by Arala-Chaves and Sequeira (2002) as evidenced by an increase in hemocyte 
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activity and hemocyte proliferation in the hematopoietic tissue of shrimp initially 

inoculated with fungal antigens and subsequently re-exposed to the fungal antigens a 

second time. 

1.3.4.6. Antiviral Activity 

Pan et al. (2000) have reported the first evidence of the existence of broadly 

active antiviral activities, which are speculated to function as innate host defenses in the 

crustaceans, which lack specific antibody immunity. Antiviral activities that inhibited a 

variety of DNA and RNA viruses (i.e. banzi virus, mengo virus, poliomyelitis, sindbis 

virus, vaccinia virus, and vesicular somatitis virus) were found in tissue extracts of gulf 

white shrimp {Penaeus setifems), blue crab (Callinectes sapidus), and crayfish 

(Procambarus clarkii). The main antiviral activity in the blue crab tissue preparation 

(found in the 440 kD fi'action) resulted in inhibition of viral attachment to eukaryotic 

cells, as evidenced by inhibitory activity at 4 "C (Pan et al. 2000). 

1.3.5. Viral Accommodation Theory and TSV 

Flegel's theory of viral accommodation and tolerance in penaeid shrimp was 

presented in 1998 (Flegel and Pasharawipas 1998). In defense of this theory, anecdotal 

evidence, the roles of apoptosis, and 'tolerines' have all been sited in his presentations. 

Flegel has stated in his theory of viral accommodation that he believes that there are 
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some mechanisms acting not only in the shrimp, but also in the viruses themselves, to set 

up a type of co-existence. Flegel has presented anecdotal evidence that in the proposed 

process of viral accommodation there is a trend over time and generations to see less viral 

pathogenicity or expression of disease in a particular shrimp species that was initially 

extremely susceptible to acute viral disease (as illustrated by high (>90%) mortality rates 

when exposed to the viral pathogen in initial epizootics). The development of apoptosis 

inhibition by viral proteins has also been implicated as a potential mechanism in allowing 

a virus to stay persistent, but "hidden", in the host shrimp. And fmally, Flegel has 

presented the idea of specific host shrimp 'tolerines' as being molecules that are possibly 

stimulated by the host-viral interaction in a mechanism that can possibly induce a change 

in the host tissue (which the virus is tropic to) receptor sites that the virus needs for 

attachment or entry into the cell in a way that will prevent host cell viral infection. 

Using Hasson's (1999) TSV infection model presented in his dissertation as an example 

of this evolutionary trend toward viral co-existence in P. vannamei, one can see 

corroboratory evidence to support Flegel's viral accommodation theory, as will be 

presented below. 

In Hasson's TSV infection model, TSV was found to have three distinct phases, 

as characterized by histopathology; an acute, transition, and chronic/carrier state. In 

relation to mortalities, in the acute phase of Taura syndrome (TS), the shrimp either 

become overwhelmed by the viral infection and die, generally during ecdysis, or they are 

able to begin clearing TSV from their system and enter the transition phase. In the 



61 

transition phase of TS, mortalities decrease and the shrimp begin resolving the now 

melanized cuticuiar lesions due to TSV and/or secondary bacterial infections and begin to 

present lymphoid organ spheroids (LOS). As the affected shrimp then enter the chronic 

phase of TS, no acute phase lesions or melanized lesions are present and the shrimp only 

present LOS. It is in this chronic phase that Hasson was able to show that TSV can be 

detected up to 8 months post infection, present LOS, and are possibly carriers of TSV for 

life. As is suggested in TSV's epizootic history with P. vannamei, TSV no longer causes 

the extremely sever epizootics that it did during 1992 - 1994. To date, TSV is still 

diagnosed in samples submitted from shrimp aquaculture facilities, but the severe 

epizootics characteristic of TSV's burst onto the penaeid shrimp aquaculture scene are no 

longer present. TSV appears to be moving towards a co-existance with P. vatmamei 

where only it may be capable of inducing the disease state of TS when the shrimp have 

been stressed in some way. This anecdotal evidence coupled with Hasson et al.'s (1999a) 

TSV infection model support Flegel's idea that there is a trend over time and generations 

to see less viral pathogenicity or expression of disease in a particular shrimp species that 

was initially extremely susceptible to acute viral disease. 

Hasson (1999b) originally presented that LOS were possibly of lymphoidal 

origin, but as later reported in the literature by Anggraeni and Owens (2000), LOS were 

found to contain proPO and other "immune" molecules of hemocytic origin. Based upon 

this evidence, LOS were then theorized to be of hemocytic and not lymphoidal origin. 

Coupled with Hasson et al.'s (1999a,b) TSV infection model, in which he suggests that 
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the TSV chronic phase is present for life and that LOS are present throughout the chronic 

phase, this leads one to postulate that TSV may be using the shrimp's own "immune 

cells" to hide in and persist, by possibly stimulating the LOS to remain present and 

inhibiting the induction of apoptosis in these host cells. This hypothesis then supports 

Flegel's portion of the viral accommodation theory in which the development of 

apoptosis inhibition by viral proteins is implicated as a potential mechanism in allowing a 

virus to stay persistent, but hidden, in the host shrimp. 

Hasson's TSV infection model presented in his 1999 Dissertation, also eluded to 

the possibility of chronic phase TSV infected P. vannamei not being able to be re

infected with TSV in challenge studies. I also researched this topic in 199S with TSV 

survivors from a Texas TSV epizootic, and found no significant difference between 

survival of TSV epizootic survivors challenged and not challenged with TSV (Erickson 

1997). Also, Hasson's accepted TSV model leads one to believe that if the shrimp may 

be carriers of TSV for life, then there is possibly some mechanism of transmitting TSV, 

or the potential change in gene expression of the shrimp, to its offspring. Putting these 

two ideas together leads one to believe that Flegel's idea is plausible that specific host 

shrimp 'tolerines' are possibly stimulated by the host-viral interaction in a mechanism 

that can possibly induce a change in the host tissue receptor sites that are needed for viral 

attachment or entry into the cell, essentially preventing future host cell viral infection. 
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Therefore, by using Hasson's TSV infection model, which shows that there is an 

apparent life-long persistent TSV chronic infection in P. vannamei, Flegel's theory of 

viral accommodation can be supported. 

1.3.6. Gut-Mediated Viral Resistance in Insects and TSV 

In diagnostic specimens of P. stylirostris submitted to University of Arizona 

Aquaculture Pathology Laboratory (UAZAPL) from farms in Mexico we have observed a 

possible correlation between gregarine {Nematopsis sp.) parasitism of the midgut 

mucosal epithelium and the presence of acute phase TS disease in this usually TS 

resistant species (unpublished data). In the laboratory, experimentally induced TSV 

infections in P. vannamei and P. stylirostris are readily obtained via injection of a 

homogenate of TSV infected shrimp tissue into dorso-lateral abdominal muscles; while in 

the commercial shrimp aquaculture setting, TSV infections are presumed to be acquired 

by either "vertical" transmission or per os routes. Due to the possible effect of gregarine 

infections on TSV susceptibility in pond-reared P. stylirostris, and to experience with 

laboratory challenge studies in which injection of TSV produced more mortalities in P. 

stylirostris than did per os exposure, I hypothesized that this phenomenon was due to an 

unknown resistance mechanism associated with the gut. 



64 

Fuxa and Richter (1997) reported that in Anticarsia gemmatalis (velvetbean 

caterpillar) populations resistant to the A. gemmatalis nucleopolyhedrovirus (AgNPV), 

the resistant insects demonstrated an overall decrease of fitness (lower fecundity, 

survival, and pupal weights) compared to susceptible insects, and AgNPV resistance may 

have associated costs in fitness. Based upon Fuxa and Richter's findings (1997) and the 

observations relating to the overall fitness of specific pathogen resistant (SPR) P. 

varmamei (Appendix 1, this dissertation), TSV resistance may play a role in the 

decreased fitness SPR P. vannamei. 

TSV, the etiologic agent of TS, was tentatively classified with the Picomaviridae, 

but Mari et al. (2002) has shown that TSV more closely resembles certain presently 

unclassified picoma-like insect ssRNA viruses, such as Drosophila C virus. Drosophila 

C virus (DCV) is known to be transmitted by ingestion or contact and cause pathology to 

varying degrees, but has been found to be extremely pathogenic when injected into 

Drosophila melanogaster (fhiit fly), causing mortalities in a few days (Thomas 1996). In 

relation to Thomas's 1996 study, TSV appears to act similarly to DCV, in that per os 

exposure to TSV in SPR P. stylirostris resulted in no mortalities, but when it was injected 

it was found to be extremely pathogenic, resulting in 73% mortality (Appendix 1, this 

dissertation). 

Midgut motility may also play a factor in TSV resistance during per os TSV 

exposure in SPR P. stylirostris. Hukuhara et al. (1986) reported that by enhancing the 
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motility of Bombyx mori (silkworm) larval midgut, food transport through the midgut 

was increased, shortening the stay of midgut contents, and increased the resistance of 

silkworm larvae to cytoplasmic polyhedrosis virus by per os exposure. Further studies 

are needed to investigate the role of midgut motility and its relevance to penaeid shrimp 

viral resistance. 

The possible inaccessibility of TSV-specific receptors in the gut during the TSV 

per OS exposure period may have played a role in the TS resistance of SPR P. stylirostris 

(Appendix I, this dissertation). As seen with polio virus, a picomavirus, treatment of 

basolateral membranes of human intestinal cells with a poliovirus receptor-specific 

monoclonal antibody inhibited virus adsorption to membrane surfaces (Tucker et al. 

1993). The data obtained in the study presented in Appendix 1 (this dissertation) suggest 

that some property or properties of the P. stylirostris gut provides greater resistance to 

TSV infection and presentation of TS in P. stylirostris, that may be not be present in P. 

vannamei. The role of the cuticular lining of the stomach and hindgut and unlined 

portions of the gut (midgut, hepatopancreas tubules, and the anterior and posterior midgut 

caeca) in association with TSV resistance in SPR P. stylirostris, in conjunction with 

research into identification of TSV specific receptor sites, still needs to be examined. In 

the future as technology advances in penaeid shrimp cell culture, TSV specific receptors 

and their interactions with receptor-specific monoclonal antibodies, using poliovirus as a 

model, would be interesting to explore. 
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Developmental resistance in orally inoculated mature larvae of Spodoptera litura 

(armyworm) to nuclear polyhedrosis virus (NPV) was reported by Monobrullah and 

Nagata (2000), even though intrahemocoelic injection of NPV into mature larvae resulted 

in mortality due to NPV infection. As the larvae approached pupation, Monobrullah and 

Nagata (2000) proposed that a gut-mediated barrier developed which was responsible for 

the lack of susceptibility to NPV infection in mature S. litura larvae. The results of the 

study presented in Appendix 1 (this dissertation) demonstrated 100% survival of SPRP. 

stylirostris challenged per os to TS V, whereas SPF and SPR P. vannamei exhibited 50% 

and 57% survival, respectively, to per os TSV challenge. Future research using 

Monobrullah and Nagata's (2000) experimental model, may provide further insight into 

this difference in mortality rates due to TSV per os exposure in P. stylirostris and P. 

vannamei. During larval development, P. stylirostris may also develop a gut-mediated 

barrier to TSV, which would provide another possible explanation for the difference in 

the mortality rates reported between the two species (Appendix 1, this dissertation). 

1.3.7. Virus Species Definition 

The following are definitions and excerpts from the seventh report of the 

International Conunittee on Taxonomy of Viruses (ICTV; 2000) related to the 

classification of TSV geographic and year isolates as potential new strains of TSV or not. 
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The ICTV defines a virus species as a polythetic class of viruses that constitute a 

replicating lineage and occupy a particular ecological niche. Breaking the definition 

apart, each individual portion of the definition may be defined as follows; 1) a polythetic 

class is one in which members always have several properties in common although no 

single common attribute is present in all of its members; 2) a replicating lineage implies 

that genome comparisons cannot by themselves justify taxonomic placements that would 

disregard the biotic and phenotypic properties of viruses; and 3) an ecological niche 

refers to the biotic properties of members of a virus species such as host range, tissue 

tropism, virulence, pathogenesis, host responses, vectors, and habitat. 

"The genome of a virus cannot be defined by a unique sequence corresponding to 

a so-called wild type but consists of a distribution of mutant sequences, each one 

differing in one or a few nucleotide positions fi'om the consensus sequence of the clone" 

(ICTV 2000). Since RNA viruses replicate without an error repair mechanism, the 

genome of a RNA virus may be said to consist of a master sequence in a given 

environment together with a large number of competing mutants. A population as this is 

referred to as a quasi-species, which describes self-replicating RNA molecules which 

because of mutation do not consist of a unique molecular species (Eigen 1993). 

In the molecular sense, taxonomic species [RNA molecules] are thus inevitably quasi-

species (Smith et al. 1997). 
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But, in the next breath the ICTV states that the definition of a virus species is of 

little use for deciding if a particular isolate is a member of a certain species or not, 

because it applies only to the abstract concept of species. Therefore, individual viruses 

located in time and space cannot be defined, but can only be identified by means of so-

called diagnostic properties (Ghiselin 1984). 

The characters of little value for identifying individual species because they are 

family- or genus-defining properties include; virion morphology, genome organization, 

method of replication, and the number and size of structural and non-structural viral 

proteins. The characters that are reported as useful for discriminating between virus 

species within the same genus include: genome sequence relatedness, natural host range, 

cell and tissue tropism, pathogenicity and cytopathology, mode of transmission, 

physicochemical properties of virions, and the antigenic properties of viral proteins. 

A study-group member of the ICTV, Andrew King, stated in response to another 

shrimp virus species debate that; "Members of a viral species should be (virtually) 

identical by all molecular and biological criteria except sequence and antigenicity. The 

corollary of that is that, if viruses differ in molecular biological characters ONLY in 

sequence and antigenicity, they should be assigned to the SAME species" (Andrew King, 

personal communication, October 2001). 
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Using this information regarding viral species and quasi-species, I was able to use 

diagnostic tools, serological, and molecular techniques in my quest for determining if a 

new TSV strain had emerged. This research is addressed in Appendix 2 and 3 (this 

dissertation). 

1.3.8. Virus Serotype 

A virus serotype is typically defmed on the basis of the specificity of the 

antibody-virus reaction (Shinnick et al. 1984). Virus serotypes can be identified and 

defined by patterns of reactivity of the purified virus with known typing sera (eg. 

reference strain of TSV (Hawaii 1994 isolate; HI94TSV) to TSV MAb 1 Al) or by pattern 

of the antisera elicited by the new virus (eg. TSV geographic and year isolates) with 

known typing viruses (eg. HI94TSV). For example, utilizing these serotyping protocols. 

Hepatitis B-viruses (HBVs) were classified into four serotypes (Shinnick et al. 1984). 

Serotypes can also be identified on the basis of cross-neutralization behavior. A 

virus may be assigned a serotype if the Ab elicited by it is capable of neutralizing known 

members of a serotype or if the Ab elicited by viruses of a particular serotype could 

cross-neutralize the new virus. For example, utilizing these serotyping protocols. Foot-

and-mouth-disease virus (FMDV) was classified into seven serotypes, which is 

conceptually like complementation grouping in genetics (Shinnick et al. 1984). 
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1.3.8.1. Antibody Specificity Related to Antigenic and Immunogenic Determinants 

HBV Ab specificity was proposed by Shinnick et ai. (1984) to be caused by a 

variation in the immunogenic and antigenic determinants of the viruses. The following 

examples support Shinnick et al.'s (1984) hypothesis that Ab specificity is due to 

variations in antigenic and immunogenic determinants of HBV; 

1. Serotype variation should be reflected in variation of the structure of the 

particular protein 

2. Several strains of HBV have one serological marker in common (designated 

the a determinant) 

3. Since all three serotypic markers map to the HBsAg polypeptide, they 

compared AA sequences of the HbsAg proteins from three strains of HBV in 

order to get an idea of which portions of this polypeptide might be responsible 

for the serotypic variation (AA sequences deduced from nucleotide sequences 

of the S genes of HBV (Gailbert et al 1979; Pasek et al 1979; Valenzuela et al 

1979). 

4. Most of the 19 positions that varied among the three strains were scattered 

throughout the 226-residue sequence, but six changes were clustered in a 21 

residue region (AAs 114-134), thereby suggesting that this region might be a 

candidate for encoding at least one of the serotypic determinants. 
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1.3.8.2. VPl as the Serotyping Antigenic Determinant 

The neutralizing immune response to E^MDV infection appears to be primarily 

directed against VPl. This was determined through studies in which Strohmaier et al. 

(1982) showed that treatment of FMDV with trypsin cleaves only VPl yet abolishes the 

protective immunogenicity of the viral particle. The following list of fmdings, gathered 

from Shinnick et al. (1984), provides further evidence implicating VPl of FMDV as the 

serotyping antigenic determinant and the where the neutralizing immune response is 

located; 

1. Analysis of immunogenicity of protein fragments derived from VP 1 by 

chemical or enzymatic cleavage showed that fragments containing residues 

fi'om regions 145-154 and 200-213 elicited neutralizing Abs (Strohmaier et al 

1982). 

2. AA sequence comparison of several VP 1 s revealed that sequence variation 

among the VP Is from viruses of different serotypes clustered in the regions of 

residues 130-160 and 190-213 (Kleid et al 1981; Kurz et al 1981, Bittle et al 

1982, Boothroyd et al 1982). 

3. Peptides were synthesized corresponding to the presumptive immunogenic 

regions and use as a blueprint the amino acid sequenc of VPl of the serotype 

O, subtype I, strain Kaufbeuren FMDV. 

4. Antipeptide sera were found to mimic the subtype specificity of antivirus sera 

and this suggests that at least a portion of the key immunogenic determinants 

for subytpe specificity must lie within residue 141-160 of VPl. 



72 

Peptides can mimic the serotypic differences between virus strains, and the results 

suggest that rather subtle changes in the AA sequence of a protein can have profound 

effects on its immunogenicity and antigenicity, and on the availability of a virus to escape 

a neutralizing immune response (Shinnick et al. 1984). 

Regarding human enteroviruses, VPl is a capsid protein located mainly at the 

virion surface, which makes a large contribution to the formation of neutralization 

antigenic sites (Caro et al. 2001). Due to this, the VPl genome encoding region has been 

used to investigate the molecular evolution of poliovirus (Kew et al. 1995), to determine 

poliovirus genotypes (Balanant et al. 1991), and to develop poliovirus serotype specific 

PGR primers (Kilpatrick et al. 1998). Also, the nucleotide sequence of VPl has been 

shown to correlate to enterovirus serotypes (Oberste et al. 1999), which may allow the 

development of molecular diagnostic serotype-specific enterovirus identification (Caro et 

al. 2001). 

The neutralizing immune response to poliovirus (PV) infection also appears to be 

primarily directed against VPl (Minor et al. 1983, Chow et al. 1984). Schild et al. (1984) 

identified an eight AA sequence of PV VPl that was recognized as a major antigenic site 

involved in virus neutralization and type specificity. Of over 200 PV mutants tested, the 

16 neutralizing antibodies they had in their repertoire reacted with epitopes specified by 
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the same eight AA region of VP I. Utilizing MAbs, PV mutants with identical point 

mutations could by isolated by MAb selection. 

Although AA substitutions are involved in virus neutralization and type 

specificity, base substitutions are ultimately responsible, with less than 10 base 

substitutions being responsible for changes in virulence, strain differences, and 

phenotypic presentation of VPl. Schild et al. (1984) note in their report that virulence is 

critically affected by changes in one to three codons of PV, attenuation of the Leone virus 

to produce the Sabin vaccine strain of PV is brought about by ^ 10 point mutations, and 

that a single base substitution may be responsible for the attenuation of the phenotype of 

the PV vaccine strain. 

1.3.8.3. Immune Response To Serological Determinants 

Shinnick et al. (1984) proposed the following question; "It seems reasonable to 

expect that two AA changes in a short oligopeptide should have a profound effect on the 

specificity of the elicited Abs, but why should a rather subtle change in a large protein 

(e.g., 2 out or 213 AA for the VPl of FMDV subtype 12-strians) dramatically alter Ab 

binding in such a way that might allow the entire virus to escape a neutralizing immune 

response?" In response to this question, the following examples from Shinnick et al. 

(1984), provide the evidence to support how a subtle change in a large protein may allow 

the virus to escape a neutralizing immune response; 
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1. Not all portions of protein are equally immunogenic in that proteins display 

immunologically dominant, recessive, and silent regions. 

2. More than 95% of the Abs elicited by the globular protein myoglobin bind to five 

discrete regions of the protein that comprise less than 25% of the protein 

sequence. 

3. Although Ab binding to the virus surface appears to be required for neutralization, 

its not sufficient. 

4. Neutralizing Abs affect a domain of the protein that is functionally or structurally 

important in virus infection, (e.g. Neutralizing Abs might sterically block 

infection by binding to the viral protein that binds to the cell receptor - appear to 

be a subset of the protein's immunogenic sites, since only a fraction of a battery 

of monoclonal Abs elicited by the surface glycoprotein of a murine retrovirus was 

capable of neutralizing the virus, perhaps suggesting that only a portion of the 

surface-accessible immunodominant sites might elicit Abs capable of neutralizing 

virus.) 

5. Only one or two sites are important for eliciting neutralizing Abs. Therefore, only 

a few AAs need to be changed in order to alter serotype specificity. 

6. Rowlands et al. (1983) predicted the structure of the two VPls that display AA 

differences at residues 148 and 153, where both viruses were predicted to form 

alpha-helices in the region of 141-160 of VP 1, but of different lengths. For the 

VPl of the serotype A, subtype 12, strain 119-A, residues 150-159 are predicted 
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to form an alpha-helix (about 1 helical turn shorter than the corresponding region 

of the serotype-O VP!), whereas only residues 154-159 of the VPl of the serotype 

A, subtype 12, strain 119-USA are predicted to form an alpha-helix due to the 

presence of a helix-disrupting proline at residue 153. Possibly, it is this major 

variation in secondary structure that is at least partly responsible for the dramatic 

differences in neutralization titers between these strains and possibly even 

between serotypes. 

7. Local secondary structure, such as the substitution of a polar residue for a 

hydrophobic residue, could also be dramatically ahered by other changes in 

sequence, which may lead to the exposure of previously buried residues. 

a. Phenylalanie at AA 148 of strain 119-USA is replaced with serine in strain 

119-A (Rowlands et al. 1983). 

b. The substitution of a charged residue such as lysine for a polar residue 

such as threonine could greatly alter Ab affinity. Other changes such as 

leucine for phenylalanine may account for a portion of strain specificity of 

neutralization. 

Portions of viral surface proteins may have the ability to elicit antibodies, to react 

with Abs in solution when present in intact virus, and to block a required step in virus 

infection when bound by Ab (Shinnick et al. 1984). Alterations in the AA sequence of a 

key-neutralizing site (which could appear quite minor when the protein sequence is 
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viewed as a whole) may dramatically afTect Ab binding to the site and hence alter 

serotype specificity (Shinnick et al. 1984). 

For diagnostic purposes, generally non-neutralizing MAbs appear to be more 

useful because they are possibly directed against epitopes that are more broadly 

conserved among isolates (Winton and Einer-Jensen 2002). Alternately, neutralizing 

MAbs are typically directed against exposed epitopes on a viral protein, which are 

putatively subjected to selective pressures and may vary greatly among different isolates 

(Winton and Einer-Jensen 2002). Non-neutralizing MAbs have been created and utilized 

for the identification, characterization, and serotypic analysis of viral hemorrhagic 

septicemia (VHS) isolates in salmonids (Winton and Einer-Jensen 2002). In relation to 

TSV, the TSV MAb 1 Al may possibly be equivalent to a neutralizing Ab because the 

region on VPl that TSV MAb I Al binds to is a putative exposed epitope on the surface 

of VPl, based upon hydrophilicity and protein analysis testing, and the AA sequence 

corresponding to the putative epitope differs among the TSV isolates (Appendix 3, this 

dissertation). 
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1.3.9. TSV Electropherotype and 'Serotype* Designations 

As reported in this dissertation (Appendix 3, 4), there are at least three distinct 

electropherotypes and 'serotypes' of TSV, with electropherotype A (TSV Etpye-A) and 

serotype A (TSV-A) representing those TSV isolates conforming to the VPl properties of 

the Hawaiian 1994 TSV isolate (HI94TSV), electropherotype B (TSV Etpye-B) and 

serotype B (TSV-B) representing those TSV isolates conforming to the VPl properties of 

the Sinaloan 1998 TSV isolate (SIN98TSV), and electropherotype C (TSV Etpye-C) and 

serotype C (TSV-C) representing those TSV isolates conforming to the VPl properties of 

the Belize 2002 TSV isolate (BLZ02TSV). TSV-A can be divided into two subtypes 

based upon antigenic and genetic data. TSV-A subtype I will include HI94TSV and 

TSV-A subtype 2 will include the Mexico 1999 TSV isolate (MX99TSV) and the Sonora 

2000 TSV isolate (SON2KTSV). No subtypes will be assigned to TSV-B or TSV-C until 

additional TSV isolates representative of TSV-B or TSV-C, but differing from 

SIN98TSV or BLZ02TSV, respectively, in antigenic and genetic data, are identified. At 

which time, SIN98TSV will be designated TSV-B subtype 1 (Appendix 3, this 

dissertation) and BLZ02TSV will be designated TSV-C subtype 1 (Appendix 4, this 

dissertation). 



78 

CHAPTER II. PRELIMINARY STUDIES 

Presented in the following two sections are the detailed descriptions of the 

background information, methodology, results, and discussions of the conclusions 

reached during these preliminary studies. 

Histologically, the general health status of a shrimp may be ascertained by the 

vacuolization of the hepatopancreas (lipid content). This hepatopancreatic vacuolization 

is an indication of nutrient absorption and digestion. The percent lipid determination 

study (section 2.1) was explored as a possible method to discern the general health and/or 

disease status of shrimp. The data was determined to limiting but the linear regression 

equations were concluded to be good to estimate general lipid levels. This data may also 

be a good indicator of some diseases in which HP lipid levels are dramatically affected, 

such as NHP, vibriosis, and aflatoxicosis, but not a complete indicator of general shrimp 

health. 

The TSV vertical transmission study (section 2.2) was conducted in an attempt to 

elucidate the mechanism of transmission of TSV to penaeid shrimp offspring from 

broodstock chronically infected with TSV by utilizing RNA extraction coupled with 

reverse transcription - polymerase chain reaction (RT-PCR). Due to the fact that TSV 

was confirmed in the initial population screening, but not able to be confirmed by 

molecular methods in the broodstock samples, we can only state that the broodstock 
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samples presented LOS indicative of chronic phase TSV. The continuation of spawn and 

feces samples analysis by RT-PCR at the present time would be futile without RT-PCR 

TSV confirmation in the broodstock samples. This TSV vertical transmission study is 

offered in this dissertation as a model for future TSV vertical transmission studies upon 

such time as a chronic phase TSV-infected broodstock population can be obtained. 

2.1. PERCENT LIPID DETERMINATION 

2.LI. Lipid Extraction 

There are three types of lipids; 1) simple - which are the fatty acid esters, 2) 

compound - which are the neutral fats and sterols and 3) pseudo - which are vitamins A, 

•2, D3, E and K, Carotene, and the sex and adrenal gland products (Deuel 1955). All 

lipids are soluble in ether and are known as "ether extract" and the ether extract 

coefficient of variation is 15% (e.g. x ± 15%; Crampton 1956). 

The chloroform-methanol lipid extraction method, which could be used with wet 

tissue samples (Lovell 1975) and would be able to be adapted to the analysis of shrimp 

HPs, was chosen as the lipid extraction method of choice for reasons of practicality for 

farm application. 
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Next, a sucrose gradient was developed in which to drop the individually 

harvested HPs into. The lowest % sucrose that the HP floated in would be recorded. The 

hypothesis was that for each HP I could individually determine the % lipid concentration 

and correlate that to the % sucrose the HP floated. With this data from numerous shrimp 

HP samples, regression analysis was conducted and this analysis generated a regression 

equation in which to apply ftirther samples to. 

Once the methods were determined, the preliminary study was completedusing 

four species of penaeid shrimp, either laboratory reared or farm raised, and either fresh 

HPs or 10% formalin fixed HPs. 

2.1.2. Percent (%) Sucrose Flotation Vs. % Lipid Hepatopancreas Content Study 

2.1.2.1. Objective 

The objective of this study was to determine the lowest % sucrose density a 

penaeid shrimp hepatopancreas (HP) will float at and its corresponding % lipid content. 

Based upon these findings, a linear regression equation was derived to apply to future 

penaeid shrimp HPs, either fi'esh or fixed in 10% formalin. Once the lowest % sucrose 

density is determined for a HP, it can then be used in the linear regression equation to 

determine the % lipid content of said HP. 
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2.1.2.2.Method 

Five different groups (sources) of healthy penaeid shrimp were utilized; Of. 

vannamei (recirculating tank system reared, WCAC, University of Arizona, fresh HPs, n 

= 5); 2) P. vannamei and P. setiferus (pond reared, Tasiota, MX, formalin fixed for both 

% sucrose flotation and % lipid determination, n = 3); 3) P. vannamei (pond reared, case 

# 97-309 B, fresh HPs for sucrose flotation, formalin fixed for % lipid determination, n = 

21); 4) P. stylirostris (pond reared, case # 97-309 A, fresh HPs for sucrose flotation, 

formalin fixed for % lipid determination, n = 23) and 5) P. monodon (pond reared, case # 

97-252, fresh HPs for sucrose flotation, formalin fixed for % lipid determination, n = 13). 

Sucrose gradients were made utilizing 100 ml of sterile MilliQ water per gradient. 

Percent sucrose levels were manufactured by adding the equivalent sucrose gram weight 

into solute to produce the desired gradient (e.g. 2.5% sucrose gradient = 100 ml MilliQ 

water + 2.5 g sucrose). Sucrose gradients employed (10 ml sucrose solution in 20 mi 

vials) ranged from 0.0-30.0% in 2.5% increments, except for source five in which 1% 

increments were utilized. 

Shrimp HPs were excised and weighed. Fresh or formalin fixed HPs were then 

dropped into the sucrose gradients from lowest to highest % until the FfP flotation was 

observed. HP % sucrose flotation is defined as the lowest % sucrose gradient in which 

the HP would float anywhere in the upper half of the vial. After % sucrose flotation was 
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determined, HPs were fixed in formalin, returned to formalin, or kept fresh and pooled 

according to % sucrose flotation levels. 

Fixed or fresh HPs were returned to the University of Arizona laboratory for % 

lipid determination. Lipid percentage was determined using a chloroform-methanol 

extraction method derived from R.T. Lovell's Laboratory Manual for Fish Feed Analysis 

and Fish Nutrition Studies, Lipid; Chloroform-Methanol Method, 1975. 

Lipid: Chloroform-Methanol Extraction Method 

Comments: This method is to be used with wet tissue where only lipid and moisture 

percentages are to be determined, allowing quantitative determination, while 

eliminating drying. 

Reagents: Absolute Methanol, Chloroform, and MilliQ water. 

Procedure: (for wet penaeid shrimp hepatopancreata tissue) 

I. Weigh as close to Ig of wet fixed or fresh HP tissue, record accurate weight, 

and place into tissue homogenizer tube. 
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2. Determine amounts of reagents to be used based on the following ratio for 

step 3; Ig HP sample; 1ml chloroform: 2ml absolute methanol; 0.05ml MilliQ 

water 

3. Add X ml chloroform, X ml absolute methanol, and X ml MilliQ water. 

Homogenize tissue for 2 min. 

4. Determine amounts of reagents to be used based on the following ratio for 

step 5; Ig HP sample; I ml chloroform; 1ml MilliQ water. 

5. Add X ml chloroform and homogenize tissue for 15 sec. Add X ml MilliQ 

water and homogenize tissue for another 30 sec. 

6. Transfer mixture to 50ml centrifuge bottle and centrifuge for 10 min at 3,000 

rpm. 

7. There should be three clearly defined phases; 1) chloroform phase (bottom) 

containing lipids, 2) HP phase (center), and 3) methanol-water phase (top). 

Determine amount of aliquot to be removed from the chloroform phase based 

on the following ratio for step 8; Ig HP sample; 0.20ml aliquot from the 

chloroform phase. 

8. Remove X ml aliquot from the chloroform phase. Save the remainder of 

material in centrifuge bottle for moisture determination. 

9. Place aliquot in a tared beaker (10-50ml) and place the beaker in a hot water 

bath to evaporate chloroform or allow to dry overnight under a hood. 

10. After evaporation of chloroform, transfer beaker to 80 C oven to dry for one 

hour. Remove beaker and place in desiccator or 4 C cold room to cool. 
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11. Weigh beaker and lipid. Subtract beaker's tare weight to determine lipid 

weight. 

Total lipid = Weight of lipid in aliquot X vol. of chloroform used 

Vol. of aliquot 

% lipid = Total lipid X 100 

Wt. of sample 

12. After removal of aliquot of chloroform, withdraw and discard as much of the 

methanol-water phase as possible without disturbing the HP phase. 

13. Transfer remaining contents of the centrifuge bottle into a tared beaker (10-

SOml). RJnse the bottle with chloroform to remove any HP tissue that may 

have adhered to the sides. 

14. Evaporate remaining chloroform and methanol under a hood overnight. Place 

beaker in 80 C oven to dr>' for one hour. Cool in desiccator or cold room (4 

C) and weigh. Subtract beaker tare weight to determine HP dried weight. 

% Moisture = Original Wt of HP - dried wt of HP X 100 

Original Wt of HP 

Data were analyzed using SPSS 7.0 for windows. 



85 

2.1.2.3. Results 

From the data obtained from all five sources (Figs. 2.1 - 2.6), a linear regression 

equation was derived for all sources, each source individually, and for P. vannamei 

sources 1 and 3. The linear regression equations are as follows; 

All sources: y 

Source 1: y 

Source 2: y 

Source 3: y 

Source 4: y 

Source 5; y 

Sources 1&3; y 

= 55.95- 1.24X 

= 96.20-3.4 IX 

= 97.12-6.57X 

= 54.49 - 0.86X 

= 43.33 -0.27X 

= 53.24- 1.49X 

= 61.18- 1.60X 
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HP% Sucrose Vs. Hp% Lipid 
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Figure 2.1. Representation of linear regression equation (y = 96.20 - 3.4 IX) derived 

from WCAC P. vannamei, fresh HPs (n = 5), including the fit line and 95% 

confidence interval markers. Data points are represented by small boxes. 
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HP% Sucrose Vs. Hp% Lipid 
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Figure 2.2. Representation of linear regression equation (y = 97.12 - 6.57X) derived 

from Tasiota P. vannamei and P. setiferus, 10% formalin fixed (n = 3), including 

the fit line and 95% confidence interval markers. Data points are represented by 

small boxes. 
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HP% Sucrose Vs. Hp% Lipid 
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Figure 2 J. Representation of linear regression equation (y = 54.49 - 0.86X) denved 

from pond reared P. vannamei, fresh HPs for sucrose flotation, formalin fixed for 

% lipid determination (n = 21), including the fit line and 95% confidence interval 

markers. Data points are represented by small boxes. 
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Figure 2.4. Representation of linear regression equation (y = 43.33 - 0.27X) derived 

from pond reared P. stylirostris, fresh HPs for sucrose flotation, formalin fixed 

for % lipid determination (n = 23), including the fit line and 95% confidence 

interval markers. Data points are represented by small boxes. 
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HP% Sucrose Vs. Hp% Lipid 
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Figure 2.5. Representation of linear regression equation (y = 53.24 - 1.49X) derived 

from pond reared P. monodon, fresh HPs for sucrose flotation, formalin fixed for 

% lipid determination (n = 13), including the fit line and 95% confidence interval 

markers. Data points are represented by small boxes. 
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HP% Sucrose Floatation vs. HP% Lipid 

70-

60-

40-1 

30 

20 

Q 10-

a. 

0 5 8 10 13 18 20 25 20 3 15 23 

SUCROSE 

Figure 2.6. Representation of linear regression equation (y = 55.95 - 1.24X) derived 

from all five sources (n = 64), including the fit line and 95% confidence interval 

markers. Data points are represented by small boxes. 
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2.1.2.4. Discussion 

Five sources/farms participated in this study. When analyzing all sources together 

the linear regression was; y = 55.95 - 1.24X. All sources produced a similar linear 

regression lipid curve, regardless of the HPs being fresh or fixed for % lipid 

determination. 

The first four sources used a 2.5% sucrose gradient, whereas source 5 utilized a 

1% sucrose gradient. Possibly wider sucrose gradient increments, such as 5%, would 

give a better estimate for the HP lipid content of different animals in a pond and between 

ponds. 

All sources also had a wide spread variation between and within % sucrose 

flotation groups (Fig. 2.6). Therefore, these data may be limiting but are good to estimate 

general lipid levels. This data may also be a good indicator of some diseases in which 

HP lipid levels are dramatically affected, such as NHP, vibriosis, and aflatoxicosis, but it 

may not be a complete indicator of general shrimp health. 
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2.2. TSV VERTICAL TRANSMISSION 

During my 3^** year in residence, a rare opportunity arose in which a potential stock 

of chronic phase TSV-infected P. vannamei broodstock population was brought to my 

attention by Martha Zarain-Herzberg (a Ph.D. student a the Centro Ciencias de Sinaloa, 

Mazatlan, Mexico), with whom I had been in contact regarding the possibility of 

obtaining some TSV isolates from her for my dissertation studies. As I had expressed 

previous interest in investigating the mode of transmission from broodstock to offspring, 

but it was not originally part of my dissertation, I was fortunate enough to have a mentor 

and committee that allowed me to pursue the possibility of TSV vertical transmission to 

whatever ends it may have lead. And so, after obtaining permission from Maricultura del 

Pacifico, SA de CV, Mazatlan, Mexico, I began the investigation into TSV vertical 

transmission. 

2.2.1. Background 

Infection mechanism experiments have shown that Penaeus monodon-type 

baculovirus (MBV) and Bacidovirus penaei (BP) are transmitted, in hatcheries, from 

infected adult broodstock to larvae by fecal contamination (Chen et al. 1989, Chen et ai 

1990, Johnson and Lightner 1988, Lightner 1996a, Natividad and Lightner 1992, 

Overstreet etai 1988, Spann and Lester, 1996). Infection of spawned eggs or nauplii by 

fecal contamination may be prevented by thorough cleaning and disinfection of the eggs 
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or larvae by washing fertilized eggs/nauplii using clean sea water, dilute formalin, and 

iodophor solutions (Chen et al. 1990). 

It is speculated that TSV may be transmitted, by an unknown mechanism, to 

fertilized eggs and/or nauplii by adhesion of TS virions to the eggs/larvae. Therefore, 

cleaning and disinfection of eggs/larvae as described by Chen et al. (1999) may prevent 

TSV infection of larvae. Therefore, it is imperative to determine whether TS virions are 

transmitted, from broodstock, by adhesion to the fertilized eggs and/or spawn in order for 

hatcheries to take appropriate preventive measures. 

2.2.2. Objective 

The TSV vertical transmission project was based on the hypothesis that; 1) TSV 

remains persistent in the lymphoid organ (LO) of chronically infected penaeid shrimp, by 

way of repetitive cycles of infection of cells in the LO occurs resulting in cycles of 

viremia where virus may be transported to the gut by diapodesis of infected hemocytes, 

2) TSV viremia resuhs in virus being present in the spawning fluids and 3) TSV is 

transmitted fecal-orally and mechanically attaches onto spawned eggs and nauplii. 

The objective of the study was to elucidate the mechanism of transmission of 

TSV to penaeid shrimp offspring from broodstock chronically infected with TSV by 



95 

utilizing RNA extraction coupled with reverse transcription - polymerase chain reaction 

(RT-PCR). 

2.2.3. Screening of Broodstock to Assess Disease Status 

Since Ms. Zarain-Herzberg was stationed in Mazatlan, her portion of the study 

was to complete the initial screening of the population to determine if the P. vannamei 

broodstock, located at Maricultura del Pacifico SA de CV, were indeed chronic phase 

TSV-infected. 

During the initial screening of the population (UAZ case # 00-379), positive 

reactions to TSV in situ hybridization (ISH) and detection of lymphoid organ spheroids 

(LOS), via routine Harris hematoxylin and eosin (H&E) histology, were recorded, 

diagnostic for chronic phase TSV infection (Table 2.1). 

2.2.4. Experimental design 

The design of the vertical transmission experiment and sample collection protocol 

to elucidate the potential mechanism of TSV vertical transmission was my responsibility 

in this collaboration, and is detailed below. I went to Mazatlan, Mexico to meet Ms. 

Zarain-Herzberg to perform the matings and spawnings and obtain samples from P. 
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vannamei broodstock and their spawn (via natural fertilization and artificial insemination 

(AI) from the suspected TSV epizootic study at Maricultura del Pacifico SA de CV's 

maturation facility, which spanned four days from January 13-16, 2001. Samples 

collected included feces from spawning females; eggs pre-wash, eggs post-wash, eggs 

post iodine wash; nauplii; and fixed samples of females (and males from Al). 

2.2.4. l.Spawning and Sample Collection 

Three maturation tanks of TSV-infected broodstock (35 females and 45 males 

each, maintained by Maricultura del Pacifico hatchery technicians) at the shrimp hatchery 

were induced to spawn (one mated female per spawning tank) following standard 

methods (Wyban and Sweeney 1991). Feces from the spawned female were siphoned out 

of the spawning tank and fixed in 95% ETOH for RT-PCR analysis. Spawned 

eggs/nauplii were collected from each tank following standard methods outlined by 

Wyban and Sweeney (1991). A sample of spawn (5ml) was collected from each tank 

prior to washing with running seawater, as outlined by Chen et al. (1990). The remaining 

spawn (eggs/nauplii) were washed with running seawater (30 ppt) for 5 min to remove all 

fecal debris and passed through soft gauze with a pore size of 100 ^m to collect 

eggs/nauplii (Chen et al. 1990). A sample of spawn (5 ml) was collected from each tank 

group after the first wash (Chen et al. 1990). The remaining spawn (eggs/nauplii) was 

washed with 25 ppm active iodine for 10 min to remove any adhesive viral particles and a 

sample of spawn (5 ml) was collected from each tank group after the final wash (Chen et 
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al. 1990). All offspring samples were fixed in 95% ETOH for RNA extraction and TSV 

RT-PCR analysis (Nunan et al. 1998). All sampling equipment was disinfected with 5% 

chlorine between each sample. 

Hemolymph was collected from each corresponding male and female per mated 

pare per spawning tank using a 1 ml syringe fitted with a 25 g needle inserted into the 

sinus located beneath the coax segment of the third pereiopod. Approximately 0 .5 ml of 

hemolymph was collected from each specimen. Following standard methods (Bell and 

Lightner 1988), the males and females were then fixed in Davidson's AFA (acetic acid, 

formalin, alcohol) for routine processing, H&E histology and in situ hybridization with 

TSV specific gene probes (Hasson et al. 1997). Males were only fixed if used from Al 

matings, not from natural matings. 

2.2.4.2. Histopathology and in Situ Hybridization Analysis 

Routine H&E histological analysis (Lightner 1996) of sampled mated pairs 

colleaed post-spawning; offspring pre-washed, seawater washed, and iodine washed was 

conducted. Serial sections were analyzed by in situ hybridization using TSV specific 

gene probes. 
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2.2.4.3. RNA Template 

Hemolymph from the broodstock was used directly for TSV RT-PCR following 

standard methods (Lightner 1996; Nunan et al. 1998). Extraction of RNA was conducted 

from pre-washed, seawater washed, and iodine washed egg/nauplii from each spawning 

event using the High Pure™ RNA Tissue Kit (Roche Molecular Biochemicals, 

Indianapolis, IN) according to the manufacturer's protocol. 

2.2.4.4. RT-PCR 

Two oligonucleotide primers (9195 and 9992) were used in diagnostic TSV RT-

PCR amplification according to Nunan et al. (1998). 

2.2.5. Results 

The initial routine histological (Harris H&E staining and in situ hybridization 

with TSV specific gene probes) results from the processed broodstock and offspring 

samples are detailed in Table 2.1. Preliminary results from these broodstock samples 

resulted in TSV pathognomonic lesions detected by routine H&E histology, but this 

could not be confirmed by TSV ISH. RNA was extracted from the hemolymph of 

corresponding broodstock samples, and TSV RT-PCR of RNA extracts resulted in TSV 

not being detected by TSV RT-PCR. 
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Table 2.1. Detail of routine histological (Harris H&E and TSV gene probe) results 

(UAZ case # 01-008) from vertical transmission study samples collected at 

Maricultura del Pacifico S.A. deC.V., Mazatlan, Sinaloa, Mexico. 

Female 
samples: 
Paraffin block 

ID Tag Principal histology diagnosis In situ 
hybridization 
with TSV 
specific gene 
probes 

A/A 99 Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

B/A 579 Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

C/A 521 Melanized lesion in HP 
Spheroid formation In LO 

Not Detected 

D/A 390 Melanized lesion in HP Not Detected 
E/A 491 Melanized lesion in HP 

Spheroid formation in LO 
Not Detected 

F/A 518 Normal Not Detected 
G/A 591 Normal Not Detected 
H/A 318 Spheroid formation in LO Not Detected 
I/A 307 Hemocytes infiltration Not Detected 
J/A 72 Spheroid formation in LO Not Detected 
K/A 583 Melanized lesion in HP 

Spheroid formation in LO 
Hemocytic infiltration 

Not Detected 

L/A 397 Normal Not Detected 
M/A No ID tag 

(-) Control 
Normal Not Detected 

N/A No ID tag 
(-) Control 

Normal Not Detected 

0/A No ID tag 
(-) Control 

Melanized lesion in HP Not Detected 

P/A 582 Spheroid formation in LO Not Detected 
Q/A 502 Hemocytes infihration 

LO vacuolization 
Not Detected 

R/A 524 Normal Not Detected 
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Table 2.1 (continued). Detail of routine histological (Harris H&E and TSV gene 

probe) results (UAZ case # 01-008) from vertical transmission study samples 

collected at Maricultura del Pacifico S. A. de C. V., Mazatlan, Sinaloa, Mexico. 

Male samples: 
Paraffin block 

ID Tag Principal histology diagnosis /it situ 
hybridization 
with TSV 
specific gene 
probes 

A/B 248 Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

C/B 236 Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

D/B 520 Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

Y/B 532 Not significative Not Detected 
W/B 237 Melanized lesion in HP 

Spheroid formation in LO 
Not Detected 

X/B No ID tag Melanized lesion in HP 
Spheroid formation in LO 

Not Detected 

2.2.6. Discussion 

Initial screening of the Maricultura de Pacifico S A de CV P. vannamei population 

confirmed the presence of chronic phase TSV by routine H&E histology and TSV ISH. 

Therefore, this population was chosen for the TSV vertical transmission study sample 

collection described above. After tagging of the population, samples of feces, spawn, and 
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broodstock were collected according the experimental protocol (UAZ E03-01). 

Lymphoid organ spheroids, indicative of a chronic infection, were detected in the 

broodstock samples analyzed by routine H&E histology, however TSV was not detected 

by TSV ISH in corresponding tissue sections and was not detected by routine TSV RT-

PCR from extracted RNA derived from corresponding hemolymph samples. The positive 

controls samples tested concurrently with the experimental samples for the TSV ISH and 

TSV RT-PCR reacted positively for TSV; therefore, there was not a problem with the 

TSV analysis methodologies. Possibly, the TSV broodstock group sampled was not the 

identical population that was screened, as the animals were not tagged at the time of 

initial screening. Another hypothesis to explore is the likelihood that the shrimp that 

spawned were not TSV positive and therefore hearty enough to spawn, whereas the 

shrimp, within the population, that were TSV positive were not hearty enough to spawn 

and therefore were self-selected out of the collected samples. 

As fiilly explained in Appendix 1, TSV ISH employs TSV specific gene probes 

PIS and QI used together as a cocktail (OIE 2000), with Q1 spanning a region at the 3' 

end of the first open reading frame (ORF) and PIS spanning a region beginning in the 

first ORF and ending in the second ORF in VP2 (Appendix 1: Table 2, Fig I). Routine 

diagnostic TSV RT-PCR (OIE 2000) produces a 231 bp fragment amplified by primers 

919S and 9992 (Nunan et al. 1998). The nucleotide sequence comprises a portion of the 

VP2 structural protein region of the TSV genome (Appendix 1: Table 2, Fig I). Since all 

four TSV isolates presented in Appendix 1 were able to be detected by both TSV ISH and 



102 

routine TSV RT-PCR, I do not believe that the lacic of detection of TSV in the shrimp 

sampled during the spawning trials (a subpopulation of the initial TSV positive 

broodstock population) was due to a TSV strain difference, but due to the fact that those 

randomly selected shrimp were not infected with TSV at detectable levels by routine 

TSV diagnostic methods. 

Presently aquaculture researchers and industry members do not fully understand 

the mechanism of TSV chronic phase. It is possible, in speculation, that TSV is able to 

hide undetected by the shrimp immune system and is not consistently shed into the 

hemolymph. Therefore, the hemolymph samples tested by RT-PCR for the presence of 

TSV may not be indicative of the presence or absence of TSV within the shrimp tissues 

for these broostock samples. Due to the fact that TSV was confirmed in the initial 

population screening by TSV ISH, but not confirmed by TSV ISH or TSV RT-PCR in the 

subpopulation sampled broodstock, we can only state that the initial population 

broodstock samples chronic phase TSV infected, but the shrimp collected during the 

spawning trials (subpopulation of the initial population) were not TSV infected. Since 

TSV was not able to be confirmed in the broodstock samples by molecular methods (TSV 

ISH and TSV RT-PCR), the continuation of spawn and feces samples analysis by RT-

PCR at the present time would be futile without RT-PCR TSV confirmation in the 

broodstock samples. 
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CHAPTER III. PRESENT STUDIES 

Presented in three manuscripts appended to this dissertation, are the detailed 

descriptions of the background information, methodology, results, and discussions of the 

conclusions reached during these studies. A condensed version of the primary relevant 

fmdings reported in each manuscript follows below. 

Appendix I. (Submitted as a research note- Journal of the World Aquaadture 

Society) The manuscript reports differences in survival following TSV challenge (to the 

reference strain of the virus. Hawaii 1994) via feeding (per os) or injection of small 

juveniles from a TSV susceptible P. vannamei line, a TS resistant line of P. vannamei, 

and P. styiirostris, in the absence of horizontal or environmental viral transmission. The 

results demonstrate that the increase in TS severity via TSV injection, as compared to per 

OS TSV exposure {P < 0.001), occurs in innately resistant P. styiirostris and in both SPF 

and SPR P. vannamei-, and suggest that P. styiirostris is significantly {P < 0.001) more 

resistant to per os TSV infection and presentation of TS disease than either SPF or SPR 

P. vannamei. The results obtained experimentally document previous anecdotal 

knowledge on the apparent differences in TS resistance between P. vannamei and P. 

styiirostris, and they suggest that some factor or factors present in the gut of P. 

styiirostris mediate the resistance. 
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Appendix 2. (In press as a research article- Diseases of Aquatic Organisms) 

The manuscript describes the analysis and report of TSV strain differences using well-

established diagnostic methods for TSV and discusses the implications of these results 

with respect to the antibody-based diagnosis of TSV infections. Detection formats are 

compared which demonstrate the limitations of the antibody-based methods. Several 

monoclonal antibody-based methods (using the only available TSV MAb) were tested to 

assess the ability of the TSV MAb to recognize and detect the presence of four TSV 

isolates. The TSV 1A1 MAb consistently failed to recognize one of the four TSV 

isolates, specifically the Sinaloa 1998 TSV isolate (SIN98TSV), indicating that the 

difference in isolate SIN98TSV is within VP 1, the target for MAb 1 Al. The amino acid 

(AA) sequence of the three TSV isolates' VPl has a 98% homology with the reference 

Hawaii 1994 TSV isolate VPl. A span of 12 AAs are identified in SIN98TSV VPl 

containing significant AA substitutions which may account for a conformational change 

of the antigenic epitope sufficient to prevent MAb I Al from binding. I believe that the 

demonstration of a TSV strain difference, identified by recognized TSV 1 Al MAb-based 

diagnostic methods, and the diagnostic implications of these findings represent an 

important finding as it relates to the detection of a newly emerged strain of TSV and its 

differentiation from other strains of the virus. 

Appendix 3. (To be submitted as a research article — Diseases of Aquatic 

Organisms) The manuscript describes the report of a novel variant of TSV in Mexico via 

viral structural protein composition and hydrophilicity analysis coupled with beta turn 
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prediction, nucleotide and derived amino acid (AA) sequence analysis, and serotypic 

analysis of TSV products from purified virions isolated from acute phase tissue; confirms 

possible problems in detecting TSV strains, and dictates the assignment of 

electropherotype and 'serotype' designations for TSV isolates. The results show that 

SIN98TS V is significantly different from other TSV isolates. The putative VP I antigenic 

epitope recognized by TSV MAb 1A1 is identified, with SIN98TSV having 70% 

homology within the 10 AA region. Divergent results were obtained when purified virus 

were analyzed by SDS-PAGE, resulting in two distinct electropherotypes, and analyzed 

by TSV MAb I Al, resulting in two distinct 'serotypes'. I propose that there are at least 

two distinct electropherotypes and 'serotypes' of TSV, with electropherotype A (TSV 

Etpye-A) and serotype A (TSV-A) representing those TSV isolates conforming to VPl 

properties of the Hawaiian 1994 TSV isolate, and electropherotype B (TSV Etpye-B) and 

serotype B (TSV-B) representing those TSV isolates conforming the VP 1 properties of 

the Sinaloan 1998 TSV isolate. 

Appendix 4. (To be submitted as a research article- Diseases of Aquatic 

Organisms) The manuscript describes the analysis of the Belize 2002 TSV strain using 

well-established diagnostic methods for TSV, characterization of the structural viral 

proteins, reports the designation of a third distinct TSV serotype strain differences and 

discusses the implications of these results. The BLZ02TSV VP I, VP2, and VPS were 

compared to The HI94TSV VPl, VP2, and VP3 (TSV serotype A) nucleotide and 

derived amino acid (AA) sequence data and found to have 96, 98, and 100% AA 
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homology to HI94TSV VPl, VP2, and VP3 AA sequence, respectively. In the region 

identified as the putative antigenic epitope recognized by MAb I Al, BLZ02TSV has a 

80% AA homology to HI94TSV in the 10 AA region. By Western blot, immuno-dot 

blot, and immunohistochemistry, the BLZ02TSV purified isolate reacted with TSV 

polyclonal antibody (P Ab). Based upon the MAb positive reaction data of the native 

purified virus via immuno-blot hybridization (consistent with MAb 1 Al binding to TSV 

A VPl), the MAb negative reaction data of the Western blot hybridization and IHC 

(consistent with the lack of binding ofMAb 1 Al to TSV B VPl), and the novel VPl 

properties of the BLZ02TSV 53 kD VPl, differing fi'om the 55 kD VPl properties of 

TSV A or the 51 kD VPl properties of TSV B, I believe we can conclude that 

BLZ02TSV represents a new (third) serotype, TSV serotype C (TSV C). 
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CHAPTER IV. DIAGNOSTIC DATABASE DEVELOPMENT 

For the UAZ Diagnostic Laboratory section of our annual reports to the US 

Marine Shrimp Farming Consortium (USMSFC) regarding diagnostic case data, our 

laboratory had to compile and report on numerous areas and provide numerical statistics 

regarding the years' diagnostic activities. The information reported annually includes; I) 

the number of cases originating from different regions of the world (i.e. Consortium 

members, US Industry, Foreign Americas, Foreign Indo Pacific, etc.) or for different 

purposes (i.e. SPF development or internal research); 2) the number of histology cases, 

PCR. cases, gene probe cases, immunohistochemistry cases, microbiology cases, 

bioassays, and TEM cases performed (including the number of samples processed, 

different stains, diagnostic findings, etc.); 3) and all of these items needed to be able to 

be cross referenced among each other. All of this information was historically compiled 

by hand, going through each case file one by one and extracting the information 

individually. It made for a long and tedious data compilation process. 

Also, anytime a diagnostician or researcher needed to search for similar case to 

what they were working on, this too had to be done by had, case sheet by case sheet, 

book by book; as is the case when I was looking up previous TSV positive cases to 

analyze the case histories, species, sample origins and dates of collection, tissue tropism. 
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previous tests, etc. I just knew there had to be a better way of researching the UAZ 

diagnostic laboratory archives. But how to improve this was not yet clear to me. 

During the spring of 1999 in one of our lab meetings, it war> brought up that we 

needed a better way to access the casebook information for our annual reports and that a 

database would be ideal. A database had been attempted by previous lab members, but 

was never completed and the prototypes were unavailable to continue with. Since 1 knew 

how a database would benefit our entire lab, both the diagnostic and research sectors 

equally, and had a vision for how to make it happen, I volunteered to take on the 

enormous task of creating the case database for our lab. 

Using the current case sheets the diagnostic lab used for checking in cases and 

recording case data, I obtained the Filemaker Pro software program (version 3.0 was the 

only available version at the time) and began the journey into the development of the 

University of Arizona Aquaculture Pathology Laboratory Case Database. During the 

lengthy process of learning the program, designing each of the layouts (with feedback 

from Ms. Rita Redman), writing software scripts, and continually brainstorming what the 

future needs might be for the database, I was still active in the laboratory in research and 

diagnostics. During this time period, I and the other diagnosticians were becoming 

frustrated with trying to find current client information regarding addresses and fax 

numbers (to send final case reports out to the clients), as our rolodex system was horribly 

antiquated for the number of clients and cases we received per year. So, I decided to add 



109 

another database (the UAZ Aquaculture Pathology Diagnostic Laboratory Client Address 

Book) to my task of developing a working database for the lab and link this to the case 

database. A summary of the completed case database and client address book database 

and their functions are found below and the computer screen layouts for each database 

are found in Appendix 4 and 5, respectively. Appendix 6 presents the handouts I prepared 

for the training session I provided to our laboratory regarding the use of the databases. 

The UAZ Aquaculture Pathology Diagnostic Laboratory Case Database (DB) and 

UAZ Aquaculture Pathology Diagnostic Laboratory Client Address Book (AB) are linked 

to work in conjunction with each other. You do not have to have both open to work in 

either the DB or AB, but the DB and AB have buttons which will allow you to open the 

respective other program at the click of a button while working in the other file. 

The AB is used to keep an accurate record of all UAZ Aquaculture Pathology 

Group (UAZAPG) diagnostic clients, including the company name, contact person, 

address, city, state, zip code/postal code, phone, FAX, and email information. The AB 

has four layouts for use. a menu page (used to access the other layouts). Client Address 

Book, Client Phone List, and Envelope (used to print addresses onto envelopes). The AB 

may be searched and sorted to find Client AB information of interest. 

The DB is used to keep an up to date and accurate record of all UAZ Aquaculture 

Pathology diagnostic and research case information. All fields of the official UAZAPG 
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Specimen Data Form and Summary Data sheets for the hard copy Case Books are 

represented in the DB. The DB has six layouts; a menu page (used to access the other 

layouts). Case data. Case Summary Report, Case Diagnostic Findings Table, Case 

Photographs, and Case Address Book (not the same as AB). The DB may also be 

searched and sorted to find Case Data of interest. 

During 2001, our lab purchased FileMaker Pro 5.0 and I updated each of the 

year's database files to work in conjunction with the new software. To date the database 

continues to grow in size of data due to Ms. Rita Redman, who has had the task of 

inputting all of the case data from June 2001 and earlier. Since July 2001, the lab 

members involved in checking in cases, performing diagnostics, and research have all 

been given passwords and are responsible for the input of current data into the DB. Ms. 

Redman continues to oversee the data entry and prepares summaries for the USMSFC 

annual reports. During 2002 I have been training Ms. Redman as to the inner workings 

of the layouts and scripting of the software in order to take over the databases entirely 

upon my departure from the lab, but have promised her that I will be available by phone 

to help put out any fires that she can't put out. But, I know she will do a good job and 

that the database will continue to be an asset to both the diagnostic and research sectors 

of the UAZ Aquaculture Pathology Laboratory! 
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Abstract 

Differences in TSV susceptibility exist among cultured and wild lines of Penaeus 

vannamei and Penaeus stylirostris. although the mechanism responsible for that 

resistance remains unknown. The purpose of this study was to compare survival of 

juveniles of a highly TSV susceptible SPF (specific pathogen free) P. vannamei line, a TS 

resistant P. vannamei line (SPR - specific pathogen resistant), and an innately TS 

resistant (but TSV-free) P. stylirostris line following TSV challenge by feeding (per os) 

or injection methods. The shrimp were housed individually to prevent horizontal 

transmission via cannibalism and/or absorption from the water. TSV exposure via 

injection resulted in an earlier mean mortality (x = 6.20 d) than did per os exposure (x = 

11.38 d) across all three shrimp populations (P < 0.001) and the P. stylirostris group was 

found to have the highest mean survival day (x = 11.87 d) across all TSV treatments (P = 

0.011). Per OS TSV challenge resulted in 100% survival in P. stylirostris. but challenge 

by per os exposure produced significant mortality commencing on about the same post

exposure day in both SPF and SPR P. vannamei (? < 0.001). Challenge by injection of 

TSV resulted in more severe TS infections than per os exposure in SPF P. vannamei. The 

results also demonstrated that the increase in TS severity via TSV injection, as compared 

to per OS TSV exposure fP < 0.001), occurs in both innately resistant P. stylirostris and in 

SPR P. vannamei. Finally, the results suggest that P. stylirostris is significantly {P < 

0.001) more resistant to peros TSV infection and presentation of TS disease than either 

SPF or SPR P. vannamei. The potential roles of the cuticular lining of the stomach and 
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hindgut and unlined portions of the gut in TSV resistance in penaeid shrimp are discussed 

as factors where an explanation might be found for the observed differences between the 

different species and populations of shrimp in TSV susceptibility. 

Introduction 

Taura Syndrome (TS) is reported to occur within approximately 14-40 days of 

stocking Penaeus vannamei postlarvae (PL) into grow-out ponds or tanks in farms or 

regions where TSV is enzootic. The shrimp most often infected with TSV are generally 

small juveniles (0.05 - < 5.0 g) (Brock et al. 1995; Lightner 1996a; Lotz 1997). TSV has 

been reported to cause natural infections in P. vannamei. P. stylirostris. and P. setiferus 

(Overstreet et al. 1997). The same authors reported that TSV virulence in < 0.1 and 5 g 

P. vannamei did not depend on shrimp size. This non-dependence of shrimp size related 

to TSV virulence was corroborated by Lotz (1997) using 2 g juveniles to 30 g adults. 

Although TSV can infect juvenile P. stvlirostris. this species is considerably more 

resistant to disease than similar sized P. vannamei as a result of TSV infection (Brock et 

al. 1995). 

Strategies to reduce the impact of TS have been implemented to prevent further 

economic losses to the disease in the shrimp culture industry in the Americas. Specific 

pathogen-free (SPF) lines of P. vannamei have been selected and bred for TSV resistance 

(Lightner 1996b; Brock et al. 1997; Lightner and Redman 1998). The industry has also 
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selected and bred survivors of natural TSV epizootics (i.e. specific pathogen resistant 

(SPR) P. vannameiV while some culture facilities had turned to innately resistant R 

stvlirostris to combat the impact of TS (Lightner and Redman 1998). 

In the laboratory, experimentally induced TSV infections in P. vannamei and R 

stvlirostris are readily obtained via injection of a homogenate of TSV infected shrimp 

tissue into the abdominal muscles; while in the commercial shrimp aquaculture setting, 

TSV infections are presumed to be acquired orally (per os). Due to the difference in TSV 

transmission in these settings, innate resistance mechanisms may be bypassed when TSV 

infections are induced experimentally by injection. Lotz (1997) demonstrated that 

injection of TSV resulted in more severe infections in P. vannamei than did per os TSV 

exposure, independent of shrimp size. This apparent innate resistance is hypothesized to 

be due to an unknown enteric resistance or defense mechanism. In studies in other 

invertebrate species, which do not posses a specific acquired immunity, such as the fruit 

fly (Drosophila melanoeaster). silkworm (Bombvx moriV armyworm (Spodoptera litura) 

and velvetbean caterpillar (Anticarsia eemmatalis). the gut appears to play an important 

role in first line defense against invasion of viral pathogens (Hukuhara et al. 1986; 

Thomas 1996; Fuxa and Richter 1998; Monobrullah and Nagata 2000). 

The purpose of this study was to compare the survival of small juveniles of a TSV 

susceptible P. vannamei line and TS resistant lines of P. vannamei and P. stvlirostris 

following TSV challenge via feeding (per osl or injection, in the absence of horizontal or 
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environmental viral transmission. This report describes experiments in which we 

experimentally compared the outcomes of TSV challenge by per os and injection routes 

in resistant and susceptible lines of P. vannamei and P. stvlirostris. 

Materials and Methods 

Shrimp 

Shrimp taxonomy as used in this paper is according to Holthius (1980). For virus 

generation and bioassays, specific pathogen free (SPF) Kona stock Penaeus vannamei 

(Wyban et al. 1992), obtained from Ceatech Inc., Kekaha, Kauai, Hawaii, were reared to 

the juveni le  s tage (x  = 0.90 g) .  Specif ic  pathogen resis tant  (SPR) juveni le  (x  = 1-25 g)L 

vannamei with claimed resistance to TS were acquired from a penaeid shrimp 

aquaculture facility in Sonora, Mexico. At the time of the study, juvenile (x = 0.30 g) L 

stvlirostris. marketed as innately TSV resistant, were obtained from a hatchery in Sinaloa, 

Mexico. The P. stvlirostris available for use at the time of this study were smaller than 

the P. vannamei. Qverstreet et al. (1997) reported that TSV virulence in < 0.1 and 5 g P^ 

vannamei did not depend on shrimp size, but no information is available regarding TSV 

virulence and P. stvlirostris size. For the purpose of this study, the size difference among 

the species with regard to susceptibility to TSV infection and subsequent TS disease was 

presumed to be negligible. All three shrimp stocks were maintained according to the 

protocol of Williams et al. (1992). 
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Virus 

The TSV isolate ("Hawaii 1994") selected fortius study originated from a natural 

epizootic in P. vannamei (Tirock et al. 1995). Experimental quantities of TSV-infected 

tissue were obtained by per os exposure or intramuscular injection of SPF P. vannamei 

with minced TSV-infected shrimp tissue or a TSV homogenate, respectively, according 

to the protocols of Hasson et al. (1995). 

Bioassav 

A total of 90 SPF P. vannamei. 90 SPR P. vannamei. and 83 SPR P. stvlirostris 

were placed into 263 individual sterile Falcon tissue culture flasks (TCFs; 250 ml) 

(Becton Dickson Labware, Franklin Lake, NJ, USA). The flasks had 3.2 mm holes 

drilled for air exchange, were filled with 150 ml artificial seawater (Forty Fathoms Bio-

Crystals Marinemix, Marine Enterprises International, Inc., Baltimore, MD, USA), and 

housed one shrimp each. The use of separate TCFs prevented horizontal transmission of 

the virus via cannibalism and contact with contaminated water or other shrimp, which is a 

problem that confounds studies carried out in communal tanks. TCFs with shrimp were 

incubated at 27 "C in Percival Model 1-3 5LL incubators (Percival, Boone, Iowa), with 

daily photoperiod conditions maintained by timed artificial light as recommended by 

Williams et al. (1992). During the 15 d bioassay, TSV exposure was via feeding (per os) 

or intramuscular injection of TSV infected shrimp homogenate for viral treatment groups, 

while negative control groups received tissues from SPF P. vannamei (Hasson et al. 
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1995; Lotz 1997). The TSV injection exposure group was used as a positive 

control to ensure the TSV infectivity of the tissue and subsequent homogenate inoculum 

and to ensure the susceptibility of each of the shrimp populations to TSV Infection and 

resultant TS disease. Water chemistry conditions were maintained at: 35 ppt salinity, 27 

°C, 0.50 to 2 ppm total ammonia, and < 0.10 to 0.25 mg/L nitrite. Twice daily a 100% 

water exchange of the TCFs was conducted to maintain water quality during each per os 

viral exposure period, followed by a once daily 100% water exchange for the duration of 

the bioassay. Six shrimp were sampled on d-0 (pre-TSV exposure) from each population 

and moribund shrimp were collected whenever they were observed. These samples and 

all surviving shrimp collected at d-15 were fixed in RNA-fnendly fixative (R-F) (Hasson 

et al. 1997). Fixed tissues were processed for histological analysis following standard 

methods (Bell and Lightner 1988), and used to verify the presence of pathognomonic 

TSV lesions. 

Histolopathologv and In Situ Hybridization Analyses 

The TS disease status of the shrimp was determined by routine histopathology 

with hematoxylin and eosin-phloxine (H&E) staining (Lightner 1996a). Consecutive 

sections of each sample were analyzed by in situ hybridization using TSV specific cDNA 

gene probes PI5 and Ql (Hasson et al. 1999; Mari et aL 1998) to confirm the presence of 

TSV in the tissues. 
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Statistical Analysis 

All daily survival data per treatment group and shrimp population were analyzed 

by one-way ANOVA (Nelder and Wedderbum 1972; Ott 1997) followed by Tukey 

multiple comparison tests when significant (Tukey 1953; Ott 1993) using MiniTab 12.1 

(MiniTab, Inc., College Park, Pensylvania). Two-way ANOVA was used to test the 

efTects of both shrimp population and TSV exposure method on day of mortality (Nelder 

and Wedderbum 1972; Ott 1993). Each TCF, containing one shrimp, was used as the 

experimental unit. All data were analyzed as a completely randomized design (N = 23; 

Sokal and Rohlf 1981). Alpha was set to O.OS. From the resulting descriptive statistics, 

the 95% confidence interval plots and resultant interaction plot for species, treatment, and 

daily survival data were derived. 

Results 

Bioassav 

Percent survival (determined at termination on d-l5) in the SPF P. vannamei TSV 

injection exposure (positive control)_group, TSV per os exposure group, and no TSV 

(negative control) group was 23.33%, 46.67%, and 86.67%, respectively (Fig. 1). 

Percent survival in the SPR P. vannamei TSV injection exposure group, TSV per os 

exposure.group, and negative control group was 40.0%, 40.0%, and 70.0%, respectively 

(Fig. I). Percent survival in the P. stylirostris TSV injection exposure group, TSV per os 
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exposure group, and negative control group was 26.67%, 100%, and 100%, respectively 

(Fig. 1). Per os TSV challenge resulted in 100% survival in P. stylirostris. but challenge 

by per os exposure produced significant mortality commencing on about the same post

exposure day in both SPF and SPR P. vannamei (Fig. 1). Mortalities in the P. vannamei 

SPF and SPR negative control group were attributed to the stress caused by daily water 

exchange, as no detectable viral or bacterial infections, or signs of noninfectious diseases 

were revealed by histological and in situ hybridization analyses of moribund shrimp. 

Histology and In Situ Hybridization 

Diagnostic TSV acute phase lesions were present in the gills, stomach, 

integument, appendages, and hindgut in all moribund SPF and SPR P. vannamei from 

injection and per os TSV treatment groups and in P. stvlirostris from the injection TSV 

treatment group, as determined by routine H&E histology. TSV presence was confirmed 

in consecutive sections by in situ hybridization with TSV gene probes (photomicrographs 

not shown). TSV acute phase lesions were not detected in the P. stvlirostris per os TSV 

challenge group. TSV positive gene probe reactions were also demonstrated in the 

lymphoid organ in all SPR P. vannamei and in TSV injection challenge P. stvlirostris 

collected at termination on d-lS. Lymphoid organ spheroids, histologically characteristic 

of chronic phase TS, were not detected in TSV per os challenge P. stylirostris collected at 

termination of the study. 
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Statistical Analysis 

One-way ANOVA and Tukey multiple comparison. Within the TSV injection 

challenge (positive control) group, the type of shrimp population (SPF P. vannamei. SPR 

P. vannamei or P. stylirostris) did not have a significant effect on mortality (P.= 0.337; 

Fig. 2). Within the TSV per os challenge group, shrimp population had a significant 

effect on the day of mortality (Table 1). TSV per os challenge resulted in 100% survival 

in P. stylirostris. but challenge by per os exposure produced significant mortality (P < 

0.001) in both SPF and SPR P. vannamei. There was no significant difference in the 

mean mortality day of SPF and SPR P. vannamei (Fig. 2, Table 1). Within the no TSV 

(negative control) group, shrimp population had a significant effect on the day of 

mortality (Table I). Without exposure to TSV, the SPR P. vannamei exhibited a 70.0% 

survival, with the mean day of mortality being significantly different (P = 0.002) from 

both SPF P. vannamei and P. stvlirostris. There was no significant difference in the mean 

mortality day of SPF P. vannamei and P. stvlirostris (Table 1; Fig. 2). 

Two-way ANOVA. Both shrimp population and route of TSV exposure were 

analyzed to determine their effect on the individual shrimp mortality day. TSV exposure 

via injection resulted in a significantly earlier mean mortality (x = 6.20 d) than did per os 

exposure (x = 11.38 d) across all three shrimp populations (P < 0.001; Fig. 3a). The R 

stylirostris group was significantly different from both the SPF and SPR P. vannamei 

groups (P = 0.011) across all TSV treatments and was found to have the highest mean 
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survival day (x = 11.87 d; Fig. 3a). Figure 3b displays the interaction plot derived from 

the above two-way ANOVA analysis. It is readily apparent that TSV exposure via 

injection results in the earliest mean mortality across the three shrimp populations tested, 

that TSV per os exposure results in 100% survival in P. stvlirostris. but that peros 

exposure produces significant mortality commencing on similar days post challenge in 

both SPF and SPR P. vannamei. 

Discussion 

The mortality due to TS in the SPF P. vannamei TSV injection (positive control) 

group was 76.67% (Fig. 1). Histopathology and in situ hybridization showed severe 

infection by TSV. The percent survival for SPF P. vannamei challenged by TSV 

injection or peros methods (Fig. 1) corroborate Lotz's (1997) fmding that TSV injection 

results in more severe TS infections than TSV per os inoculation. Together, percent 

survival, individual shrimp day of mortality (Figs. 2, 3), histopathology and gene probe 

data, clearly indicate the effectiveness (infectivity and lethality) of the TSV inoculum 

used. 

As Mari et al. (2002) have reported, TSV is most likely to be classified as 

belonging with the Cricket paralysis-like viruses, of which Drosophila C virus (DCV) is a 

member. DCV is transmitted by ingestion and by that route it causes pathology to 

varying degrees. However, it is extremely pathogenic when injected into the fruit fly 

(Thomas 1996). TSV appears to act similarly to DCV, in that TSV peros exposure in the 
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shrimp populations tested in the present study resulted in statistically significant (P < 

0.001) greater survival compared to TSV injection (Fig. 3). 

As reported by Villalon (1991), larger shrimp typically have a lower feeding rate 

(eg. percentage of body weight per day) than smaller shrimp. Therefore the P. stvlirostris 

(x= 0.30 g) TSV per os exposure group may have actually received a higher dose of TSV 

per g of body weight than the SPF (x= 0.90 g) and SPR (x= 1.25 g) P. vannamei. Based 

upon the survival data from the various treatment groups (Fig. 1), this study demonstrates 

a statistically significant difference in the ability of TSV to infect P. vannamei compared 

to P. stvlirostris. when the virus is introduced orally to the shrimp (Table 1; Fig. 2). 

The rate of survival in the SPF and SPR P. vannamei is of interest. As seen in 

Fig. 2, the survival of SPR P. vannamei was higher than the overall survival of SPF P^ 

vannamei. when compared to their respective negative control groups. It should be noted 

that the SPF P. vannamei TCeatech. Inc.) and the SPR P. vannamei (Genesis. Inc.) 

originated from the same P. vannamei founder stock, except that the SPR P. vannamei 

were bred for TSV survival in the presence of the virus. The SPR P. vannamei. being 

bred for TSV resistance, may posses an innate resistance mechanism to TSV infection 

and disease, which is different than the hypothesized gut-mediated immunity that may be 

present innately in P. stvlirostris. The results in this study showed that the SPR R 

vannamei demonstrated a consistent survival (40.0%) by both TSV injection and per os 

challenge methods, whereas the SPF P. vannamei survival was 30% lower in the TSV 
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injection challenge than in the TSV peros challenge (Fig. 1), but not statistically 

significant (Tukey multiple comparison, P_= 0.372) within the per os group (Table I; Fig. 

2) or when analyzed across all three treatments (Fig. 3). 

In our laboratory we have found that stress due to handling or shipping is 

correlated with the onset of disease in experimentally and naturally TSV infected 

asymptomatic P. stvlirostris. One might expect SPR P. vannamei to outperform SPF R 

vannamei when challenged with TSV, if all stressors on the shrimp were omitted other 

than that presented by the infectious agent. However, the TCFs that housed each 

individual shrimp acted as significant stressors to shrimp greater than O.S g in initial size. 

Stress on the shrimp due to confinement in the TCFs, daily water changes and daily 

handling contributed to mortalities, as was demonstrated by the survival data of SPF and 

SPR P. vannamei negative control groups. The SPR P. vannamei were particularly 

susceptible to these stressors. They survived poorly (70.0%) in the negative control 

flasks (Fig. 1) and the mean mortality day was statistically significant (P.= 0.002) in 

relation to the SPF P. vannamei and P. stvlirostris negative control groups (Table 1; Fig. 

2). This finding is corroborated by Fuxa and Richter's (1997) report that in the 

velvetbean caterpillar A. gemmatalis nucleoplvhedrosisvirus (AgNPV) resistance is 

associated with an overall decrease of hardiness compared to AgNPV susceptible insects. 

Some potential role of the gut (by the cuticular lining of the stomach and hindgut 

and/or unlined portions of the gut) in innate TSV resistance in P. stvlirostris is suggested 
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by these data. Further research needs to be conducted to examine this hypothesis. Based 

upon survival of the various treatment groups and the two-way ANOVA analysis, this 

study supports Lotz's (1997) finding that TSV exposure by injection results in more 

severe TS infections than the per os route of exposure in SPF P. vannamei. The results 

also demonstrated that the increase in TS severity via TSV injection, as compared to per 

OS TSV exposure (P < 0.001), occurs in both innately resistant P. stvlirostris and in SPR 

P. vannamei. Finally, the resuhs suggest that P. stvlirostris is significantly (P < 0.001) 

more resistant to per os TSV infection and presentation of TS disease than either SPF or 

SPR P. vannamei. 
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Table 1. One-way ANOVA and Tukey multiple comparison test (when significant) 

results for effect of shrimp population challenged by different modes of TSV exposure on 

mean mortality day per shrimp during the 1 S-d bioassay. Mode of TSV exposure; la) 

TSV injection challenge (positive control); lb) TSV per os challenge; Ic) No TSV 

(Negative Control). Shrimp population labels used for Comparison (C): I = SPF Penaeus 

vannamei: 2 = SPR P. vannamei: 3 = P. stvlirostris. Asterisk (*) indicates mean 

difference is significant (P<0.05). 

TSV Injection Challenge (Positive Control) 

Sum of Mean 

Source df Squares Square F P 

Species 2 87.9 43.9 1.11 0.337 

Error 66 2623.3 39.7 



TSV Per os Challenge © 
Sum of Mean 

Source df Squares Square F P 

Species 2 498.9 249.4 9.90 <0.001 

Error 66 1663.3 25.2 

Comparison Mean Standard 

(C) difTerence error P 

1 vs. 2 2.0000 1.4804 0.372 

1 vs. 3 -4.4348« 1.4804 0.011 

2 vs. 1 -2.0000 1.4804 0.372 

2 vs. 3 -6.4348'* 1.4804 <0.001 

3 vs. 1 4.4348'* 1.4804 0.011 

3 vs. 2 6.4348^ 1.4804 <0.001 
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No TSV (Negative Control) 

Sum of Mean 

Source df Squares Square E P 

Species 2 197.4 98.7 6.93 0.002 

Error 66 939.8 14.2 

Comparison Mean Standard 

(C) difference error P 

1 vs. 2 3.2174* 1.1128 0.014 

1 vs. 3 -0.6522 1.1128 0.828 

2 vs. I -3.2174'* 1.1128 0.014 

2 vs. 3 .3.8696* 1.1128 0.003 

3 vs. I 0.6522 1.1128 0.828 

3 vs. 2 3.8696* 1.1128 0.003 
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Figure I. Survival curves for three different stocks of juvenile Penaeus stvlirostris and R 

vannamei after TSV challenge by per os and injection routes. SPF = specific 

pathogen fi-ee; SPR = specific pathogen resistant; SPF P. vannamei = 

"susceptible" to TSV; SPR P. vannamei = "resistant" to TSV; P. stvlirostris = 

innately resistant to TSV. Percent (%) survival (d-l5) per treatment and species; 

I) SPF P. vannamei: TSV injection exposure (positive control) = 23.3%, TSV per 

OS exposure = 46.7%, No TSV (negative control) = 86.7%; 2) SPR P. vannamei: 

TSV injection exposure (positive control) = 40.0%, TSV per os exposure = 

40.0%, No TSV (negative control) = 70.0%; 3) P. stvlirostris: TSV injection 

exposure (positive control) = 26.7%, TSV per os exposure = 100.0%, No TSV 

(negative control) = 100.0%. The survival curves of P. stvlirostris negative 

control (no TSV) and per os TSV challenge animals overlap at 100% survival. 
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Figure 2. Variation of mean mortality day per shrimp representing two Penaeus 

vannamei and one P. stvlirostris populations challenged by different routes of 

TSV exposure. Mean mortality day ± SD per TSV challenge method and pooled 

SD: I) Injection TSV challenge group: SPF P. vannamei x = 5.22 ± 5.96, SPR P. 

vannamei x = 7.78 ± 6.56 and P. stvlirostris x = 5.61 ±6.38; 2) Peros TSV 

challenge group; SPF P. vannamei x = 10.57 ± 5.85, SPR P. vannamei x = 8.57 ± 

6.44 and P. stvlirostris x = 15.0 ± 0.0; 3) No TSV (negative control) group; SPF 

P. vannamei x = 14.35 ± 2.55, SPR P. vannamei x = 11.13 ± 6.02 and P^ 

stvlirostris x = 15.0 ± 0.0. Values shown represent means and their SD. Any 

bars marked with different alphabet letters within the same treatment indicate 

significant difference between means (P < 0.05). 
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Figure 3. Two-way ANOVA with 95% confidence interval (CI) plots and related 

interaction plot. 3a) Two-way ANOVA with 95% CI plots analyzing the effects 

of both shrimp population and route of TSV exposure on number of days per 

shrimp for mortality to occur due to TSV. Different superscript letters in columns 

are significantly different (P < 0.05). The correlation between an increase in the 

mean survival day and the P. stvUrostris group is statistically significant (p = 

0.036). The correlation between an earlier mean mortality day and the TSV 

injection group for all animals was also found to be statistically significant (p < 

0.001). 3b) Interaction plot relating mean mortality day, shrimp population, and 

mode of TSV exposure derived fi^om the Two-way ANOVA data. TSV exposure 

via injection results in the earliest mean mortality across the three shrimp 

populations. TSV peros exposure resulted in 100% survival in P. stvlirostris. but 

per OS challenge produces significant mortality commencing on similar days in 

both SPF and SPR P. vannamei. 
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ABSTRACT 

Anecdotal industry reports of TS epizootics in a TSV tolerant strain of Penaeus 

stylirostris and collected evidence of field TS epizootics in P. stylirostris suggested that a 

distinct new TSV strain might have emerged since 1994. The Ecuadorian 1992 TSV 

genome published in GenBank is virtually identical to the Hawaiian 1994 TSV isolate 

(HI94TSV) used as reference throughout this investigation. Three other geographic and 

year isolates of TSV from naturally occurring TS epizootics of cultured penaeid shrimp 

were obtained from Mexico (SIN98TSV and MX99TSV from Penaeus vannamei and 

SON2KTSV from P. stylirostris). Selected TSV diagnostic methods set forth by the 

Office International des Epizooties were utilized as the basis for isolate analysis. By 

Southern blot TSV probes P15 and Ql reacted specifically with all the diagnostic RT-

PCR fragments. Additionally, labeled RT-PCR amplicons from the TSV isolates 

amplified by routine diagnostic RT-PCR primers gave a positive in situ hybridizations 

with TSV indicating that all four isolates shared homology. By Western blot, immuno-

dot blot, and immunohistochemistry, all TSV purified isolates reacted with TSV 

polyclonal antibody (PAb). However, with TSV monoclonal antibody (MAb) 1 Al, all 

isolates, except SIN98TSV reacted, indicating that the difference in isolate SIN98TSV is 

within VPl, the target for MAb I Al. The amino acid (AA) sequence of SIN98TSV VPl, 

MX99TS V VP 1 and SON2KTS V VP I has a 98% homology with the reference HI94TS V 

VPl. A span of 12 AAs are identified in SIN98TSV VPl containing significant AA 

substitutions which may account for a conformational change of the antigenic epitope 
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sufficient to prevent MAb 1 Al from binding. The implications of these results with 

respect to the antibody-based diagnosis of TSV are discussed. 

INTRODUCTION 

Taura syndrome virus (TSV), the etiologic agent of Taura syndrome (TS), was 

tentatively classified in the Superfamily Picomaviridae (Bonami et al. 1997), and recent 

work has shown that it should be classified within the Genus "Cricket paralysis-like 

viruses" because it more closely resembles certain presently unclassified insect ssRNA 

viruses, such as Drosophila C Virus (DCV; Mari et al. 2002). TSV is a 32 nm, 

icosahedreal, non-enveloped viral particle with a buoyant density of 1.338 g/ml. Its 

protein capsid is comprised of three major polypeptides (SS, 40, 24 kD designated VP I, 

VP2 and VP3, respectively) and one minor polypeptide (58 kD designated VO) (Bonami 

et al. 1997; Man et al. 2002). The TSV genome consists of a linear, positive-sense, 

single-stranded ribonucleic acid (ssRNA) of 10,205 bases (Mari et al. 2002). 

TS was first recognized as a distinct disease in shrimp farms located near the 

mouth of the Taura River in the Gulf of Guayaquil, Ecuador, in mid-1992 (Jimenez 1992; 

Lightner et al. 1995) where the disease caused catastrophic losses with cumulative 

mortality rates from 60 to >90% of affected pond-cultured juvenile Penaeus vannamei. 

Reports of occurrences of the disease now Include Ecuador, Peru, Colombia, Honduras, 

Jamaica, Guatemala, El Salvador, Brazil, Nicaragua, Belize, the USA, and the Mexican 

states of Sonora, Sinaloa, Chiapas Guerrero, Yucatan, and most recently Taiwan 
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(Lightner I996a,b; Chien et al. 1999). To date, it is estimated that the worldwide 

economic impact of TS to shrimp farming may have exceeded $2 billion dollars 

(Rosenberry 1997; Rosenberry 2000). 

The worldwide geographic distribution of TSV indicates that the same virus or 

closely related viruses are responsible for the TS epizootics that have occurred 

throughout the Americas since 1992 (Hasson et al. 1999; Lotz 1997b). Ecuadorian 1992 

and Hawaiian 1994 TSV isolates were found to be identical in their biophysical, 

biochemical and biological characteristics (Bonami et al. 1997). However, anecdotal 

evidence of the occurrences of TS epizootics in P. stylirostris since 1999 in Mexico 

suggested that a closely related virus might have evolved from the original 

Ecuadorian/Hawaiian isolate characterized by Bonami et al. (1997) and Man et al. 

(2002). If TSV has changed since 1994, it is possible that a change in the virus, 

potentially in its structural proteins, is responsible for the emergence of TS in a 

previously TS refractive species, P. stylirostris. 

The Office International de Epizooties (OIE) list of crustacean diseases 

considered for notification and certification presently contains three Diseases Notifiable 

to the OIE and five Other Significant Diseases. Seven of the eight crustacean diseases 

listed by the OIE occur in penaeid shrimp and of the three notifiable diseases of 

crustaceans Taura syndrome virus (TSV) is one. Current OIE recommended diagnostic 

and detection methods for TSV include histopathology, bioassay, in situ hybridization 
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(ISH) with TSV specific gene probes, reverse-transcription polymerase chain reaction 

(RT-PCR) with TSV specific primers, and immunoassays with TSV specific antibodies 

(OIE 2000). Except for histopathology, the TSV recognized detection methods are either 

specific to a portion of the TSV genome (ISH and RT-PCR) (Nunan et al. 1998; Mari et 

al. 1998) or specific to an antigenic epitope on TSV VP I (Poulos et al. 1999). The 

potential change in TSV and its ability to cause TS in P. stylirostris, raises serious 

questions about the potential limitations in the OIE (2000) recognized detection methods 

for TSV. The current report details the analysis of four geographic and year isolates of 

TSV from Hawaii and Mexico, utilizing selected OIE recommended TSV diagnostic and 

detection methods, and discusses the implications newly demonstrated TSV strain 

differences to the detection of TSV in penaeid shrimp. 

MATERIALS AND METHODS 

Shrimp. Shrimp taxonomy as used in this paper is according to Holthius (1980). For 

bioassays and virus generation, specific pathogen free (SPF) (Lotz 1997a) Kona stock 

Penaeus varmamei obtained fi-om the Oceanic Institute's SPF breeding program (Hawaii) 

(Wyban et al. 1992; Carr et al. 1996) were reared and maintained according to the 

protocol of Williams et al. (1992). The SPF Kona stock P. vannamei is the reference 

shrimp line (indicator species) used in all University of Arizona Aquaculture Pathology 

Laboratory (UAZAPL) penaeid shrimp virus research including that for TSV (Hasson et 
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al. 1995, 1999), white spot syndrome virus (WSSV) and yellow head virus (YHV) 

(Durand et al. 2000; Lightner et al. 2001). 

Virus isolates and bioassy. The origin of the viral materials used in this study is shown 

in (Table 1). The TS disease status of the shrimp was confirmed by routine 

histopathology with hematoxylin and eosin-phloxine (H&E) staining (Lightner et al. 

1995; 1997b; Lightner 1996a). The isolates were processed for bioassay analysis and 

experimental quantities of the viruses were obtained by feeding or intramuscular injection 

of SPF P. vannamei (Lotz 1997b; Wyban et al. 1992) with TSV infected shrimp 

homogenates according to the protocol of Hasson et al. (1995). All moribund shrimp 

were collected for histopathology and/or virus purification and mortality data was 

recorded daily. All analyses utilized the 1994 isolate from Hawaii (HI94TSV) as the 

reference isolate. For the purposes of this paper the term "TSV isolate(s)" refers to "TSV 

geographic and year isolate(s)". All viral isolates from different geographic regions and 

years were kept strictly separate during bioassay, purification and testing (Table 1). 

Virus purification. TSV isolates used for testing were purified from experimentally 

infected P. vannamei tissue according to the procedure of Bonami et al. (1997). Purity of 

viral extracts was assessed by transmission electron microscopy (TEM) using 2% 

phosphotungstic acid (FTA) as the negative stain and by routine diagnostic RT-PCR 

(Nunan et al. 1998; OIE 2000). 
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Antibodies. Mouse anti-TSV polyclonal antibody (PAb) used in this study was produced 

as described by Poulos et al. (1999) and stored at "20''C until used. The mouse anti-TSV 

monoclonal antibody (MAb) used was MAb 1 Al supernatant fluid maintained and 

produced by UAZAPL as described by Poulos et al. (1999). This antibody is also 

available from DiagXotics, Inc. (Wihon, CT) in their commercial TSV immuno-dot blot 

and immunohistochemistry kits. 

Immuno-dot blot assays. An MAb titration assay was conducted to determine the 

concentration of MAb 1 Al in the supernatant fluid used for immunoassays. Specificity 

assays for PAb and MAb to individual TSV isolates, followed the protocol of Poulos et 

al. (1999). Reactions were graded using the PAb at a dilution of 1;S00 against purified 

HI94TSV isolate, with G4 being the strongest and G1 being the weakest. A negative 

reaction was one in which no color spot was visible in the well. Normal mouse serum 

was used as a negative control for the primary antibody. A "no template control" (i.e. no 

dotting of purifled virus) was also employed in each assay. 

Sodium dodccyl sulfate-polyacryiamidc gel electrophoresis (SDS-PAGE). The 

structural proteins of individual purified TSV isolates were denatured in Laemmli buffer 

(Laemmli 1970) containing 10 M urea and separated using 10% SDS-PAGE according to 

the protocol of Bonami et al. (1997). A premixed protein molecular weight marker 

(Boehringer Mannheim, Indianapolis, IN), with proteins ranging from 14.4 to 97.4 kD, 

was co-electrophoresed in the SDS-PAGE for reference. A prestained SDS-PAGE 
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standard, low range marker (BIO-RAD, Hercules, CA), was also run to provide a visual 

reference for Western blot analysis. The marker proteins had apparent molecular weights 

of 106, 81, 47.5, 36.3, 28.2, and 20.8 kD. Two simultaneous gels containing the four 

purified TSV isolates were electrophoresed. One of the gels was silver stained according 

to the protocol of Nielsen and Brown (1984) and the other gel was used for transfer to 

nitrocellulose. A third gel containing the four purified TSV isolates was electrophoresed 

and used for transfer to a polyvinyliden diflouride-type membrane (PVDF). 

Western blot analysis. The TSV structural proteins of the four isolates separated by 

10% SDS-PAGE were transferred to a nitrocellulose membrane (Towbin et al. 1979; 

Poulos et al. 1999) and the presence of proteins were visualized with 0.5% Ponceau Red 

(0.5 ml Ponceau Red, 1ml glacial acetic acid, 98.5 ml DDH^O) (Sigma, Saint Louis, 

Missouri) according to the protocol ofNakamura et al. (1985). The Western blot assay 

was conducted according to the protocol of Poulos et al. (1999, 2001). Each TSV isolate 

on the membrane was reacted with anti-TSV PAb (diluted 1:500) or anti-TSV MAb 1 Al 

(undiluted) and the reactions to the proteins were visualized and graded as in the 

immuno-dot blot assay. Leibovitz's Medium L-15 (Irvine Scientific, Santa Ana, CA) 

was used as a negative control for the primary antibody. 

Immunohistochemistry on fixed sections. Experimentally infected moribund shrimp 

were fixed according to standard methods (Bell and Lightner 1998) with Davidson's 

alcohol-formalin-acetic acid (AFA) for 24 hr. Tissues were processed and 
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immunohistochemistry on fixed sections was performed according to the protocol of 

Poulos et al. (2001), using anti-TSV PAb or anti-TSV MAb as the primary antibodies. 

The slides were examined by light microscopy for the presence of a blue-black 

precipitate in the cytoplasm of TSV infected celts. 

RT-PCR primers. Two TSV specific oligonucleotide primers amplified a 231 bp region 

of the TSV genome were employed to confirm the presence of TSV (Nunan et al. 1998) 

in each purified TSV preparation. Two additional TSV specific oligonucleotide primers 

were designed to amplify the entire VPl structural protein region of the TSV genome 

(Mari et al. 2002). Primers designated as TSV55P1 and TSV55P2 (Table 2) amplify a 

1303 bp region of the TSV genome. Digoxigenin (DIG)-labeling of TSV gene probes 

PIS and Q1 was achieved by PCR employing cloned DNA and utilizing Q1 specific 

primers (9193 and 9194) and PIS specific primers (919S and 9196) (Table 2, Fig 1). All 

primers were chosen using Primer Designer 4 (Scientific and Educational Software, 

Durham, NC) fi'om the TSV nucleotide and amino-acid sequence information for the 

Ecuadorian 1992 TSV (EC92TSV) / HI94TSV isolate, GenBank accession # AF277674 

(Mari et al. 2002). 

RT-PCR of purified TSV. The RT-PCR assays were done using 1.0 of purified virus 

as the RNA template. The 231 bp region of the TSV genome was amplified according to 

the protocol of Nunan et al. (1998). The Sigma® Enhanced Avian RT-PCR Kit (Sigma-

Aldrich, Saint Louis, Missouri) was used for all TSV VPl (1303 bp fi'agment) 
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amplification reactions. The conditions (final concentration in 50 |il total volume) for 

one-step RT-PCR amplification of TSV VP I from purified TSV isolates were those set 

forth in the manufacturer's protocol. The RNA template and all the reagents were 

combined and reverse transcription was allowed to proceed at 50°C for 45 min, followed 

by 95°C for 5 min. After reverse transcription, the samples were amplified for 40 cycles 

using the following conditions; denaturation at 95°C for 1 min; annealing at 60°C for 45 

s; and extension at 12°C for 1.5 min. A final extension at 12°C for 5 min followed the 

last cycle. RT-PCR products were visualized by standard agarose gel electrophoresis 

(Nunan et al. 1998). 

Nucleotide and derived amino acid sequence and analysis. TSV nucleotide sequence 

data for the VPl portion of the coat protein of SIN98TSV, MX99TSV, SON2KTSV and 

HI94TSV(GenBank accession #'s AF510515, AF5I05I6, AF510517, AF5105I8, 

respectively) was obtained by sequencing the 1303 bp RT-PCR products at the University 

of Arizona Genomic Analysis and Technology Core on an ABI PRISM® 377 DNA 

Sequencer with "XL" upgrades (Applied Biosystems, Foster City, California). The 

HI94TSV VPl nucleotide and derived amino acid (AA) sequence was compared to the 

EC93TSV sequence data from GenBank accession # AF277674 (Mari et al. 2002) and 

confirmed to be virtually identical. The regions and nucleotide sequences of the TSV 

genome, represented by the TSV specific clones PI5 and Q1 (Mari et al. 1998) and the 

diagnostic TSV RT-PCR amplicon (Nunan et al. 1998, OIE 2000) were identified within 

the EC93TSV/HI94TSV sequence and the VPl nucleotide and derived AA sequences 
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from each of the TSV isolates were analyzed using the University of Wisconsin Genetics 

Computer Group (GCG) program (Devereux et al. 1984). 

Protein sequencing. The TSV structural proteins of the four isolates separated by 10% 

SDS-PAGE were transferred to Immobilon-P®*^ PVDF (0.2^m pore size) (Millipore 

Corporation, Bedford, MA) and the presence of proteins were visualized with 0.1% 

Coomassie blue (Madsudaria 1987; Wilson 1983). The VPl amino termini CNH3') from 

each isolate were sequenced out 12 cycles at the University of Arizona Laboratory for 

Protein Sequencing and Analyses using an ABI477A pulsed-liquid protein sequencer 

(Applied Biosystems, Foster City, California). 

Soutiiern blot hybridization and In situ hybridization. Southern blot analysis 

(Maniatis et al. 1982) of the RT-PCR amplified 231 bp and 1303 bp products of each 

TSV isolate was performed using TSV DIG-labeled TSV specific gene probes PIS and 

Ql (Mari et al. 1998; Nunan et al. 1998). Shrimp used for immunohistochemistry were 

also evaluated by in situ hybridization (Bruce et al. 1993; Lightner 1996a) utilizing the 

same TSV specific DIG-labeled probe mixture that was used for the Southern blot 

analysis (Maniatis et al. 1982) and according to the procedures of Lightner (1996a), Mari 

et al. (1998) and Hasson et al. (1999). The TSV specific gene probes were DIG-labeled 

as described in the section on RT-PCR primers. 
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RESULTS AND DISCUSSION 

The purpose of this study was to determine whether or not four Hawaiian and 

Mexican year isolates of TSV that showed possible differences in virulence and host 

range could be detected and distinguished by selected OIE TSV diagnostic and detection 

methods. These isolates from natural infections in cultured P. vannamei and P. 

stylirostris were obtained during a period of apparent transition to a broader host range 

than was previously recognized and they represented clinical samples that aquaculture 

diagnostic laboratories would receive for TSV diagnostic testing. Bioassays were 

performed in P. vannamei, but not in specific pathogen free (SPF) P. stylirostris since 

such shrimp were not available during the course of the study. 

The farm information on differences in TSV virulence in P. vannamei populations 

was supported by results from primary, standard, individual bioassays and from 

subsequent bioassays performed using infected tissue generated from the primary 

bioassays. Hawaiian isolate HI94TSV (i.e., the reference isolate) and the Mexican isolate 

MX99TSV, (Table I) affected P. vannamei similarly, with both causing 95% mortality 

(Table 1) during the acute phase of TS. By contrast, isolates SIN98TSV and SON2KTSV 

gave 43% and 80% mortality, respectively (Table 1), during the acute and transition 

phases of TS. Moribund shrimp samples collected during the bioassays of all four 

isolates presented pathognomonic acute phase TSV lesions characterized by the classic 

"peppered or buckshot appearance" in the cuticular epithelium (Lightner 1996a). The 
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presence of TSV was confirmed in the serial samples by in situ hybridization with TSV 

specific gene probes giving positive results similar to those seen in Figure 4a. 

The biological characteristics and the genome of TSV isolate EC92TSV is 

identical to that of the reference isolate [{I94TS V and the two isolates are considered to 

be the same virus (Bonami et al. 1997; Mari et al. 2002). The major structural 

polypeptides found in the second open reading frame (ORF) have been designated VP I 

for the 55 kD proteia, VP2 for the 40 kD protein, and VP3 for the 24 IcD protein (Fig I; 

Bonami et al. 1997; Mari et al. 2002; Robles-Sikisaka et al. 2001). The HI94TSV VPl 

nucleotide and derived amino acid (AA) sequence (GenBank accession # AF510518) was 

compared to the EC93TSV sequence data from GenBank accession # AF277674 (Mari 

et al. 2002) and confirmed to be virtually identical. The purity of the TSV isolate 

preparations used in this study was confirmed by TEM (data not shown). 

Routine diagnostic TSV RT-PCR (OIE 2000) produces a 231 bp fragment, 

amplified by primers 9195 and 9992 (Nunan et al. 1998). The nucleotide sequence 

comprises a portion of the VP2 structural protein region of the TSV genome. In addition 

to these primers, two TSV specific oligonucleotide primers (TSV55PI and TSV55P2 in 

Table 2) were also designed to amplify the 1303 bp fragment that encompasses the 

entire VP I structural protein region of the TSV genome (Mari et al. 2002) that does not 

overlap the region amplified by primers 9195 and 9992 (Fig I). The TSV RT-PCR 

system described by Nunan et al. (1998) could not be utilized due to the inability of the 
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GeneAmp® EZ rTth RNA PGR kit (Perkin Elmer Getus, Norwalk, GT) to efficiently 

transcribe a large target fragment. By switching to the Sigma® Enhanced Avian RT-

PGR Kit (Sigma-Aldrich, Saint Louis, Missouri) and using a novel RT-PGR protocol, the 

1303 bp fragment that encompasses the entire VP I region of the genome was obtained 

from all four TSV isolates (Fig 2a). No differences were observed in the ability of the 

diagnostic primers 9195 and 9992 or those for VPl (TSV55P1 and TSV55P2) to amplify 

their respective fragments by routine TSV RT-PGR (Fig 2a) from all four TSV isolates. 

Two TSV gene probes, P15 and Ql (Mari et al. 1998) are used together as a 

cocktail in TSV gene probe analysis (OIE 2000), with Ql spanning a region at the 3 

prime end of the first ORF and PI 5 spanning a region beginning in the first ORF and 

ending in the second ORF in VP2 (Table 2). By Southern blot analysis with TSV gene 

probes P15 and Ql hybridized with the 231 bp RT-PGR products of VP2 (lanes 3, 5, 7, 

and 9 in Fig 2b) while they did not hybridize with the 1303 bp RT-PGR products from 

VPl (lanes 2, 4, 6, and 8 in Fig 2b). Therefore, the commercially available gene probes 

used in this study, did not hybridize to fragments from other regions of the TSV genome 

such as VPl (Fig 1). 

The Southern blot (Fig 2b) confirmed the specificity of the gene probes to react 

with the diagnostic RT-PGR fragment of the TSV genome (Nunan et al. 1998; OIE 2000) 

and further demonstrated that the gene probes do not hybridize with the VPl portion of 

the amplified sequence. Together with the in situ hybridization results obtained after 
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proper sample collection, fixation, and histological processing protocols (Lightner 1996a; 

Hasson et al. 1997), the data indicate that all of the TSV isolates analyzed shared 

homology in the regions of the genome recognized by the TSV gene probes. 

Since the TSV isolates purified from tissue collected during bioassays and used in 

immuno-dot blot and Western blot analysis were purified prior to the optimization of 

TSV real time RT-PCR, the quantitation of the number of virions present in each 

preparation was not determined. However, based upon the Ponceau Red visualization of 

the purified TSV isolates present on the electroblotted membrane, prior to Western blot 

analysis, the preparations of purified isolates HI94TSV, MX99TSV, and SON2KTSV 

were present in approximately equal quantities, while the preparation of purified isolate 

SIN98TSV appeared to be present at two times the concentration of the other 

preparations (Fig 5a). 

By immuno-dot blot, PAb successfully detected all four TSV isolates. By 

contrast, MAb 1 Al detected all except isolate SIN98TSV (Fig 3). When the standard 

grading system (G4 = strongest and Gl = weakest) was applied to the immuno-dot blot 

with TSV PAb, isolate HI94TSV produced a G4 reaction as expected, isolate SIN98TSV 

produced a G4 reaction, and isolates MX99TSV and SON2KTSV produced a G3 reaction 

(Fig 3.). When MAb lAl was used to develop the immuno-dot blot, isolate SIN98TSV 

did not react, while isolates MX99TSV and S0N2KTSV produced a markedly reduced 

reaction signal (Gl), compared to the reaction produced in the wells inoculated with 
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isolate HI94TSV (G4) (Fig 3). Pouios et al. (1998) stated that immuno-dot blot with 

MAb I Al is highly specific for TSV (HI94TSV). Considering the Ponceau Red staining 

results indicating comparable amounts of protein present in the preparations, the 

demonstration of a weaker immuno-dot reaction of MAb 1 Al with isolates MX99TSV 

and SON2KTSV when compared to the reference isolate H194TSV supports the 

hypothesis that isolates MX99TSV and SON2KTSV have a structural difference to 

HI94TSV in the epitope recognized by MAb I Al (Pouios et al. 1998). 

The immuno-dot blot results were corroborated by the immunohistochemistry 

(IHC) results, with SIN98TSV being the only tissue not detected by MAb I Al. A 

comparison of the serial tissue sections of SIN98TS V processed for ISH and EHC 

confirmed that isolate SIN98TSV can be detected by routine TSV ISH with TSV specific 

gene probes PIS and Ql, but cannot be detected by TSV IHC with MAb 1 Al (Fig 4). 

MAb I Al used in these studies recognizes an antigenic epitope somewhere in the VPl 

region (Pouios et al. 1999) of the TSV genome (Mari et al. 2002), which is a completely 

different region of the genome fi'om that recognized by the TSV gene probes (Table 2, 

Fig I). 

Silver stained SDS-PAGE of the TSV isolates demonstrated the expected 

presence of TSV major and minor structural proteins (data not shown). Unstained SDS-

PAGE of the TSV isolates was transferred to a nitrocellulose membrane and the presence 

of TSV structural proteins was visually confirmed by pre-staining with 0.5% Ponceau 
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Red (Fig 5a). By Western blot (Fig 5b) all of the isolates reacted with the TSV PAb. 

However, VP I from all isolates except SIN98TSV reacted with MAb I Al (Fig 5b), again 

confirming the previous immuno-dot blot and DiC results. 

Our data from electrophoresis indicates that VP I of SIN98TS V migrates to a 

different position than does VP I of the reference strain HI94TSV. Furthermore, when 

the VP I bands are reacted with MAb 1 Al by Western blotting, SIN98TSV VP I does not 

react whereas the VP 1 band from HI94TSV does react. By protein sequencing twelve 

cycles of the amino termini of VP I from isolates HI94TSV and SIN98TSV, we were able 

to confirm that SIN98TSV's putative VPl demonstrated by SDS-PAGE was indeed VP I. 

The VP 1 amino termini of all four isolates contained the AA sequence 

SKDRDMTKVNAY (Fig 6), which corresponds to the first reading frame of the VPl 

nucleotide sequences (GenBank accession #s AF510515, AF510516, AF510517 and 

AF510518 corresponding to SIN98TSV VPl, MX99TSV VPl, SON2KTSV VPl and 

HI94TSV VPl, respectively) obtained from the 1303 bp amplicons. 

The derived AA sequence of VPl of isolates SIN98TSV, MX99TSV and 

SON2KTS V have a 98% homology with the VP I AA sequence of reference isolate 

HI94TSV. Isolate SIN98TSV contains seven AA substitutions, while isolates MX99TSV 

and S0N2KTSV contain only four AA substitutions (Fig 6). Branden and Tooze (1999) 

state that an antibody generally recognizes an antigenic epitope of approximately five to 

11 AAs and that MAb binding may be very susceptible to conformational changes in the 
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antigen. The hypothesis that isolates SIN98TSV, MX99TSV and SON2KTSV have a 

structural difference to HI94TSV in the epitope recognized by MAb 1 Al, is supported by 

the AA substitutions at positions 292, 300, 301 and 304 (Fig 6). This is the only region 

in which all three isolates differ from HI94TSV and constitutes a span of 12 AA residues. 

SIN98TSV VPl has two significant AA substitutions, one at AA 300 changes from a 

glycine (G; which only has a hydrogen for a side chain) to a serine (S; which is a polar 

AA) and one at AA 301 changes from a G to a lysine (K; which is a charged AA), which 

may account for a conformational change of the epitope significant enough to prevent 

MAb lAl fi-om binding. MX99TSV VPl and SON2KTSV VPl contain identical 

substitutions at AA 301 (glycine to arginine; G to R) and AA 304 (arginine to lysine: R to 

K; insignificant substitution within the charged AA group), which may account for a 

subtle conformational change of the epitope responsible for the reduction in affmity of 

MAb 1 Al to the putative antigenic epitope. 

The data presented here demonstrate that MAb 1 Al based methods may not detea 

all TSV isolates and offer important implications for TSV surveillance and diagnostic 

detection in cultured penaeid shrimp. Presently, only one MAb is available for use in 

OIE (2000) recognized TSV antibody based detection methods and it is recommended 

that results from its use should not be relied on as the only confirmatory test following 

histopathology. OIE reconmiends that more than one diagnostic detection method for 

viral pathogens of penaeid shrimp should be conducted whenever analyzing the disease 

status of samples for importation, exportation, routine health monitoring, population 
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screening or research. Indeed we have shown that screening of penaeid shrimp 

broodstock and postlarvae by MAb 1A1 testing will not detect all TSV isolates, possibly 

leading to false negative results, further spread of TSV and re-emergence of TS in 

regions where it has been eradicated. An additional battery of TSV MAbs is needed to 

recognize conserved and individual antigenic epitopes of all TSV strains. 
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Table 1. Description of the TSV isolates collected from cultured juvenile penaeid shrimp 

during reported TSV natural infections and mean (x) percent mortality from 

bioassays. 

TSV Isolate Collection Source species Collection Bioassay 
location year X mortality 

HI94TSV Hawaii, USA Penaeus vannamei 1994 95% 
SIN98TSV Sinaloa, Mexico P. vannamei 1998 43% 
MX99TSV Sonora, Mexico P. stylirostris 1999 95% 
SON2KTSV Sonora, Mexico P. stylirostris 2000 80% 



170 

Table 2. Oligonucleotide primers employed in RT-PCR amplification of the TSV 

diagnostic fragment (DF) and VPl and for PCR production of TSV specific gene 

probes Ql and PI5, using the nucleotide sequence of HI94TSV, GenBank 

accession # AF277674. 

Amp! icon Primer Nucleotide Length Amplicon 
designation position of primer length 

Ql 9194 3218 18-mer 905 bp 
9193 4122 l8-mer 

P15 9196 5915 18-nier 1209 bp 
9195 7123 18-mer 

VPl TSV55P1 7901 20-mer 1303 bp 
TSV55P2 9203 20-mer 

DF 9992 6910 18-mer 231 bp 
9195 7140 18-mer 



ORFI ORF2 

VP2 VP3 

Figure 1. Diagram of TSV genome regions amplified by RT-PCR using the oligonucleotide primers employed in RT-

PCR in Table 2. This is based upon the TSV genome organization proposed by Mari et al. (2002), GenBank accession 

# AF277674. TSV gene probes Qi & PIS are indicated in gray boxes above the line. VPI and diagnostic fragment 

(DF) amplicons are shown by gray boxes below the line. Note the overlap of genome regions recognized by gene 

probe PIS and amplified by the diagnostic RT-PCR primers 9I9S/9992 (DF). 
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Figure 2. RT-PCR products of TSV demonstrating no detectable strain differences 

between the four TSV isolates by gel electrophoresis or Southern blot 

hybridization using diagnostic TSV gene probes PIS and Ql. 2a) Electrophoretic 

gel showing amplicons (231 bp) from primers 919S and 9992 and amplicons 

(1303 bp) from primers TSVS5P1 and TSV55P2 that amplify VPl. 2b) Southern 

blot showing PIS & Ql hybridization with the 231 bp amplicons (lanes 3, S, 7, 

and 9) but not with the 1303 bp amplicons of VPl. Lane 1, DIG-labeled DNA 

ladder. Lanes 2 to 9, primers TSV55P1/P2 and 9195/9992, respectively, used 

with HI94TSV (2 and 3), SIN98TSV (4 and 5), MX99TSV (6 and 7) and 

SON2KTSV (8 and 9). 

2 3 4 5 6 7 8 9  1  2 3 4 5 6 7 8 9  

H303bp-  ̂

•-231 
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Figure 3. Immuno-dot blot of TSV PAb (rows A & B) and TSV MAb 1A1 (rows C 

& D) reacted with MX99TSV (Al-3 and C1-4), S0N2KTSV (A4-6 and C4-6), 

HI94TSV (Bl-3 and Dl-3), and SIN98TSV (B4-6 and D4-6). A7 and C7 are no-

template controls while B7 and D7 are negative control mouse serum. Circled 

wells D4-6 for SIN98TSV indicate no reaction to MAb 1 Al. 3b) Map diagram 

showing locations of TSV isolates in the wells. 



A 

B 

C 

D 

> PAb 

> MAb 

PAb 

MAb 

J.-



175 

Figure 4. SIN98TSV serial sections analyzed using gene probes PIS and Q1 and TSV 

MAb 1 Al. In Fig 4a arrows indicate a positive reaction to the TSV specific gene 

probes PI5 and Ql, while the parallel section (Fig 4b) shows no reaction to MAb 

I Al.  confirming that a  positive ISH with a negative IHC. reacted with MAb I Al.  

may be used to distinguish the strain. SIN98TSV. Scale Bars = 50 ^m. 
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Figure 5. Western blot membrane of proteins from purified TSV isolates prestained 

with Ponceau Red (5a) and reacted with TSV PAb and MAb 1A1 (5b). Lane M, 

prestained molecular weight marker. Lane I, SON2KTSV. Lane 2, MX99TSV. 

Lane 3, SIN98TSV. Lane 4, Fn94TSV. In 5b, TSV proteins were reacted with 

TSV PAb (sublanes c), MAb 1A1 (sublanes b) and Leibovitz's Medium L-15 as 

the negative control (sublanes a). PAb reacted with VPl of all four isolates 

(sublanes c). MAb 1A1 reacted with all isolates except SIN98TSV VPl (lane 

3b). The position of TSV viral proteins is indicated on the right side of the 

photograph. 
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Figure 6. VPl deduced amino acid sequences from SIN98TSV, MX99TSV and 

SON2KTSV (GenBank accession #s AF510515, AF510516 and AF510517, 

respectively) compared to the HI94TSV amino acid sequence (GenBank 

accession # AF510518). All three isolates (SIN98TSV, MX99TSV and 

SIN98TSV) demonstrate 98% homology with HI94TSV VPl amino acid (AA) 

sequence. The only region in which all three isolates differ from HI94TSV 

constitutes a span of 12 AA residues (AA position 292 through 304). SIN98TSV 

VPl has two significant AA substitutions, one at AA 300 and one at AA 301, 

which may account for a conformational change of the epitope significant enough 

to prevent MAb I Al from binding. MX99TSV VPl and SON2KTSV VPl 

contain identical substitutions at AA 301 and AA 304, which may account for a 

subtle conformational change of the epitope responsible for the reduction in 

affinity of MAb I Al to the putative antigenic epitope. 
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ABSTRACT 

We isolated a novel Taura syndrome virus (SIN98TSV) variant from a Penaeus 

vannamei population in Sinaloa, Mexico suffering from acute Taura syndrome (TS). The 

bioassay results and initial serological fmdings of four TSV geographic and year isolates 

have been previously reported. In this paper we report the results of viral structural 

protein composition and hydrophilicity coupled with beta turn prediction, nucleotide and 

derived amino acid (AA) sequence sequences, and serotypic analysis of TSV products 

from purified virions isolated from acute phase tissue. The results show that SIN98TSV 

is significantly different from other TSV isolates. The nucleotide and projected AA 

identity of the entire VPl, VP2 and VP3 sequences from the Mexican TSV isolates 

ranges from 96 to 100% when compared to the Hawaii 1994 TSV (HI94TSV) reference 

isolate. The putative VPl antigenic epitope recognized by TSV MAb 1A1 is identified, 

with SIN98TSV having 70% homology within the 10 AA region. Divergent results were 

obtained when purified virus or tissue samples obtained during the bioassays were 

analyzed by SDS-PAGE, resulting in two distinct electropherotypes, and analyzed by 

TSV MAb 1 Al, resulting in two distinct 'serotypes'. These findings verify the presence 

of a novel TSV variant in the Americas, specifically Mexico, confirm possible problems 

in detecting TSV strains, and dictate the assignment of eiectropherotype and 'serotype' 

designations for TSV isolates. We propose that there are at least two distinct 

electropherotypes and 'serotypes' of TSV, with eiectropherotype A (TSV Etpye-A) and 

serotype A (TSV-A) representing those TSV isolates conforming to VPl properties of the 



182 

Hawaiian 1994 TSV isolate, and electropherotype B (TSV Etpye-B) and serotype B 

(TSV-B) representing those TSV isolates conforming the VPl properties of the Sinaloan 

1998 TSV isolate. 

INTRODUCTION 

Taura syndrome (TS), originally confined to endemic foci in Ecuador affecting 

Penaeus vcmnamei (Jimenez 1992; Lightner et al. 1995), is now recognized in Ecuador, 

Peru, Colombia, Honduras, Jamaica, Guatemala, El Salvador, Brazil, Nicaragua, Belize, 

the USA, and the Mexican states of Sonora, Sinaloa, Chiapas Guerrero, Yucatan, and 

most recently Taiwan (Lightner 1996a,b; Chien et al. 1999), where it occurs in sporadic 

and in epidemic forms, now affecting P. vannamei and Penaeus stylirostris. In these 

areas epizootics and spread of Taura syndrome virus (TSV), the etiological agent of TS, 

have been predominantly caused by importation of live broodstock or postlarvae. Other 

factors that may have contributed to the spread of TS within farms or regions and to 

distant sites may include the importation or improper disposal of waste from value added 

reprocessing of frozen commodity shrimp, and feces from aquatic birds that have fed on 

TSV infected shrimp (Garza et al. 1997; Lotz 1997; Lightner et al. 1998, Nunan et al. 

1998, Hasson et al. 1999; Durand et al. 2000). 
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The Ecuadorian 1993 and the reference Hawaiian 1994 TSV isolates were found 

to be identical in their biophysical, biochemical and biological characteristics (Hasson et 

al. 1995; Bonami et al. 1997). A potential new TSV strain, isolated in 1998 from a P. 

vannamei TS epizootic in Sinaloa, Mexico (SIN98TSV) was identified utilizing selected 

OfHce International des Epizooties (OEE 2000) recommended diagnostic techniques 

(Erickson and Lightner in press). 

TSV is a 32 nm, icosahedreal, non-enveloped viral particle with a buoyant density 

of 1.338 g/ml. Its protein capsid is comprised of three major polypeptides (55, 40, 24 kD 

designated VPl, VP2 and VP3, respectively) and one minor polypeptide (58 kD 

designated VO) (Bonami et al. 1997; Robles-Sikisaka et al. 2001; Mari et ai. 2002). The 

TSV genome consists of a linear, positive-sense, single-stranded ribonucleic acid 

(ssRNA) of 10,205 bases (Mari et al. 2002). TSV was tentatively classified in the 

Superfamily Picomaviridae (Bonami et al. 1997), and recent work has shown that it 

should be classified within the Genus "Cricket paralysis-like viruses" because it more 

closely resembles certain presently unclassified insect ssRNA viruses, such as Drosophila 

C Virus (DCV; Robles-Sikisaka et al. 2001; Mari et al. 2002). For diagnostic purposes, 

one TSV monoclonal antibody (MAb; TSV MAb 1 Al) was developed by Poulos et al. 

(1999), which recognizes an antigenic epitope somewhere in VPl. We previously 

implicated a span of 12 AAs in VPl as the putative antigenic epitope recognized by TSV 

MAb 1 AI from AA sequence and Western blot analysis (Erickson and Lightner in press). 
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TSV typing is required for several reasons; 1) to determine the relationship 

between TSV type and ciinical syndrome; 2) to identify new TSV types or variants; 3) to 

analyze TSV in relation to the potential of TSV vertical transmission from broodstock to 

offspring; and 4) to investigate TSV molecular epidemiology and genetic diversity. 

The purpose of the work reported in this paper was to fUrther evaluate the degree 

of relationship between the three Mexican TSV geographic and year isolates to the 

reference Hawaiian 1994 (HI94TSV) isolate by comparing the morphology of four 

isolates of TSV and characterizing and sequencing the major structural proteins of the 

four isolates of TSV. The resultant data on the NH^-terminal amino acid sequences of the 

major structural polypeptides was used to identify the relevant coding regions in the 

genome. The resultant data on the amino acid composition was used to analyze the 

hydrophilicity and predict the beta turn structure to further characterize the putative 

antigentic epitope of VP I. Here we present molecular evidence that the Sinaloa 1998 

TSV isolate is distinct from all other published sequences of TSV, and assign TSV 

electropherotype and 'serotype' designations. 

MATERIALS AND METHODS 

Virus isolates. The viral materials used in these studies were originally collected from 

Hawaii, USA; Sonora, Mexico; and Sinaloa, Mexico (Table 1). All TSV isolates were 
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obtained from acute phase TS and presented pathognomonic acute phase TSV lesions by 

H&E histology and confirmed by routine TSV in situ hybridization with TSV specific 

gene probes PI5 and Q1 (Mari et al. 1998; Erickson et al. in press). All analyses 

described herewith utilize HI94TSV as the reference isolate to compare and contrast with 

all other TSV geographic and year isolate data. It will be understood for this paper that 

the terminology "TSV isolate(s)" refers to "TSV geographic and year isolate(s)" and that 

all viral isolates from different geographic regions and years remained strictly separate 

during bioassay, purification and testing. Shrimp taxonomy as used in this paper is 

according to Holthius (1980). 

Virus purification and electron microscopy. TSV isolates used for testing were 

purified from experimentally infected P. vannamei tissue according to the procedure of 

Bonami et al. (1997). Purity of viral extracts and virion morphometry was assessed by 

transmission electron microscopy (TEM) using 2% phosphotungstic acid (PTA) as the 

negative stain according to the method of Bonami et al. (1990), using tobacco mosaic 

virus as an internal size calibrator (Hasson et al. 199S), and by routine diagnostic R.T-

PCR (Nunan et al. 1998; OIE 2000). The reference isolate TEM image is found in 

Bonami et al. (1997). 

Sodium dodecyl sulfate-polyacryiamidc gel electrophoresis (SDS-PAGE). The 

structural proteins of individual purified TSV isolates were denatured in Laenmili buffer 

(Laemmli 1970) containing 10 M urea and were separated using 10% SDS-PAGE 
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according to the protocol of Bonami et al. (1997). A premixed protein molecular weight 

marker (Boehringer Mannheim, Indianapolis, IN), with proteins ranging from 14.4 to 

97.4 IcD, was co-electrophoresed in the SDS-PAGE for reference. A prestained SDS-

P AGE standards low range marker (BIO-RAD, Hercules, C A), was also run in the SDS-

PAGE to provide a visual reference before and after transfer for Western blot analysis. 

The marker proteins had apparent molecular weights of 106, 81, 47.5, 36.3, 28.2, and 

20.8 kD. The gel containing the four purified TSV isolates was electrophoresed and then 

silver stained according to the protocol of Nielsen and Brown (1984). Protein migration 

profiles were assigned to electropherotypes based upon the relative mobility of VPl, 

VP2, and VP3. 

RT-PCR primers. Two TSV specific oligonucleotide primers amplified a 231 bp region 

of the TSV genome were employed to confirm the presence of TSV (Nunan et al. 1998) 

In each purified TSV preparation. Six additional TSV specific oligonucleotide primers 

designated as TSV55P1 and TSV55P2, TSV40P1 and TSV40P2, and TSV24P1 and TSV 

24P2 (Table 2) amplifying a 1303 bp, 1042 bp, and 671 bp region of the TSV genome, 

respectively, were used to amplify the entire VPl, VP2, and VP3 structural protein 

regions of the TSV genome (Erickson et al. in press). All primers were chosen using 

Primer Designer 4 (Scientific and Educational Software, Durham, NC) fi-om the TSV 

nucleotide and amino-acid sequence information for the Ecuadorian 1993 / HI94TSV, 

GenBank accession # AF277674 (Mari et al. 2002). 
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RT-PCR of purified TSV. The RT-PCR assays were done in solution, using 1.0 ^1 of 

purified virus as the RNA template. The 231 bp region of the TSV genome was 

amplified according to the protocol ofNunan et al. (1998) for detection of TSV by RT-

PCR. The Sigma© Enhanced Avian RT-PCR Kit (Sigma-Aldrich, Saint Louis, Missouri) 

was used for all TSV VPl (1303 bp fragment) amplification reactions. The conditions 

(fmal concentration in SO ^1 total volume) for one-step RT-PCR amplification of TSV 

VPl, VP2 and VP3 from purified TSV geographic and year isolates were those set forth 

in the manufacturer's protocol (Sigma© Enhanced Avian RT-PCR Kit, Sigma-Aldrich, 

Saint Louis, Missouri). The RNA template (TSV VPl, VP2 or VP3) and all the reagents 

were combined and reverse transcription was allowed to proceed at 50°C for 45 min, 

followed by 95°C for 5 min. After reverse transcription, PCR of each of the TSV 

structural proteins was allowed to proceed according to the following profiles; 1) the 

TSV VPl samples were amplified for 40 cycles using the following conditions; 

denaturation at 95°C for 1 min; annealing at 60°C for 45 s; and extension at 72''C for 1.5 

min; 2) the TSV VP2 samples were amplified for 40 cycles using the following 

conditions; denaturation at 95°C for I min; annealing at SO.d^C for 45 s; and extension at 

72°C for 1.5 min; and 3) the TSV VP3 samples were amplified for 40 cycles using the 

following conditions; denaturation at 9S''C for 1 min; annealing at 68°C for 1 min; and 

extension at 72°C for 1.5 min. A final extension at 72°C for 5 min followed the last cycle 

of each TSV structural protein PCR profile. RT-PCR products were visualized by 

standard agarose gel electrophoresis (Nunan et al. 1998). 
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Nucleotide and derived amino acid sequence and protein analysis. TSV nucleotide 

sequence data for VPl, VP2, and VP3 of the coat protein of MX99TSV, SIN98TSV, and 

SON2KTSV (GenBank accession number to be assigned) were obtained by sequencing 

the 1303 bp, 1047 bp, and 671 bp RT-PCR products, respectively, at the University of 

Arizona Genomic Analysis and Technology Core on an ABI PRISM® 377 DNA 

Sequencer with "XL" upgrades (Applied Biosystems, Foster City, California). The 

SIN98TSV VPl, VP2, and VP3 (GenBank accession # AF510515 and accession numbers 

to be assigned, respectively), MX99TSV VPl, VP2, and VP3 (GenBank accession # 

AF510516 and accession numbers to be assigned, respectively), and S0N2KTSV VPl, 

VP2, and VP3 (GenBank accession # AF510517 and accession numbers to be assigned, 

respectively), nucleotide and derived amino acid (AA) sequences (Erickson et al. in 

press) were compared to the HI94TSV VPl, VP2, and VP3 nucleotide and derived amino 

acid sequence data (GenBank accession # AFS10518 and accession numbers to be 

assigned, respectively). The VPl, VP2, and VP3 nucleotide and derived AA sequences 

from each of the TSV isolates were analyzed using the University of Wisconsin Genetics 

Computer Group (GCG) program (Devereux et al. 1984). VPl, VP2, and VP3 

hydrophilicity Kyte & Dooiittle analysis (Kyte and Doolittle 1982) and beta turn 

prediction analysis, calculated according the Gamier-Osguthorpe-Robson method 

(Gamier et al. 1978) were conducted using Align Plus 4 (Scientific and Educational 

Software). 
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Protein sequencing. The TSV structural proteins of the SIN98TSV isolate separated by 

10% SDS-PAGE were transferred to Immobilon-P®^ PVDF (0.2nm pore size) (Millipore 

Corporation, Bedford, MA) and the presence of proteins were visualized with 0.1% 

Coomassie blue (Madsudaria 1987; Wilson 1983). The VPl, VP2, and VP3 amino 

termini (NH3") from the SIN98TSV isolate were sequenced out 12 cycles at the 

University of Arizona Laboratory for Protein Sequencing and Analyses using an ABI 

477A pulsed-liquid protein sequencer (Applied Biosystems, Foster City, California). 

RESULTS AND DISCUSSION 

By electron microscopy, the morphology of virions of the three Mexican TSV 

isolates appeared indistinguishable from the Hawaiian 1994 reference TSV isolate (Fig 

1). The mean virion size representing all four TSV isolates is 31.80 nm (Table 3). The 

size and characteristic appearance of the virions agree with the description of the 

reference EC93TSV/HI94TSV isolate by Bonami et al. (1997). 

After SDS-PAGE, three major viral proteins were observed in all isolates (Figure 

2). The HI94TSV, MX99TSV, and SON2KTSV isolates shared three major bands of 

approximately 55, 40, and 24 kD. The SIN98TSV isolate displayed a slightly different 

VP I profile, in which VPl was approximately 51 kD instead of the recogm'zed 55 kD 

VPl of the reference isolate (Bonami et al. 1997). Protein migration profiles can be 
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assigned to electropherotypes based upon the relative mobility of the VPs (Winton and 

Einer-Jensen 2002). In regards to the four TSV isolates analyzed by SDS-PAGE (Fig 2), 

the first electropherotype (Etype-A) is designated to those TSV isolates that demonstrate 

the typical major VP migration pattern dictated by HI94TSV. Thus, TSV Etype-A 

includes HI94TSV, MX99TSV and SON2KTSV. The second electropherotype (Etype-

B) is designated to those TSV isolates that demonstrate the major VP migration pattern 

dictated by SIN98TSV, indicated by the 51 kD VPl instead of a 55 kD VPl. Presently, 

TSV Etype-B only includes SIN98TSV. Upon future collection and analysis of other 

TSV isolates, more TSV Etype-A, Etype-B, or additional TSV electropherotypes may be 

identified. La Patra et al. (1993) have shown a correlation between different 

electropherotypes of infectious hematopoietic necrosis virus and a difference in their 

virulence for salmonids. The difference in SIN98TSV was also suggested by virulence 

(via bioassay; Erickson and Lightner in press). 

The amino acid (AA) compositions of VPl, VP2 and VPS from the three Mexican 

TSV isolates were analyzed (Fig 3, 4, 5, respectively), using the HI94TSV isolate as 

reference. The VPl nucleotide sequence homology ofMX99TSV is 99%, while 

SIN98TS V and SON2KTS V both have a 98% homology to ffl94TS V VP 1. The VP I 

AA sequence homologies of all three Mexican isolates are 98% compared to HI94TSV 

VPl. The VP2 nucleotide sequence homology of SIN98TSV is 98%, while MX99TSV 

and S0N2KTSV both have a 99% homology to HI94TSV VP2. The VP2 AA sequence 

homologies of all three Mexican isolates are 99% compared to HI94TSV VP2. The VP3 
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nucleotide sequence homology of MX99TSV is 99%, while SIN98TSV and S0N2KTSV 

both have a 98% homology to HI94TSV VP3. The VPS AA sequence homology of 

MX99TSV is 100%, SIN98TSV is 99% and S0N2KTSV is 98%, compared to HI94TSV 

VPS. 

The following nucleotide and protein sequences, comprising the complete major 

structural viral proteins of each isolate, will appear in the NCBI GenBank database; 

SIN98TSV 51 kD VPl, 40 kD VP2, and 24 kD VPS (VPl Genbank accession # 

AF510515, VP2 and VPS GenBank accession #s to be assigned); MX99TSV 55 kD VPl, 

40 kD VP2, and 24 kD VPS (VPl Genbank accession # AF510516, VP2 and VPS 

GenBank accession #s to be assigned); and SON2KTSV 55 kD VPl, 40 kD VP2, and 24 

kD VPS (VPl Genbank accession # AF510517, VP2 and VPS GenBank accession #s to 

be assigned). As expected, searches of the NCBI data-base using the BLAST algorithm 

revealed a relationship (E values 0.0) between all three Mexican isolates VPl, VP2, and 

VPS and the EC9STSV/HI94TSV isolate (GenBank accession # NC0OSOO5; Mari et al. 

2002) and the Mexican 1999 isolate (GenBank accession # AF277378; Robles-Sikisaka 

et al. 2001). No other significant relationships were revealed for the three Mexican 

isolates VPl, VP2, and VPS, thus the isolates probably evolved from the original 

Ecuadorian/Hawaiian TSV isolate (Hasson et al. 1985; Bonami et al. 1997; Mari et al. 

2002). 
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Our data from electrophoresis indicates that VPl of SIN98TSV migrates to a 

different position than does VPl of the reference strain HI94TSV. Furthermore, when 

the VPl bands were reacted with MAb I Al by Western blotting, SIN98TSV VPl does 

not react whereas the VPl band from HI94TSV does react (Erickson et al. in press). 

Due to the difference in SIN98TSV VPl (51 kD) compared to the reference HI94TSV 

VPl (55 IcD) seen by SDS-PAGE, NHj-terminal AA sequencing (12 cycles) was 

conducted. SIN98TSV VPl, VP2 and VPS were SKDRDMTKVNAY, 

ANPVEIDNFDTT and AGLDYSSSDTST, respectively. Comparing the NH2-tenninai 

AA sequences of VPl from isolates HI94TSV and SIN98TSV, we were able to confirm 

that SIN98TSV's putative VPl, VP2 and VP3, demonstrated by SDS-PAGE were indeed 

VPl, VP2 and VP3, respectively. The VP I amino termini sequences were compared to 

the VPl nucleotide sequences from all four isolates and found to contained the AA 

sequence SKDRDMTKVNAY (Fig 6), which corresponds to the first reading frame of 

the VPl nucleotide sequences (GenBank accession #s AF510515, AF510516, AF510517 

and AF510518 corresponding to SIN98TSV VPl, MX99TSV VPl, SON2KTSV VPl 

and HI94TSV VPl, respectively) obtained from the 1303 bp amplicons. 

A virus serotype is typically defined on the basis of the specificity of the 

antibody-virus reaction (Shinnick et al. 1984). Virus serotypes can be identified and 

defined by patterns of reactivity of the purified virus with known typing sera (eg. 

reference strain of TSV (Hawaii 1994 isolate: HI94TSV) to TSV MAb I Al) or by pattern 

of the antisera elicited by the new virus (eg. TSV geographic and year isolates) with 
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known typing viruses (eg. HI94TSV). For example, utilizing these serotyping protocols. 

Hepatitis B-viruses (HBVs) were classified into four serotypes and HVB Ab specificity 

was found to be cause by a variation in the immunogenic and antigenic determinants of 

the virus, with several strains having one 21AA residue region serological marker on 

HBsAg in common (Gailbert et al 1979, Pasek et al 1979, Valenzuela et al 1979, 

Shinnick et al. 1984). Regarding human enteroviruses, which are in the Superfamily 

Picomaviridae (of which TSV is also member), VPl capsid protein is located mainly at 

the virion surface (Caro et al. 2001), and its nucleotide sequence has been shown to 

correlate to enterovirus serotypes (Oberste et al. 1999). Schild et al. (1984) identified an 

eight AA sequence of PV VPl that was recognized as a major antigenic site involved in 

virus neutralization and type specificity. Although AA substitutions are involved in virus 

neutralization and type specificity, base substitutions are ultimately responsible, with less 

than 10 base substitutions being responsible for changes in virulence, strain differences, 

and phenotypic presentation of VPl (Schild et al. 1984). 

The derived AA sequence of VPl of isolates SIN98TSV, MX99TSV and 

SON2KTSV have a 98% homology with the VPl AA sequence of reference isolate 

HI94TSV (Fig 3). The hypothesis that isolates SIN98TSV, MX99TSV and S0N2KTSV 

differ structurally fi-om HI94TSV in the epitope recognized by MAb I Al, presented by 

Erickson et al. (in press), is supported by the AA substitutions at positions 292, 300, and 

301 (Fig 3). This is the only region in VPl in which all three isolates differ from 

HI94TSV and constitutes a span of 10 AA residues, with SIN98TSV having an 83.3% 
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nucleotide homology and a 70% AA homology to HI94TSV within the 10 AA region 

(Fig 3). 

Local secondary structure, such as the substitution of a polar residue for a 

hydrophobic residue, can be dramatically altered by significant changes in AA sequence, 

which may lead to the exposure of previously buried residues (Rowlands et al. 1983). 

The substitution of a charged residue such as lysine for a polar residue such as threonine 

could greatly alter Ab affinity and account for a portion of strain specificity of 

neutralization (Shinnick et al. 1984). SIN98TSV VPl has two significant AA 

substitutions, one at AA 300 changes from a glycine (G; which only has a hydrogen for a 

side chain) to a serine (S; which is a polar AA) and one at AA 301 changes from a G to a 

lysine (K; which is a charged AA), which may account for a conformational change of 

the epitope significant enough to prevent MAb 1 Al from binding (Erickson and Lightner 

in press). MX99TSV VPl and SON2KTSV VPl contain identical substitutions at AA 

301 (glycine to arginine; G to R) and AA 304 (arginine to lysine: R to K; insignificant 

substitution within the charged AA group), which may account for a subtle 

conformational change of the epitope responsible for the reduction in afHnity of MAb 

1 Al to the putative antigenic epitope reported by Erickson et al. (in press). 

Beta turn prediction coupled with hydrophilicity analysis is routinely used to 

identify putative antigenic regions of proteins (Gamier et al. 1978, Kyte and Doolittle 

1982). Gamier-Osguthorpe-Robson protein structure analysis (1978) calculates the 
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predicted secondary structure of a protein. For each AA residue, the calculated values 

indicate the likelihood for that residue to be in helix, sheet, turn, or coil states. For the 10 

AA region hypothesized in HI94TSV VPl to be the putative epitope recognized by MAb 

1 Al, four AA residues (AA 293, 294, 299, and 301; Turn values 137, 128, 203, and 163, 

respectively) were identified to be beta turn structures and be exposed on the surface of 

the protein. When this AA region of SIN98TSV VPl is analyzed, only two AA residues 

(AA 295 and 301; Turn values 58 and 100, respectively) were identified to be beta turn 

structures and be exposed on the surface of the protein. 

Kyte-Doolittle hydrophilicity analysis (1982) represents a composite 

hydrophobicity scale, in which each value provided for an individual AA is the average 

of the values of 5 adjacent residues and is plotted at the middle residue. These values fall 

within a range of +4 to -4, with hydrophilic residues having a negative score. TSV VP 1 

hydrophilicity (protein) analysis (Kyte & Doolittle 1982) demonstrates that the VPl AA 

substitutions in SIN98TSV from HI94TSV at AA positions 300, and 301 are significant 

enough to change the Kyte-Doolittle predictions for HI94TSV from a less hydrophilic 

state (-1.340 and -1.840, respectively), as to a more hydrophilic state (-2.120 and -

2.620, respectively) in SIN98TSV. An opposite change is seen at AA 292, where 

En94TSV is changed from a less hydrophobic state (1.460) to a more hydrophobic state 

(1.540). 
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Applying these two methods to compare the three Mexican isolates VP Is to 

HI94TSV VP I, we are able to provide further evidence to corroborate the hypothesis that 

the 10 AA region spanning from AA positions 292 to 301 (Fig 3) forms the putative 

epitope on HI94TSV VP I recognized by MAb I Al. The evidence is as follows; I) the 

lOAA region of VPl, when analyzed by the Garnier-Osgurhorp-Robson method (1978), 

is demonstrated to likely form a turn structure which is exposed on the surface of the 

VPl, but that turn structure is decreased by two AA positions in both SIN98TSV, and 2) 

the 10 AA region of VPl, when analyzed by the Kyte-Doolittle method (1982) is 

calculated to change to a significantly increased state of hydrophilicity or hydrophobicity 

in SIN98TSV VPl at positions 292, 300, and 301, indicating the AA substitutions are 

significant enough to change the surface structure of the putative epitope. This data 

coupled with the MAb analysis results indicate that the significant changes of the three 

AA residues (292, 300, and 301) in the identified 10 AA region are significant enough to 

change the antigenic epitope on SIN98TSV VPl to not be recognized by MAb 1 Al. 

The derived AA sequence of all three TSV isolates VP2 have a 99% homology 

with the VP2 AA sequence of reference isolate HI94TSV (Fig 4). The SIN98TSV VP2 

AA substitutions at AA positions 24 (T to I; substitution from a polar AA to a 

hydrophobic AA) and at AA position 220 (Q to K; substitution from a polar AA to a 

charged AA) both contain significant AA substitutions between the respective AA groups 

designated by the reference HI94TSV VP2 sequence. MX99TSV and SON2KTSV both 
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contain an identical insignificant AA substitution at AA position 100 (histadine to 

tyrosine; both polar AAs). 

The derived AA sequence of VP3 of MX99TSV demonstrates 100% homology 

with the VP3 AA sequence of reference isolate HI94TSV. SIN98TSV VP3 has a 99% 

homology with HI94TSV VP3, containing one significant AA substitution in the protein 

sequenced NH2-termini region from a threonine (T) to a lysine (K). S0N2KTS V VP3 

also has a 99% homology with HI94TSV VP3, but contains two significant AA 

substitutions, the identical T to K substitution at AA position 10 as SIN98TSV and an 

additional AA substitution at AA position 41 from a leucine to a serine (L to S; 

substitution from a hydrophilic AA to a polar AA). The AA substitution at AA number 

10 of SIN98TSV and SON2KTSV VP3 is the only instance of an AA substitution in the 

NH2-termini of any of the major TSV structural viral proteins analyzed among the three 

Mexican isolates. 

Non-neutralizing MAbs have been created and utilized for the identification, 

characterization, and serotypic analysis of viral hemorrhagic septicemia (VHS) isolates in 

salmonids (Winton and Einer-Jensen 2002). In relation to TSV, the TSV MAb IA1 may 

possibly be equivalent to a neutralizing Ab because the region on VP 1 that TSV MAb 

IA1 binds to is a putative exposed epitope on the surface of VPl, based upon 

hydrophilicity and protein analysis testing, and the AA sequence corresponding to the 
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putative epitope difference among the TSV isolates, with S1N98TSV having 81.8% 

homology within the 10 AA region (Fig 3). 

Based upon the results presented in this paper, according to the previously cited 

serotype literature, we propose that there are at least two distinct serotypes of TSV, with 

Serotype A (TSV-A) representing those TSV isolates conforming to VPl properties of 

the Hawaiian 1994 TSV isolate, and Serotype B (TSV-B) representing those TSV isolates 

conforming the VPl properties of the Sinaloan 1998 TSV isolate. TSV-A can be divided 

into two subtypes based upon antigenic and genetic data. TSV-A subtype I will include 

HI94TSV and TSV-A subtype 2 will include MX99TSV and SON2KTSV. No subtypes 

will be assigned to TSV-B until additional TSV isolates representative of TSV-B, but 

differing from SIN98TSV in antigenic and genetic data, are identified, at which time 

S1N98TSV will be designated TSV-B subtype 1. 

In summary and in comparison to the reference HI94TSV isolate, the 

characteristics of SIN98TSVare as follows: 1) Genome sequence relatedness - 98-99% 

nucleotide homology of VPl, VP2 and VP3 compared to HI94TSV VPs; 2) Natural host 

range - field reports that TSV in Sinaloa, Mexico (putative SIN98TSV isolate) now able 

to infect and cause clinical disease in P. stylirostris at aquaculture facilities; 3) Cell and 

tissue tropism - conforms to that of HI94TSV by histopathology (Erickson et al. in 

press); 4) Pathogenicity and cytopathology - SIN98TS V able to cause up to 90% 

mortality in P. stylirostris, where previously 0% mortality was more typical in TSV-
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infected P. stylirostris in Mexican farms (Zarain-Herzberg and Ascencio-Valle 2001), but 

only produced 43% mortality in P. vanncmei via routine bioassay; 5) Mode of 

transmission - previously only by experimental injection in P. stylirostris, but now 

putative per os mode in field, whereas HI94TSV was reported by Erickson and Lightner 

(submitted) to only be able to infect and cause TS in P. stylirostris by experimental 

injection, not per os\ and 6) Antigenic properties of viral proteins -a) inability of TSV 

MAb (1 Al) to react with SI kD protein present instead of 55 kD protein seen in 

HI94TSV and b) only 70.0% AA homology with HI94TSV putative antigenic epitope 

recognized by TSV MAb. 

Based upon the SIN98TSV properties, we believe it to be a new strain of TSV 

based upon the differences in AA sequence relatedness, electropherotype designation, 

putative VPl structural differences, natural host range, pathogenicity, mode of 

transmission, and antigenicity of viral proteins ('serotype' designation). But based upon 

the ICTV's requirements for a new species (ICTV 2000), we cannot yet say whether the 

SIN98TSV isolate should be classified as a new species. Future work needs to be 

conducted to analyze the anecdotal industry reports regarding natural host range and 

mode of transmission, as specific pathogen free (SPF; Lotz 1997) P. stylirostris were not 

available for use at the time of this study. But, we have documented more than just 

genomic and antigenic differences between the SIN98TSV isolate and that of the 

HI94TSV reference isolate. 
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One would expect RNA quasispecies (Eigen 1993; Smith et al. 1997) to have a 

high mutation rate, but as reported by Jorgensen et al. (1995), the distribution of changes 

in the IHNV G gene suggest that random mutation does not operate alone, but perhaps in 

concert with positive (e.g. "antigenic sites under immunoselection by neutralizing 

antibodies") or negative (e.g. "domains that are crucial for correct folding of the G 

protein") selection. Possibly random mutation is not the only player responsible in the 

above noted TSV strain differences. As penaeid shrimp stocks in the aquaculture 

industry are constantly being selected and bred for a myriad of qualities, including TSV 

resistance, possibly host selection pressure is playing a role in generating or positively 

selecting for TSV strain, electropherotype, and 'serotype' differences, ultimately 

resulting in either a TSV that is more or less virulent to P. vannamei or able to infect 

other species. As additional TSV isolates are acquired from the field and archived 

samples, it would be informative to analyze the degree of relationship between other pairs 

of TSV isolates, both in reference to the HI94TSV isolate and each other, to gain further 

information on the importance of geographical and host pressure on TSV evolution. 
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Table 1. Description of the TS V isolates collected from cultured juvenile penaeid shrimp 

during reported TSV natural. 

TSV Isolate Collection Source species Collection 
location year 

HI94TSV Hawaii, USA Penaeus vannamei 1994 
SIN98TSV Sinaloa, Mexico P. vannamei 1998 
MX99TSV Sonora, Mexico P. stylirostris 1999 
SON2KTSV Sonora, Mexico P. stylirostris 2000 
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Table 2. Oligonucleotide primers designed, using the nucleotide sequence of HI94TSV, 

GenBank accession # AF277674, and employed in RT-PCR amplification of TSV VPl, 

VP2,and VP3. 

Amplicon Primer Nucleotide Length Amplicon 
designation position of primer length 

VPl TSV55P1 7901 20-mer 1303 bp 
TSV55P2 9203 20-mer 

VP2 TSV40PI 6841 20-mer 1042 bp 
TSV40P2 7881 20-mer 

VP3 TSV24P1 9308 20-mer 671 bp 
TSV24P2 9978 20-mer 
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Table 3. Morphometry of TSV isolates Hawaii 1994 (HI94TSV; reference isolate), 

Sinaloa 1998 (SIN98TSV), Mexico 1999 (MX99TSV), and Sonora 2000 (SON2KTSV) 

virions after negative staining. 

TSV isolate Size of intact virions 

[diameter (nm)]* 

ra94TSV 31.485 ± 1.187 

SIN98TSV 32.038 ± 1.354 

MX99TSV 31.378 ± 1.575 

SON2KTSV 32.286 ± 1.067 

*The sizes of viruses were expressed as; mean±standard deviation. Twenty virions were 

measured for each sample. 
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Figure 1. Transmission electron nucrographs of TSV virions after staining with 2% 

PTA. Mexican geographic and year isolates of TSV are; 1 A) MX99TSV; 2B) 

SIN98TSV; IC) S0N2KTSV. Bars = 100 nm. 
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Figure 2. The structural protein profiles of four geographic and year isolates of TSV 

separated by SDS-PAGE in a 10% polyacrylamide gel. Lane M contains the 

molecular weight marker; lanes I - 4 contain purified HI94TSV, SIN98TSV, 

MX99TSV, and SON2KTSV, respectively. Size of known TSV structural 

proteins indicated on right side of photo. SIN98TSV 51 kD VP 1 band 

instead of expected 55 kD VPl band of the reference HI94TSVisolate and the 

MX99TSV and SON2KTSV isolates. 

M 1 2 3 4 
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Figure 3. VPl deduced amino acid sequences from SIN98TSV, MX99TSV and 

SON2KTSV (GenBank accession #s AF510515, AF510516 and AF510517, 

respectively) compared to the HI94TSV amino acid sequence (GenBank 

accession # AF510518). All three isolates (SIN98TSV, MX99TSV and 

SIN98TSV) demonstrate 98% homology with HI94TSV VPl amino acid (AA) 

sequence. The only region in which all three isolates differ from HI94TSV 

constitutes a span of 12 AA residues (AA position 292 through 304). SIN98TSV 

VPl has two significant AA substitutions, one at AA 300 and one at AA 301, 

which may account for a conformational change of the epitope significant enough 

to prevent MAb 1A1 from binding. MX99TSV VPl and SON2KTSV VPl 

contain identical substitutions at AA 301 and AA 304, which may account for a 

subtle conformational change of the epitope responsible for the reduction in 

affinity of MAb 1A1 to the putative antigenic epitope. 
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Figure 4. VP2 deduced amino acid sequences from SIN98TSV, MX99TSV and 

SON2KTSV (GenBank accession #s pending) compared to the HI94TSV VP2 

amino acid sequence (GenBank accession # pending). The derived AA sequence 

of all three TSV isolates VP2 have a 99% homology with the VP2 AA sequence 

of reference isolate HI94TSV. The SIN98TS V VP2 AA substitutions at AA 

positions 24 (threonine to isoleucine) and 220 (glutamine to lysine) both contain 

significant AA substitutions between the respective AA groups (i.e. hydrophobic, 

charged or polar AA groups) designated by the reference HI94TSV VP2 

sequence. MX99TSV and S0N2KTSV both contain an identical insignificant AA 

substitution at AA position 100 (histadine to tyrosine; both polar AAs). 
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Figure 5. VP3 deduced amino acid sequences from SIN98TSV, and BLZ02TSV 

(GenBank accession #s pending) compared to the HI94TSV amino acid sequence 

(GenBank accession # AF510518). The derived AA sequence of VP3 of 

MX99TSV demonstrates 100% homology with the VP3 AA sequence of 

reference isolate HI94TSV, the SIN98TSV VP3 has a 99% homology with 

HI94TS V VP3, containing one significant AA substitution in the NH2-termini 

region from a threonine (T) to a lysine (K), and the SON2KTS V VP3 has a 99% 

homology with HI94TSV VP3, containing two significant AA substitutions. 

The AA substitution at AA number 10 of SnM98TSV and S0N2KTSV VP3 is the 

only instance of an AA substitution in the NHi-termini of any of TSV structural 

viral proteins. 
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ABSTRACT 

Anecdotal industry reports of TS epizootics of a magnitude previously not seen 

since the initial TS epizootics in Penaeus vannamei suggested that a distinct new TSV 

strain might have emerged since the Sinaloa 1998 TSV isolate (SIN98TSV; TSV 

serotype B). The Hawaiian 1994 TSV isolate (HI94TSV; TSV seroptype A) is used as 

reference throughout this investigation. The Belize 2002 isolate of TSV from a naturally 

occurring TS epizootic of cultured P. vannamei was obtained from Belize, Central 

America. Selected TSV diagnostic methods set forth by the OfRce International des 

Epizooties were utilized as the basis for isolate analysis. The BLZ02TSV VPl, VP2, and 

VP3 (GenBank accession numbers to be assigned) were compared to The HI94TSV VPl, 

VP2, and VP3 (GenBank accession # AF510518, VP2 and VP3 accession numbers 

pending) nucleotide and derived amino acid (AA) sequence data and found to have 96, 

98, and 100% homology to HI94TSV VPl, VP2, and VP3 AA sequence, respectively. 

Within the putative antigenic epitope recognized by MAb 1 A, BLZ02TSV has a 80% AA 

homology to HI94TSV within the 10 AA region. By Western blot, immuno-dot blot, and 

immunohistochemistry, the BLZ02TSV purified isolate reacted with TSV polyclonal 

antibody (PAb). Based upon the MAb positive reaction data of the native purified virus 

via immuno-blot hybridizaiton (consistent with MAb I Al binding to TSV-A VPl), the 

MAb negative reaction data of the Western blot hybridization and IHC (consistent with 

the lack of binding of MAb 1 Al to TSV-B VPl), and the novel electropherotype in 

which VPl properties of the BLZ02TSV 53 kD VPl, differing from the 55 kD VPl 
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properties of TSV A or the 51 kD VPl properties of TSV B, we can conclude that 

BLZ02TSV represents a new (third) 'serotype', TSV serotype C (TSV-C). 

INTRODUCTION 

The worldwide geographic distribution of TSV indicates that the same virus or 

closely related viruses are responsible for the TS epizootics that have occurred 

throughout the Americas since 1992 (Hasson et al. 1999; Lotz 1997b). Ecuadorian 1992 

and Hawaiian 1994 TSV isolates were found to be identical in their biophysical, 

biochemical and biological characteristics (Bonami et al. 1997). However, Erickson et al. 

(in press) have reported a new TSV strain isolated in 1998 from a P. vannamei TS 

epizootic in Sinaloa, Mexico (SIN98TSV) indicating that this strain of TSV probably 

evolved from the original Ecuadorian/Hawaiian isolate characterized by Bonami et al. 

(1997) and Man et al. (2002). Recent industry reports of TS epizootics in Belize, of a 

severity not seen in western penaeid shrimp aquaculture since the initial TS epizootics, 

suggest that TSV has changed to become a new and more virulent strain of the virus, 

potentially responsible for the recent Belize TS epizootics. If TSV has changed again 

since 1998, it is possible that a change in the virus, potentially in its structural proteins, is 

responsible for the emergence of the recent TS epizootics in Belize. 

Taura syndrome virus (TSV), the etiologic agent of Taura syndrome (TS), was 

tentatively classified in the Superfamily Picomaviritkte (Bonami et al. 1997), and recent 

work has shown that it should be classified within the Genus "Cricket paralysis-like 
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viruses" because it more closely resembles certain presently unclassified insect ssRNA 

viruses, such as Drosophila C Virus (DCV; Robles-Sikisaka et al. 2001; Mari et al. 2002). 

TSV is a 32 nm, icosahedreal, non-enveloped viral particle with a buoyant density of 

1.338 g/ml. Its protein capsid is comprised of three major polypeptides (55, 40, 24 IcD 

designated VPl, VP2 and VP3, respectively) and one minor polypeptide (58 kD 

designated VO) (Bonami et al. 1997; Robles-Skikisaka et al. 1999; Mari et al. 2002). The 

TSV genome consists of a linear, positive-sense, single-stranded ribonucleic acid 

(ssRNA) of 10,205 bases (Mari et al. 2002). Erickson et al. (in press) have reported that 

there are at least two distinct serotypes of TSV, with Serotype A (TSV-A) representing 

those TSV isolates conforming to VPl properties of the Hawaiian 1994 TSV isolate, and 

Serotype B (TSV-B) representing those TSV isolates conforming the VPl properties of 

the Sinaloan 1998 TSV isolate. 

Current Office International de Epizooties (OIE) recommended diagnostic and 

detection methods for TSV include histopathology, bioassay, in situ hybridization (ISH) 

with TSV specific gene probes, reverse-transcription polymerase chain reaction (RT-

PCR) with TSV specific primers, and immunoassays with TSV specific antibodies (OIE 

2000). The apparent recent change in TSV and its ability to cause high TS mortalities in 

P. vannamei, that have not been seen in the industry since the original TS outbreaks in 

1992-1996, raises serious questions about the potential emergence of another new TSV 

strain and the ability of OIE (2000) recognized detection methods for TSV to detect the 

BLZ02TSV isolate. The current report details the analysis and characterization of the 
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Belize 2002 TSV isolate, utilizing selected ODE recommended TSV diagnostic and 

detection methods, nucleotide and amino acid sequence analysis, and discusses the 

implications of another new TSV strain to the detection of the TSV quasi-species and 

serotypes in penaeid shrimp. 

MATERIALS AND METHODS 

Shrimp. Shrimp taxonomy as used in this paper is according to Holthius (1980). For 

bioassays and virus generation, specific pathogen free (SPF) (Lotz 1997a) Kona stock 

Penaeus vannamei obtained from the Oceanic Institute's SPF breeding program (Hawaii) 

(Wyban et al. 1992; Carr et al. 1996) were reared and maintained according to the 

protocol of Williams et al. (1992). The SPF Kona stock P. vannamei is the reference 

shrimp line (indicator species) used in all University of Arizona Aquaculture Pathology 

Laboratory (UAZAPL) penaeid shrimp virus research (Erickson et al. in press). 

Virus isolates. The origin of the viral materials used in this study is listed in (Table 1). 

The TS disease status of the shrimp was confirmed by routine histopathology with 

hematoxylin and eosin-phloxine (H&E) staining (Lightner et al. 199S; 1997b; Lightner 

1996a). Experimental quantities of the viruses were obtained by feeding or by 

intramuscular injection of SPF P. vannamei (Lotz 1997b; Wyban et al.l992) with TSV 

infected shrimp homogenates according to the protocol of Hasson et al. (1995). All 
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moribund shrimp were collected for histopathology and/or virus purification and 

mortality data was recorded daily. All analyses utilized the 1994 isolate from Hawaii 

(HI94TSV) as the reference isolate. For the purposes of this paper the term "TSV 

isolate(s)" refers to "TSV geographic and year isole.te(s)". All viral isolates from 

different geographic regions and years were kept strictly separate during bioassay, 

purification and testing (Table 1). 

Virus purification and electron microscopy. TSV isolates used for testing were 

purified fi'om experimentally infected P. vannamei tissue according to the procedure of 

Bonami et al. (1997). Purity of viral extracts and virion morphometry was assessed by 

transmission electron microscopy (TEM) using 2% phosphotungstic acid (FTA) as the 

negative stain according to the method of Bonami et al. (1990), using tobacco mosaic 

virus as a calibrator (Hasson et al. 1995), and by routine diagnostic RT-PCR (Nunan et al. 

1998; OE 2000). 

Statistical Analysis. All TSV isolates intact virion morphometry (diameter in nm), as 

visualized by TEM with 2% PTA as the negative stain, were analyzed by Paired-Sample 

T-test (Fisher 1935) using SPSS for Windows 9.0 (SPSS, Inc., Chicago, Illinois) to test 

the morphometry size difference between the BLZ02TSV isolate and the reference 

HI94TSV (TSV-A) and SIN98TSV (TSV-B) isolates. Each individual intact virion was 

used as the experimental unit (N= 20 per TSV isolate). Alpha was set to 0.05. 



230 

Antibodies. Mouse anti-TSV polyclonal antibody (PAb) used in this study was produced 

as described by Poulos et al. (1999) and stored at ~20°C until used. The mouse anti-TSV 

monoclonal antibody (MAb) used was MAb 1 Al supernatant fluid maintained and 

produced by UAZAPL as described by Poulos et al. (1999). 

Immuno-dot blot assays. A MAb titration assay was conducted to determine the 

concentration of MAb 1 Al in the supernatant fluid used for immunoassays. Purifled 

virus isolates employed in the assay were of two forms: 1) native, non-altered purified 

viral preparation, and 2) denatured, purified viral preparation boiled for 10 min at 100 °C 

(OIE 2000). Speciflcity assays for PAb and MAb to individual TSV isolates, followed 

the protocol of Poulos et al. (1999). Reactions were graded using the PAb at a dilution of 

1:1000 against purified HI94TSV isolate, with G4 being the strongest and Gl being the 

weakest. A negative reaction was one in which no color spot was visible in the well. The 

secondary antibody (goat anti-mouse (Fab')* IgO heavy and light chain) was used as a 

negative control without the primary antibody. 

Sodium dodecyi suifate-poiyacrylamide gel electrophoresis (SDS-PAGE). The 

structural proteins of individual purified TSV isolates were denatured in Laemmli buffer 

(Laemmli 1970) containing 10 M urea and separated using 10% SDS-PAGE according to 

the protocol of Bonami et al. (1997). A premixed protein molecular weight marker 

(Boehringer Mannheim, Indianapolis, IN), with proteins ranging from 14.4 to 97.4 kD, 

was co-electrophoresed in the SDS-PAGE for reference. A prestained SDS-PAGE 
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standard, low range marker (BIO-RAD, Hercules, C A), was also run to provide a visual 

reference for Western blot analysis. The marker proteins had apparent molecular weights 

of 106, 81, 55.5, 38.5, 28.2, and 18.8 kD or 106, 81, 47.5, 36.6, 28.2, and 20.8 kD. Two 

simultaneous gels containing the purified HI94TSV and BLZ02TSV isolates were 

electrophoresed. One of the gels was silver stained according to the protocol of Nielsen 

and Brown (1984) and the other gel was used for transfer to nitrocellulose. A third gel 

containing the four purified TSV isolates was electrophoresed and used for transfer to a 

polyvinyliden diflouride-type membrane (PVDF). 

Western blot analysis. The TSV structural proteins of the four isolates separated by 

10% SDS-PAGE were transferred to a nitrocellulose membrane (Towbin et al. 1979; 

Poulos et al. 1999) and the presence of proteins were visualized with 0.5% Ponceau Red 

(0.5 ml Ponceau Red, 1ml glacial acetic acid, 98.5 ml DDH2O) (Sigma, Saint Louis, 

Missouri) according to the protocol ofNakamura et al. (1985). The Western blot assay 

was conducted according to the protocol of Poulos et al. (1999, 2001). Each TSV isolate 

on the membrane was reacted with anti-TSV PAb (diluted 1:1000) or anti-TSV MAb 

I Al (undiluted) and the reactions to the proteins were visualized and graded as in the 

immuno-dot blot assay. Leibovitz's Medium L-15 (Irvine Scientific, Santa Ana, CA) 

was used as a negative control for the primary antibody. 

Immunohistochemistry on fixed sections. Experimentally infected moribund shrimp 

were fixed according to standard methods (Bell and Lightner 1998) with Davidson's 



232 

alcohoi-formalin-acetic acid (AFA) for 24 hr. Tissues were processed and 

immunohistochemistry on fixed sections was performed according to the protocol of 

Poulos et al. (2001), using anti-TSV MAb as the primary antibodies (Erickson et al. in 

press). The slides were examined by light microscopy for the presence of a blue-black 

precipitate in the cytoplasm of TSV infected cells. 

RT-PCR primers. Two TSV specific oligonucleotide primers amplified a 231 bp region 

of the TSV genome were employed to confirm the presence of TSV (Nunan et al. 1998) 

in each purified TSV preparation. Six additional TSV specific oligonucleotide primers 

were used to amplify the entire VP 1, VP2, and VP3 structural protein regions of the TSV 

genome (Erickson et al. in press, Erickson 2002). Primers designated as TSV55P1 and 

TSV55P2, TSV40P1 and TSV40P2, and TSV24PI and TSV 24P2 (Table 2) amplify a 

1303 bp, 1047 bp, and 671 bp region of the TSV genome, respectively (Erickson 2002). 

RT-PCR of purified TSV. The RT-PCR assays were done using 1.0 ^l of purified virus 

as the RNA template. The 231 bp region of the TSV genome was amplified according to 

the protocol of Nunan et al. (1998). The Sigma© Enhanced Avian RT-PCR Kit (Sigma-

Aldrich, Saint Louis, Missouri) was used for all TSV VPl, VP2, and VP3 amplification 

reactions. The conditions (final concentration in 50 til total volume) for one-step RT-

PCR amplification of TSV VPl from purified TSV isolates were those set forth in the 

manufacturer's protocol. The RT-PCR protocol employed to amplify the VPl fragments 

were according to Erickson et al (in press) and the RT-PCR protocols employed to 
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amplify the VP2 and VP3 fragments were according to Erickson (2002). RT-PCR 

products were visualized by standard agarose gel electrophoresis (Nunan et al. 1998). 

In situ hybridization. Shrimp used for immunohistochemistry were also evaluated by in 

situ hybridization (Bruce et al. 1993; Lightner 1996a) utilizing TSV DIG-labeled TSV 

specific gene probes PIS and Q1 (Mari et al. 1998; Nunan et al. 1998) according to the 

procedures of Lightner (1996a), Mari et al. (1998) and Hasson et al. (1999). The TSV 

specific gene probes were DIG-labeled as described in Erickson et al. (in press). 

Nucleotide and derived amino acid sequence and analysis. TSV nucleotide sequence 

data for VP I, VP2, and VP3 of the coat protein of BLZ02TSV (GenBank accession 

number pending) was obtained by sequencing the 1303 bp, 1047 bp, and 671 bp RT-PCR 

products, respectively, at the University of Arizona Genomic Analysis and Technology 

Core on an ABI PRISM® 377 DNA Sequencer with "XL" upgrades (Applied 

Biosystems, Foster City, California). The HI94TSV VPl, VP2, and VP3 (GenBank 

accession # AF510518 and accession numbers pending, respectively) and SIN98TSV 

VPl, VP2, and VP3 (GenBank accession #'s AF5105I5 and accession numbers pending, 

respectively), nucleotide and derived amino acid (AA) sequences (Erickson et al. in 

press; Erickson 2002) were compared to the BLZ02TSV VPl, VP2, and VP3 nucleotide 

and derived amino acid sequence data (GenBank accession numbers pending). The VPl, 

VP2, and VP3 nucleotide and derived AA sequences from each of the TSV isolates were 

analyzed using the University of Wisconsin Genetics Computer Group (GCG) program 



234 

(Devereux et al. 1984). VP I, VP2, and VP3 hydrophilicity Kyte & DooHttle analysis 

(Kyte and Doolittle 1982) and beta turn prediction analysis, calculated according the 

Gamier-Osguthorpe-Robson method (Gamier et al. 1978) were conducted using Align 

Plus 4 (Scientific and Educational Software). 

Protein sequencing. The TSV structural proteins of the BLZ02TS V isolate separated by 

10% SDS-PAGE were transferred to Immobilon-P^^ PVDF (0.2(im pore size) (Millipore 

Corporation, Bedford, MA) and the presence of proteins were visualized with 0.1% 

Coomassie blue (Madsudaria 1987; Wilson 1983). The VPl, VP2, and VP3 amino 

termini (NHs ) from the BLZ02TSV isolate were sequenced out 12 cycles at the 

University of Arizona Laboratory for Protein Sequencing and Analyses using an ABI 

477A pulsed-liquid protein sequencer (Applied Biosystems, Foster City, California). 

RESULTS AND DISCUSSION 

The purpose of this study was to determine whether or not the Belize 2002 TSV 

isolate that was reported by the industry to have an increased virulence in previously TS 

refractive penaeid shrimp stocks could be detected and distinguished from TSV-A 

(HI94TSV) and TSV-B (SIN98TSV; Erickson et al. in press) using selected OIE TSV 

diagnostic and detection methods and protein analysis. These isolates from natural 

infections in cultured P. vannamei were obtained during a period of apparent transition to 

a broader host range or transition to an increase in TS mortality magnitude than was 
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previously recognized and they represented clinical samples that aquaculture diagnostic 

laboratories would receive for TSV diagnostic testing (Erickson et al. in press). 

The information from affected farms on differences in TSV virulence in P. 

vannamei populations was supported by results from primary, standard, individual 

bioassays conducted to generate TSV isolates infected tissue. Moribund shrimp samples 

collected during the bioassays of all three isolates presented pathognomonic acute phase 

TSV lesions characterized by the classic "peppered or buckshot appearance" in the 

cuticular epithelium (Lightner 1996a). The presence of TSV was confirmed in the serial 

samples by in situ hybridization with TSV specific gene probes giving positive results 

similar to those seen in Figure 3a. 

By electron microscopy, the morphology of BLZ02TSV virions appeared slightly 

larger than the reference HI94TSV isolate virions and the SIN98TSV isolate virions (Fig 

1). The mean virion size of the BLZ02TSV isolate is 32.693 nm (Table 1) and was found 

to be statistically different (P = 0.033) from the HI94TSV isolate morphometry, but not 

statistically different (P = 0.180) from the SIN98TSV isolate morphometry (Table 2). 

The TSV major structural capsid polypeptides found in the second open reading 

frame (ORF) have been designated VPl for the 55 kD protein, VP2 for the 40 kD protein, 

and VP3 for the 24 kD protein (Bonami et al. 1997; Mari et al. 2002; Robles-Sikisaka et 

al. 2001). TSV specific oligonucleotide primers (9195 and 9992, TSV55P1 and 
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TSV55P2, TSV40PI and TSV40P2, and TSV24PI and TSV24P2, in Table 2) were 

employed in RT-PCR according to the protocols of Nunan et al. (1998), Erickson et al. 

(in press) and Erickson (2002) to amplify the 231 bp, 1303 bp, 1047 bp, and 671 bp 

fragments that encompasses the diagnostic TSV amplicon and the entireVPl, VP2, and 

VP3 structural protein regions of the TSV genome, respectively (Mari et al. 2002). No 

differences were observed in the ability of the diagnostic primers 9195 and 9992 or those 

for VPl (TSV55P1 and TSV55P2), VP2 (TSV40PI and TSV40P2), or VP3 (TSV24PI 

and TSV24P2) to amplify their respective fragments by routine TSV RT-PCR (data not 

shown) from all four TSV isolates. 

Two TSV gene probes, P15 and QI (Mari et al. 1998) are used together as a 

cocktail in TSV gene probe analysis (0[E 2000), with Q1 spanning a region at the 3 

prime end of the first ORF and PIS spanning a region beginning in the first ORF and 

ending in the second ORF in VP2 (Erickson et al. in press). The in situ hybridization 

data, obtained after proper sample collection, fixation, and histological processing 

protocols (Lightner 1996a; Hasson et al. 1997), indicate that all of the TSV isolates 

analyzed shared homology in the regions of the genome recognized by the TSV gene 

probes. 

By immuno-dot blot, PAb successfully detected both native TSV isolates 

presented in this study, and the native SIN98TSV isolate previously reported by Erickson 

et al. (in press). As previously reported by Erickson et al. (2002), MAb 1 Al did not 
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detect SIN98TSV. By contrast, MAb I Al detected both H194TSV and BLZ02TSV 

isolates, but presented a diminished reaction to the BLZ02TSV isolates (Fig 2). When a 

standard grading system (G4 = strongest and Gl = weakest) was applied to the immuno-

dot blot with TSV PAb, both native HI94TSV and BLZ02TSV isolates produced a G4 

reaction (Fig 2), and isolate SIN98TSV produced a G4 reaction (Erickson et al. in press). 

When MAb I Al was used to develop the immuno-dot blot, MAb 1 Al produced a G4 

reaction to the well inoculated with native HI94TSV, but produced a diminished G3 

reaction to the well inoculated with native BLZ02TSV (Fig 2), while the native 

SIN98TSV isolate did not react to MAb 1 Al, as previously reported by Erickson et al. (in 

press). 

A comparison of the serial tissue sections of BLZ02TSV processed for ISH and 

IHC demonstrated that the BLZ02TSV isolate can be detected by routine TSV ISH with 

TSV specific gene probes P15 and Ql, but cannot be detected by TSV IHC with MAb 

I Al (Fig 3). As previously reported by Erickson et al. (in press), MAb I Al used in these 

studies recognizes an antigenic epitope somewhere in the VP I region of the TSV 

genome, which is a completely different region of the genome from that recognized by 

the TSV gene probes. 

Silver stained SDS-PAGE of the TSV isolates demonstrated the expected 

presence of TSV major and minor structural proteins (Fig 4). Unstained SDS-PAGE of 

the TSV isolates was transferred to a nitrocellulose membrane and the presence of TSV 
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structural proteins was visually confirmed by pre-staining with 0.5% Ponceau Red (Fig 

5a). By Western blot (Fig 5b) both TSV isolates reacted with the PAb, but the HI94TSV 

isolated reacted strongly (G4) with the TSV PAb, while the BLZ02TSV-PAb reaction 

was greatly diminished (G2). 

Our data from electrophoresis indicates that VPl and VP3 of BLZ02TSV migrate 

to different positions than do VPl and VP3 of the reference strain HI94TSV. The 

BLZ02TSV isolate differed from the reference TSV isolate (HI94TSV, TSV serotype A) 

at VPl and VP3, with BLZ02TSV VPl being 53 kD instead of the 55 kD HI94TSV VPl 

and BLZ02TSV VP3 being 28 IcD instead of the 24 kD HI94TSV VP3 (Fig 4). 

Furthermore, when the VPl bands are reacted with MAb I Al by Western blotting, 

BLZ02TSV VPl does not react whereas the VPl band from H194TSV does react (Fig 

5b), confirming the previous IHC results. 

By protein sequencing twelve cycles of the amino termini of VPl, VP2, and VP3 

from isolates HI94TSV and SIN98TSV (Erickson et al. in press; Erickson 2002) and 

BLZ02TSV, we were able to confirm that BLZ02TSV's putative VPl, VP2, and VP3 

demonstrated by SDS-PAGE were indeed VPl, VP2, and VP3. The VPl amino termini 

of the BLZ02TSV isolate contains the AA consensus sequence SKDRDMTKVNAY (Fig 

6), which corresponds to the first reading frame of the VPl nucleotide sequence 

(GenBank accession number to be assigned, corresponding to BLZ02TSV VPl) obtained 

from the 1303 bp amplicon. The VP2 amino termini of the BLZ02TSV isolate contains 
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the AA sequence ANPVEIDNFDTT (Fig 7), which corresponds to the first reading frame 

of the VP2 nucleotide sequence (GenBank accession number to be assigned, 

corresponding to BLZ02TSV VP2) obtained from the 1047 bp amplicon. The VP3 

amino termini of the BLZ02TS V isolate contains the AA consensus sequence 

AGLDYSSSDTST (Fig 8), which corresponds to the first reading fi-ame of the VP3 

nucleotide sequence (GenBank accession number to be assigned, corresponding to 

BLZ02TSV VP3) obtained from the 671 bp amplicon. 

The derived AA sequence of VPl of BLZ02TSV has a 96% homology with the 

VPl AA sequence of reference isolate HI94TSV (TSV-A) while Erickson et al. (in press) 

reported that the SIN98TSV (TSV-B) VPl has a 98% homology with HI94TSV VPl. 

Isolate BLZ02TSV contains 12 AA substitutions, while the SIN98TSV isolate contains 

only seven AA substitutions (Fig 6; Erickson et al. in press). The hypothesis that the 

BLZ02TSV isolate has a structural difference to HI94TSV in the epitope recognized by 

MAb I Al (Erickson et al. in press, Erickson 2002), is supported by the AA substitutions 

at positions 293, 301 and 311 (Fig 6). Within this 10 AA region, BLZ02TSV has a 

93.3% nucleotide and an 80% AA homology to HI94TSV, while Erickson (2002) 

reported that SIN98TSV has an 83.3% nucleotide homology and a 70% AA homology to 

HI94TSV within the 10 AA region comprising the putative antigenic epitope recognized 

by MAb lAl (Fig 6). 
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BLZ02TSV VP I has two significant AA substitutions, one at AA 301 changes 

from a glycine (G; which only has a hydrogen for a side chain) to an arginine (R; which 

is a charged AA), identical to the substitutions at AA301 in MX99TSV VPl and 

SON2KTSV VPl (Erickson et al. in press), and one at AA 301 changes from a proline 

(P; which is a hydrophobic AA) to a serine (K; which is a polar AA). One additional AA 

substitution in BLZ02TSV VPl in the putative antigenic epitope region contains a 

substitution at AA 311 (proline to serine; P to S, a polar AA). A reduction in affinity of 

MAb I Al via immuno-dot blot to the native Mexican 1999 (MX99TV) and Sonora 2000 

(S0N2KTSV) TSV isolates was demonstrated by Erickson et al. (2002) and hypothesized 

to be due to the AA substitutions in the putative antigenic epitope of VPl recognized by 

MAb I Al. In the native state of the BLZ02TSV purified virus, the AA substitutions may 

only cause a subtle conformational change, as demonstrated by the diminished 

hybridization of MAb I Al to the native purified BLZ02TSV isolate via immuno-dot blot. 

But, the AA substitutions may be significant enough to account for a conformational 

change enough to allow for disruption of the antigenic epitope under denaturing 

conditions, such as SDS and urea (as in SDS-PAGE) or Davidson's AFA (as in tissue 

preparation for IHC), to prevent binding of MAb 1 Al to the denatured purified isolate. 

Poulos et al. (1998) stated that immuno-dot blot with MAb I Al is highly specific for 

TSV (HI94TSV). Considering the Ponceau Red staining results indicating comparable 

amounts of protein present in the preparations, the demonstration of a weaker immuno-

dot reaction of MAb I Al with isolate BLZ02TSV when compared to the reference 

isolate HI94TSV supports the hypothesis that BLZ02TSV has a structural difference to 
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HI94TSV in the epitope recognized by MAb 1A1 (Poulos et al. 1998). This weakened 

immuno-dot reaction of MAbl Al was also reported to occur with the MX99TSV and 

SON2KTSV isolates (Erickson et al. 2002). 

Beta turn prediction coupled with hydrophilicity analysis (Gamier et al. 1978, 

Kyte and Doolittle 1982) was used to identify the lOAA region of the HI94TSV VPl 

sequence which forms the putative antigenic epitope recognized by MAb 1 Al (Erickson 

et al. in press; Erickson 2002). For the 10 AA region hypothesized in HI94TSV VPl to 

be the putative epitope recognized by MAb 1 Al, four AA residues (AA 293, 294, 299, 

and 301; Turn values 137, 128, 203, and 163, respectively) were identified by 

hydrophilicity analysis (Gamier et al. 1978) to be beta turn structures and be exposed on 

the surface of the protein, while only two AA residues (AA 295 and 301; Turn values 58 

and 100, respectively) were identified within the 10 AA region in SIN98TSV VPl to be 

beta turn structures and be exposed on the surface of the protein (Erickson 2002). When 

this 10 AA region was analyzed within BLZ02TSV VPl, only two AA residues (AA 294 

and 301; Tum values 152 and 126, respectively) were identified to be beta turn structures 

and be exposed on the surface of VPl. 

As reported by Erickson (2002) TSV VPl hydrophilicity (protein) analysis (Kyte 

& Doolittle 1982) demonstrates that the VPl AA substitutions in SIN98TSV compared to 

HI94TSV at AA positions 300 and 301 are significant enough to change the Kyte-

Doolittle predictions for HI94TSV from a less hydrophilic state (-1.340 and -1.840, 
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respectively), to a more hydrophilic state (-2.120 and -2.620, respectively) in 

SIN98TSV. An opposite change is seen at AA 292, where HI94TSV is changed from a 

less hydrophobic state (1.460) to a more hydrophobic state (1.540). The VP I AA 

substitution in BLZ02TSV at AA positions 301 is not significant enough to dramatically 

change the Kyte-Doolittle predictions between the HI94TSV and BLZ02TSV isolates 

(-2.620 and -2.660, respectively). But, the AA substitution at AA 293 in BLZ02TSV 

VP 1 is significant enough to affect the Kyte-Doollittle predictions for AAs 292 through 

295. The Kyte-Doollittle prediction for HI94TSV AA 292, 293, 294, and 295 are -1.46, 

0.760, 0.220, and -0.680, respectively and the corresponding predictions for BLZ02TSV 

AAs 292-295 are 1.020, 0.320, -0.220, and -1.120, respectively. AA 292 and 293 are 

both changed to a less hydrophilic state, AA 294 is changed from a hydrophilic state 

(0.220) to a hydrophilic state (-0.220), and AA 295 is changed to a more hydrophobic 

state. 

Applying these two methods to compare the BLZ02TSV VPl to the SIN98TSV 

VPl and HI94TSV VPl, we are able to provide further evidence to corroborate the 

hypothesis that the 10 AA region spanning from AA positions 292 to 301 (Fig 3) forms 

the putative epitope on HI94TSV VPl recognized by MAb IA1 (Erickson et al. in press; 

Erickson 2002). The evidence is as follows; 1) the lOAA region of VPl, when analyzed 

by the Gamier-Osgurhorp-Robson method (1978), is demonstrated to likely form a turn 

structure which is exposed on the surface of the VPl, but that turn structure is decreased 

by two AA positions in both SIN98TSV and BLZ02TSV and 2) the 10 AA region of 
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VPl, when analyzed by the Kyte-Doolittle method (1982) is calculated to change to a 

significantly increased state of hydrophilicity or hydrophobicity in BLZ 02TSV VPl at 

positions 292, 293, 294, 295, and 301, and at AA positions 292, 300, and 301 in 

SIN98TSVVPI, indicating the AA substitutions are significant enough to change the 

surface structure of the putative epitope. 

Slight changes in environment, such as pH and temperature, can change the 

enthalpy and entropy of a protein to convert it fi'om its native (folded) state to a 

biologically inactive denatured state (Branden and Tooze 1999). Proteins in the native 

state are highly ordered (i.e. in one main conformation) whereas the denatured state is 

highly disordered (i.e. with the protein molecules in many different confirmations), but 

the collective knowledge regarding the denatured state is very deficient (Branden and 

Tooze 1999). As previously reported, MAb IA1 either bound to a TSV isolate (e.g. 

TSV-A subtypes 1,2) or it did not bind to a TSV isolate (e.g. TSV-B) irrespective of the 

protein state (Erickson et al. in press). Beta turn prediction (Gamier et al. 1978) and 

hydrophobicity analysis (Kyte-Doolittle 1982) indicate that the AA substitutions at AA 

293 and 301 are considerable enough to be responsible for the consistent diminished 

affinity of MAb 1 Al to hybridize with native purified BLZ02TSV via immuno-dot blot, 

and responsible for denatured (induced by either SDS coupled with urea (SDS-PAGE) or 

Davidson's AFA (IHC)) BLZ02TSV to not be consistently recognized by MAb 1 Al via 

Western blot hybridization or IHC. This is the first report of a TSV isolate having 

consistent conflicting serological test results with MAb 1 Al, between the native and 
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denatured states of VPl. Possibly, while the BLZ02TSV VPl is in the denatured state, it 

takes on a different confirmation that is not recognizable to MAb 1 Al. This potential 

conformational difference of BLZ02TSV VPl in the denatured state is supported by the 

strong (G4) hybridization to BLZ02TSV by PAb in the immuno-dot blot, while by 

Western blot hybridization, PAb presented a diminished (G2) reaction to BLZ02TSV 

VPl. 

The derived AA sequence of VP2 of BLZ02TSV has a 98% homology with the 

VP2 AA sequence of reference isolate HI94TS V (TSV-A) while Erickson et al. (in press) 

and Erickson (2000) reported that the SIN98TSV (TSV-B) VP2 has a 99% homology 

with HI94TSV VP2. Isolate BLZ02TSV VP2 contains three AA substitutions, while the 

SIN98TSV VP2 contains only two AA substitutions (Fig 7; Erickson 2002). The 

BLZ02TSV VP2 AA substitutions at AA positions 199, 266 and 276 all contain 

insignificant AA substitutions within the respective AA groups (i.e. hydrophobic, 

charged or polar AA groups) designated by the reference HI94TS V VP2 sequence. 

The derived AA sequence of VP3 of BLZ02TSV has a 100% homology with the 

VP3 AA sequence of reference isolate HI94TSV (TSV A) while Erickson et al. (in press) 

and Erickson (2002) reported that the SIN98TSV (TSV B) VPS has a 99% homology 

with HI94TSV VP3, containing one significant AA substitution (Fig 8). 
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The data presented here indicate the presence of a new (third) TSV strain (i.e. the 

BLZ02TSV isolate). Based upon the MAb 1AI diminished affinity reaction data of the 

native purified virus via immuno-blot hybridization (consistent with MAb 1 Al binding 

to TSV-A \Tl), the MAb 1 Al negative reaction data of the Western blot hybridization 

and IHC (consistent with the lack of binding of MAb 1 Al to TSV-B VP I), and the novel 

VPl properties of the BLZ02TSV 53 kD VPl, differing from the 55 kD VPl properties 

of TSV-A or the 51 kD VPl properties of TSV-B, we can conclude that BLZ02TSV 

represents a new serotype, TSV serotype C (TSV-C). No subtypes will be assigned to 

TSV-C until additional TSV isolates representative of TSV-C, but differing from 

BLZ02TSV in antigenic and genetic data, are identified, at which time, BLZ02TSV will 

be designated TSV-C subtype 1. 

The data presented here also corroborate Erickson et al.'s (in press) report that 

MAb 1 Al based methods may not detect all TSV, including the new TSV strain (i.e. 

BLZ02TSV) reported here. Indeed we have again confirmed that screening of penaeid 

shrimp broodstock and postlarvae by MAb 1 Al testing will not detect all TSV isolates, 

possibly leading to false negative results, further spread of TSV and re-emergence of TS 

in regions where it has been eradicated. 
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Table 1. Description of the TSV isolates collected from cultured juvenile penaeid shrimp 

during reported TSV natural infections (expanded and adapted from Erickson et 

al. in press). 

TSV Isolate Collection Source species Collection 
location year 

HI94TSV Hawaii, USA Penaeus varinamei 1994 
SIN98TSV Sinaloa, Mexico P. vannamei 1998 
BLZ02KTSV Belize, CA P. vannamei 2002 
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Table 2. Comparison of the morphometry of intact virions of the Belize 2002 TSV 

isolate (BLZ02TSV) to the reference Hawaii 1994 TSV isolate (HI94TSV; TSV-A) and 

to the TSV-B Sinaloa 1998 TSV isolate (SIN98TSV) after negative staining. 

TSV isolate Size of intact virions 
[diameter (nm)]* 

HI94TSV 31.485 ±1.187 

SIN98TSV 32.038 ±1.354 

BLZ02TSV 32.693 ± 1.834 

*The sizes of viruses were expressed as: mean±standard deviation. Twenty virions were 

measured for each sample. 



Table 2. Paired Sample two-tailed T-test of the BLZ02TSV isolated to the reference HI94TSV (TSV-A) isolate and the 

SIN98TSV (TSV-B) isolate. The TSV isolate listed first in the pair designations (i.e. HI94TSV or SIN98TSV) are 

considered the control isolate to which the second listed TSV isolate (i.e. S1N98TSV or BLZ02TSV) was compared. 

Values within a column having an are significantly different from the control isolate, using Paired Sample T-test {P < 

0,05) .  t  =  t  value,  df  = degrees  of  freedom. Sig.  =  signif icance {P).  

Paired Differences 

t df Sia. (2-tailed) Mean Std. Deviation 
Std. Error 

Mean 

95% Confidence 
Interval of the 

Difference 

t df Sia. (2-tailed) Mean Std. Deviation 
Std. Error 

Mean Lower Uooer t df Sia. (2-tailed) 
Pairl HI94TSV-SIN98TSV -.5530 1.8570 .4152 -14221 .3161 -1.332 19 .199 

Pair 2 HI94TSV - BLZ02TSV -1.2080 2.3421 .5237 -2.3041 -.1119 -2307 19 .033 

Pair 3 SIN98TSV-BLZ02TSV -.6550 2.1063 .4710 -1.6408 .3308 -1.391 19 .180 

Ln 
00 
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Figure 1. Transmission electron micrographs of TSV virions after staining with 2% 

PTA. Geographic and year TSV isolates are: la) HI94TSV; 2) SIN98TSV; 3) 

BLZ02TSV. Bar=lOOnm. 
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Figure 2. Immuno-dot blot of TSV PAb (column 1), TSV MAb IA1 (column 2), 

and secondary (2°) Ab only (column 3 - as negative control) reacted with native 

HI94TSV (Al-3) and native BLZ02TSV (Bl-3). Circled well B2 for native 

BLZ02TSV, indicates diminished hybridization to MAb lAl. Considering the 

Ponceau Red staining results (Fig 5a) indicating comparable amounts of protein 

present in the preparations, the demonstration of a weaker (G3) immuno-dot 

reaction of MAb IA1 with isolate BLZ02TSV when compared to the reference 

isolate Fn94TSV (G4) supports the hypothesis that BLZ02TSV has a structural 

difference to HI94TSV in the epitope recognized by MAb I Al. 2b) Map diagram 

showing locations of TSV isolates in the wells. 
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Figure 3. BLZ02TSV serial sections analyzed using gene probes PI5 and Q1 and TSV 

MAb 1 Al. In Fig 3a arrows indicate a positive reaction to the TSV specific gene 

probes P15 and Ql, while the parallel section (Fig 3b) shows no reaction to MAb 

1 Al, confirming that a positive ISH with a negative IHC, reacted with MAb I Al. 

may be used to distinguish the reference TSV serotype A from both the BLZ02TSV 

strain and the previously reported TSV serotype B (Erickson 2002). Scale Bars = 50 

^m. 
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Figure 4. Silver stained SDS-PAGE of HI94TSV and BLZ02TSV isolates viral 

proteins. Lane M, prestained molecular weight marker. Lane 1, BLZ02TSV. 

Lane 2, HI94TSV. BLZ02TSV VPl is 53 kD and VP3 is 27 kD instead of the 

reference HI94TSV 55 kD VPl and 24 kD VP3, respectively (Bonami et al. 

1997). The putative VP4 is present in BLZ02TSV. The position of TSV viral 

proteins is indicated on the right side of the photograph. 
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Figure 5. Western blot membrane of proteins from purified TSV isolates prestained 

with Ponceau Red (5a) and reacted with TSV PAb and MAb 1A1 (5b). Lane M, 

prestained molecular weight marker. Lane 1, HI94TSV. Lane 2, BLZ02TSV. In 5b, 

TSV proteins were reacted with TSV PAb (subianes a), MAb IA1 (subianes b) and 

Leibovitz's Medium L-15 as the negative control (subianes c). PAb reacted with VPl of 

both isolates (subianes a). MAb 1A1 reacted with HI94TSV isolate but not BLZ02TSV 

VPl (lane 2b). This is the first report of a TSV isolate having consistent conflicting 

serological test results with MAb lAl, between the native and denatured states of VPl. 

Possibly, while the BLZ02TSV VPl is in the denatured state, it takes on a different 

confirmation that is not recognizable to MAb IA1. This potential conformational 

difference of BLZ02TSV VPl in the denatured state is supported by the diminished (G2) 

reaction to BLZ02TSV VPl by PAb compared to the strong (G4) reaaion to the 

reference HI94TSV VPl. The position of TSV viral proteins is indicated on the right 

side of the photograph. 
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Figure 6. VPl deduced amino acid sequences from SIN98TSV, and BLZ02TSV 

(GenBank accession #s AF51 OS IS and accession number pending, respectively) 

compared to the HI94TSV amino acid sequence (GenBank accession # 

AFS lOS 18). BLZ02TSV demonstrates 96% homology with HI94TSV (TSV-A) 

VPl, while SIN98TSV (TSV-B) VPl has a 98% homology with HI94TSV VPl. 

Isolate BLZ02TSV contains 12 AA substitutions, while the SIN98TSV isolate 

contains only seven AA substitutions. BLZ02TSV VPl has two significant AA 

substitutions, one at AA 301 and one at AA 301. One additional AA substitution 

in BLZ02TS V VP 1 in the putative antigenic epitope region contains a substitution 

at AA 311. Beta turn prediction (Gamier et al. 1978) and hydrophilicity analysis 

(Kyte-Doolittle 1982) indicate that the AA substitutions at AA 293 and 301 are 

considerable enough to change the surface structure of the putative epitope and 

are presumed to be responsible for the diminished affinity of MAb 1 Al to 

hybridize with native purified BLZ02TSV via immuno-dot blot, and responsible 

for denatured (induced by either SDS coupled with urea (SDS-PAGE) or 

Davidson's AFA (IHC)) BLZ02TSV to not be recognized by MAb I Al via 

Western blot hybridization or IHC. 
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Figure 7. VP2 deduced amino acid sequences from SIN98TSV, and BLZ02TSV 

(GenBank accession #s pending) compared to the HI94TSV amino acid sequence 

(GenBank accession # AF510518). The derived AA sequence of VP2 of 

BLZ02TSV has a 98% homology with the VP2 AA sequence of reference isolate 

HI94TSV (TSV-A) while the SIN98TSV (TSV-B) VP2 has a 99% homology with 

HI94TSV VP2. The BLZ02TSV VP2 AA substitutions at AA positions 199, 266 

and 276 all contain insignificant AA substitutions within the respective AA 

groups (i.e. hydrophobic, charged or polar AA groups) designated by the 

reference HI94TSV VP2 sequence. 
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Figure 8. VP3 deduced amino acid sequences from SIN98TSV, and BLZ02TSV 

(GenBank accession #s pending) compared to the HI94TSV amino acid sequence 

(GenBank accession # AF510518). The derived AA sequence of VP3 of 

BLZ02TSV demonstrates 100% homology with the VP3 AA sequence of 

reference isolate HI94TSV (TSV-A) while the SIN98TSV (TSV-B) VP3 has a 

99% homology with HI94TSV VP3, containing one significant AA substitution 

(Erickson 2002). 
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Envelopes Layout 

Pacttic Salmon International 
12876 8Sth Avenue 
Surrey. BC V3WOK8 
Canada 
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APPENDIX 7. UAZ AQUACULTURE PATHOLOGY 

DLVGNOSTIC LABORATORY CASE DATABASE & UAZ 

AQUACULTURE PATHOLOGY DL^GNOSTIC LABORATORY 

CLIENT ADDRESS BOOK 

APPENDIX 7.1. INSTRUCTIONS FOR USE 

Overview: 

The UAZ Aquaculture Pathology Diagnostic Laboratory Case Database (DB) and 

UAZ Aquaculture Pathology Diagnostic Laboratory Client Address Book (AB) are linked 

to work in conjunction with each other. You do not have to have both open to work in 

either the DB or AB, but the DB and AB have buttons which will allow you to open the 

respective other program at the click of a button while working in the other file. 

The AB will be used to keep an accurate record of all UAZ Aquaculture 

Pathology Group (UAZAPG) diagnostic clients, including the company name, contact 

person, address, city, state, zip code/postal code, phone, FAX, and email information. 

The AB has four layouts for use; a menu page (used to access the other layouts). Client 

Address Book, Client Phone List, and Envelope (used to print addresses onto envelopes). 

The AB may be searched and sorted to find Client AB information of interest. 
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The DB will be used to keep an up to date and accurate record of all UAZ 

Aquaculture Pathology diagnostic and research case information. All fields of the 

official UAZAPG Specimen Data Form and Summary Data sheets for the hard copy Case 

Books are represented in the DB. (Please familiarize yourself with these sheets and 

compare them to the fields represented in the DB. If you have any questions, please see 

Rita or Heidi for clarifications.) The DB has six layouts; a menu page (used to access 

the other layouts). Case data. Case Summary Report, Case Diagnostic Findings Table, 

Case Photographs, and Case Address Book (not the same as AB). The DB may also be 

searched and sorted to fmd Case Data of interest. 

Access: 

The DB and AB can be found on the histology computer "Lightner 6" in the 

shared "Database" folder, in the folder entitled "2000", "2001", "2002", etc. This is 

accessible fi'om other computers other than Lightner 6 by accessing the network 

neighborhood and clicking on Lightner 6. The Database folder will appear and you will 

be able to access the desired file (ex; "2000", "2001", "2002", etc.) from here (but only if 

the computer you are working on has a working copy of Filemaker Pro 3 installed on it). 
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To browse and print data from the DB and AB, the UAZ Lab group password is 

"shrimp". This is read only access, but allows for searching, sorting, and printing DB 

and AB information. 

If you are designated in the Diagnostics or Research group(s), the password may 

be attained from Rita. This is field specific editing access, and allows one to browse, 

print, export, create, and edit records (but not delete records). If you get a data entry 

error, you will not be able to override the data entry error, as only the DB layout manager 

may do this. 

Database Instructions: 

General Use bv UAZ Lab Group; read only access searching, sorting, and 

printing 

1. Open the DB by entering in your appropriate password and click on ''OK". 

(See Access for finding and retrieving DB). 

2. The DB will open to the Menu page. From here click on a button to open 

up a layout of interest (ex; Case Data). 

3. Upon opening Case Data you will find a form with information about a 

case (see Case No. to identify case). You may move through the records 
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either by scrolling or using the Find function (located as a button on the 

page or in the Mode menu on the toolbar). Example Search; 

• Click on Find 

• You will now see that the fields are represented by empty boxes. 

Go to Case No. and click within the box. You will fmd a flashing 

cursor, so type in the year of interest (ex: 00) and press "Enter". 

This will automatically search the DB for cases of interest and tell 

you how many records it found. You may now look through these 

found records and interact with them as you did with the whole 

DB, but will be limited to only the found records. 

• To return to the entire DB for a new search, go to "Select" on the 

main toolbar and choose Find All (Ctrl + J). This will then find the 

entire list of records again. 

• Now that you have the entire set of records in the DB again, let's 

search for all P. vannamei that were submitted from the 

Consortium for PCR testing in 2000. Again, click on Find. Note 

that all fields are represented by empty boxes, as in the previous 

example. Go to Case No., click within the box, then type in "00" 

but do not press Enter. Now click within the Species box and click 

on the P. vannamei "check box". Next, go to Case Category and 

click on Consortium. For the final search field, go to Procedure or 

Summary and click on PCR. Now press Enter. This will 
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automatically search the DB for cases of interest and tell you how 

many records it found. You may now look through these found 

records and interact with them as you did with the whole DB, but 

will be limited to only the found records. 

• If you wish to print a summary of the cases found, move to the 

Summary Report layout (go to the left of the screen where the 

FileMaker Pro Tool Panel is located and click on the top button 

where you see "Case D..."). Next, select Summary Report. You 

will fmd that the DB has switched layouts and now all the records 

you found appear in a list which includes: Case No., Date, 

Company Name, Country, Species, Test(s) Run, and Key Words. 

Now that you have this layout on screen, you may print by going to 

File (on the main toolbar) and select print Oust as you would in any 

other word processing program). 

• Say you now want to see detailed information about a case you 

have found, but want more detail than what is provided in the Case 

Data layout. Click on the Case No. you are interested in. This 

time, go back to the FileMaker Pro Tool Panel and select 

Diagnostic Findings. A layout with an icon (Word Perfect 

Document) will appear along with the Case No. Double click on 

the icon and the case report will open in its original program. 
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• If Histology was done on the case of interest and you have 

searched and found that photos were taken, you may use the Case 

Photographs layout to view the photomicrograph notations of 

interest in the Slide Legend container filed. 

• Now that you have looked up the photomicrograph information, 

you should go to the photomicrograph or scanned images log 

book(s) for further information and/or open up the image in 

Microsoft Photo Editor (from C:\Photomicrographs-01ympus 

DP 10 or C;\Polaroid Scanned images) 

4. To move to the Address Book, go back to the Case Data layout and click 

on the "Go to Address Book" button. 

Data Entry bv Receiving & Admin. Group - Case Check In; field specific 

entry 

1. Open DB to Case Data layout as described above, using your appropriate 

password. 

2. Find all records in the DB by using the Select, Find All (Ctrl+J) function 

found on the main toolbar. 

3. Once all records are found, go to the end of the record and click on the 

"Enter New Case" button. A blank case record sheet will appear. Click 
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within a data entry field and all text boxes will appear. Enter the Case No. 

and all appropriate information within the respective fields. 

4. For entering Company information, first type in the Company Name and 

click outside of the text box. If the company has been logged in the AB, 

the rest of the Company address, city, state, country, zip, phone, and FAX 

will be entered automatically (you will need to add the appropriate 

Contact Person and Email information, as these change often and need to 

be included in the Case Data). 

5. [f you entered the Company Name, clicked outside the box, and no other 

information was entered into the other fields, then that Client is not in the 

AB. (Correct spelling of the Company Name is imperative or the 

function will act as if this is a new client.) You will now need to go to 

the AB. 

6. Click on the "Go to Address Book" button and the AB will pop up and 

you will be able to add in the client information to the AB (see Address 

Book Instructions for data entry information). Once the client 

information has successfully been added to the AB, it will automatically 

be added to the Case Data you were working on. You will now need to go 

back to the DB by clicking on the "Go to Case Data Base" button. 

7. Continue entering all check-in information as you did for Company Name 

and Case No. 
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8. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

9. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

Data Entry Bv Diagnostic Group - Case Diagnostician Results; field specific 

entrv 

1. Open DB to Case Data layout as described above in General Use, using 

your appropriate password. 

2. Find the record you are working on in the DB by using the Find function 

as described above in General Use. 

3. Once the record of interest is found, scroll though the record to find the 

fields that you are responsible for filling in. Ex; Final Diagnosis 

• Click in the final diagnosis text box and enter a brief diagnosis 

(ex: 2 of 4 WSSV G3) 

• Move to the other fields and enter the necessary data. 

• For keywords, please use abbreviations (from the approved 

list) to indicate positive findings (ex: if your case had any 

sample that was TS V positive, just enter TSV in the Key 

Words section) 
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• When done with the record, perform the Find All 

(Ctrl+J)function to restore the DB to its full record capacity 

and close. 

4. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

5. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

Linking reports: 

6. Once you have recorded your results in the Case Data layout, it is now 

time to link your report to the DB. 

7. First minimize FileMaker Pro and open Windows Explorer. This is where 

you will now put your report in the Reprort folder (ex; "Reports 2001", 

"Reports 2002", "Reports 2003", etc.) in the corresponding DB folder (ex; 

"2001", "2002", "2003", etc.). Once this is completed, close Windows 

Explorer and maximize FileMaker Pro. 

8. Now open the Diagnostic Findings layout (go to the left of the screen 

where the FileMaker Pro Tool Panel is located and click on the top button 

where you see "Case D..."). Next, select Diagnostic Findings. You will 
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find that the DB has switched layouts and now the record you were 

working in has switched to a layout ready to add your report to. 

9. Linking your case report to the case record; 

• Select the container field to the right of the "Diagnostic 

Findings Table" heading by left clicking in the "empty" space. 

Now the container field should be outlined by a black box. 

• Choose "objects" from the Edit menu, and then choose "insert 

object". 

• In the Insert Object dialog box, select "Create from file", and 

enter a filename or use the "Browse" button to search for your 

file. 

• Now, be sure to click on the "Display as Icon" box. Then click 

"Link". 

• You should now see a "Word Perfect Document" icon in the 

space that was once just the empty Diagnostic Findings Table 

container field. 

10. Now that you have added your report, if you wish to view it, just double 

click on the icon and your report will open up in its original program. 

11. When done with the record, perform the Find All (Ctrl+J) function to 

restore the DB to its full record capacity and close. 

12. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 
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13. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

Photomicrograph notation: 

14. Once you have added your case report, it is now time to make a notation 

of any photomicrographs you may have taken with the digital camera or 

scanned into Lightner 6 with the Polaroid Sprint Scan concerning the case. 

15. Open the Case Photos layout (go to the left of the screen where the 

FileMaker Pro Tool Panel is located and click on the top button where you 

see "Case D..Next, select Case Photos. You will find that the DB has 

switched layouts and now the record you were working in has switched to 

a layout ready to add your notes regarding the photomicrographs you took. 

16. Adding your photomicrograph notations to the case record; 

• Select the container field to the right of the "Slide Legend" 

heading by left clicking in the "empty" space. Now the 

container field should be outlined by a black box and a cursor 

should be flashing on the top line of the container field. 

• Now just type in the text detailing the subject of each 

photomicrograph and where it can be located. For example; 

a. Slide 1 = Card # 4, Image 13; Structures probably 

mistaken for WSSV 300x 
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b. Slide 2 = Card # 4, Image 17: No reaction to WSSV 

probe 300X 

• When done with the record, perform the Find All (Ctrl+J) 

function to restore the DB to its full record capacity and close. 

17. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

18. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

19. Now that you have added the photomicrograph information, lab members 

can go to the photomicrograph or scanned images log book(s) for further 

information and/or open up the image in Microsoft Photo Editor (from 

C:\Photomicrographs-01ympus DP 10 or C:VPolaroid Scanned images) 

DATA ENTRY BY RESEARCHERS - CASE CHECK IN AND RESULTS: 

Check-in: 

1. Open DB to Case Data layout as described above, using your appropriate 

password. 

2. Find all records in the DB by using the Select, Find all (Ctrl+J) function 

found on the main toolbar. 
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3. Once all records are found, go to the end of the record and click on the 

"Enter New Case" button. A blank case record sheet will appear. Click 

within a data entry field and all text boxes will appear. Enter the Case No. 

and all appropriate information within the respective fields. 

4. For entering Company information, type in Veterinary Science. This will 

let us know that it is an "in house" research project. Veterinary Science 

has been logged in the AB, and the rest of the Company address, city, 

state, country, zip, phone, and FAX will be entered automatically (you 

will need to add the appropriate Contact Person (your name) and E-mail 

information (again your email address), as these change for each research 

project and need to be included in the Case Data). 

5. If you entered the Company Name (Veterinary Science), clicked outside 

the box, and no other information was entered into the other fields, then 

more than likely you misspelled Veterinary Science, as at the beginning of 

each year, the AB is updated with basic Client information. (Correct 

spelling of the Company Name is imperative or the function will act as 

if tiiis is a new client.) 

6. Continue entering all check-in information as you did for Company Name 

and Case No. 

7. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 
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8. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

Results: 

9. Open DB to Case Data layout as described above in General Use, using 

your appropriate password. 

10. Find the record you are working on in the DB by using the Find function 

as described above in General Use. 

11. Once the record of interest is found, scroll though the record to find the 

fields that you are responsible for filling in. Ex; Final Diagnosis 

• Click in the final diagnosis text box and enter a brief diagnosis 

(ex; 2 of 4 WSSV G3) 

• Move to the other fields and enter the necessary data. 

• For keywords, please use abbreviations (from the approved 

list) to indicate positive findings (ex; if your case had any 

sample that was TSV positive, just enter TSV in the Key 

Words section) 

• When done with the record, perform the Find All function to 

restore the DB to its fiill record capacity and close. 
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12. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

13 . If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

Photomicrograph notation: 

14. Once you taken any photos pertaining to your research, it is now time to 

make a notation of any photos or photomicrographs you may have taken 

with the digital camera or scanned into Lightner 6 with the Polaroid Sprint 

Scan concerning the case. 

15. Open the Case Photos layout (go to the left of the screen where the 

FileMaker Pro Tool Panel is located and click on the top button where you 

see "Case D..."). Next, select Case Photos. You will find that the DB has 

switched layouts and now the record you were working in has switched to 

a layout ready to add your notes regarding the photomicrographs you took. 

16. Adding your photomicrograph notations to the case record; 

• Select the container field to the right of the "Slide Legend" 

heading by left clicking in the "empty" space. Now the 
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container field should be outlined by a black box and a cursor 

should be flashing on the top line of the container field. 

• Now just type in the text detailing the subject of each 

photomicrograph and where it can be located. For example; 

a. Slide 1 = Card # 4, Image 13: Structures probably 

mistaken for WSSV 300x 

b. Slide 2 = Card # 4, Image 17: No reaction to WSSV 

probe 300X 

c. Slide 3 = Scanned Image 160: Immunoblot of TSV 

strains with anti - TSV PAbs and MAb 

• When done with the record, perform the Find All (Ctrl+J) 

function to restore the DB to its full record capacity and close. 

17. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

18. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the DB. 

19. Now that you have added the photomicrograph information, lab members 

can go to the photomicrograph or scanned images log book(s) for further 

information and/or open up the image in Microsoft Photo Editor (from 

C:\Photomicrographs-Olympus DP 10 or C:\Polaroid Scanned images) 
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Address Book Instructions: 

General Use bv UAZ Lab Group 

1. Open the AB by entering in your appropriate password and click on "OK". 

(See Access for finding and retrieving AB). 

2. The AB will open to the Menu page. From here click on a button to open 

up a layout of interest (ex; Client Address Book). 

3. Upon opening Client Address Book, you will find a form with information 

about a Diagnostic Client (see Client Name to identify Client). You may 

move through the records either by scrolling or using the Find &nction 

(located as a button on the page or in the Mode menu on the toolbar). 

Example Search: 

• Click on Find 

• You will now see that the fields are represented by empty boxes. 

Go to Client Name and click within the box. You will fmd a 

flashing cursor, so type in the Client of interest (ex; Waddell 

Mariculture Center) and press "Enter". This will automatically 

search the AB for cases of interest and tell you how many records 

it found. You may now look through these found records and 

interact with them as you did with the whole AB, but will be 

limited to only the found records. 
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• To return to the entire AB for a new search, go to "Select" on the 

main toolbar and choose Find All (Ctrl + J). This will then find the 

entire list of records again. 

• Now that you have the entire set of records in the AB again, let's 

search for all Clients from Honduras. Again, click on Find. Note 

that all fields are represented by empty boxes, as in the previous 

example. Go to Country, click within the box, then type in 

Honduras and press Enter. This will automatically search the AB 

for Clients of interest and tell you how many records it found. You 

may now look through these found records and interact with them 

as you did with the whole AB, but will be limited to only the found 

records. 

• If you wish to print a phone list summary of the cases found, move 

to the Client Phone List layout (go to the left of the screen where 

the FileMaker Pro Tool Panel is located and click on the top button 

where you see "Client Ad...". Next, select Client Phone List. You 

will find that the AB has switched layouts and now all the records 

you found appear in a list which includes; Client Name, City, 

State, Country, Phone, and FAX. Now that you have this layout on 

screen, you may print by going to File (on the main toolbar) and 

select print Qust as you would in any other word processing 

program). 
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• Say you now want to print an envelope with the entire Client 

Address information, move to the Envelope layout, as you did for 

moving between the Client Address Book and Client Phone List. 

Once you are in the Envelope layout, you will note that the Contact 

Person, Client Name, Address, City, State, Country, and Zip/postal 

code are visible. You will need to double-check the Contact 

Person for accuracy. If the contact person you are mailing the 

report to is different than that listed on the Contact Person line, you 

will need to edit the name to represent the correct contact person 

you will be printing the envelope for. Now insert an envelope into 

the printer and print as you would from any other word processing 

program. 

4. To move to the DB, go back to the Client Address Book layout and click 

on the "Go to Case Data Base" button. 

Data Entry Bv Receiving & Admin. Group — Cast Check In; 

1. Open AB to Client Address Book layout as described above, using your 

appropriate password. 

2. Find all records in the AB by using the Select, Find all (Ctrl+J) function 

found on the main toolbar. 
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3. Once all records are found, go to the end of the record and click on the 

"Enter New Record" button. A blank Client Address Book record sheet 

will appear. Click within a data entry field and all text boxes will appear. 

Enter the Client Name and all appropriate information within the 

respective fields. 

4. Once the company/client has been logged in the AB, the rest of the 

Company address, city, state, country, zip, phone, and FAX will be 

entered automatically back into the case record you were working on in 

the DB (you will need to add the appropriate Contact Person and Email 

information, as these change often and need to be included in the Case 

Data). 

5. You will now need to go back to the DB by clicking on the "Go to Case 

Data Base" button. 

6. There is no need to "save" as you work, because FileMaker Pro saves as 

you close the file and periodically as you work. 

7. If the program "crashes" while you are working, make sure you reopen the 

file to make sure that the data you had input last is actually in the AB. 
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A FINAL NOTE: 

NO MATTER HOW GREAT YOUR TEMPTATION IS TO "SAVE A COPY AS" 

OR RENAME EITHER THE DB OR AB - DO NOT DO IT!!!!! This wiU only confuse 

the program by creating multiple copies. This directly affects the relationship 

between the DB and AB, and you will no longer be able to retrieve information out of 

the AB to be displayed in the DB. 

The DB, AB, and Reports folder must always be located in the same folder - DO 

NOT MOVE THEM!!! 

The DB and AB will be backed up (this is very different from making a copy) 

weekly by the DB manager (Rita), so please don't take it upon yourself to do this task. 

Please do not share passwords, as they are field and function specific. If you try 

to perform one of die group functions with the wrong password, you may fmd yourself 

very fhistrated and causing damage to the DB, as the passwords are set up to allow certain 

fields to be accessed and only certain functions to be performed. Therefore, please use 

the UAZ Lab Group password ("shrimp") only when searching the DB (as described 

in the General Use) section of these instructions; and only use the other specific 

passwords for the spedfic fimctions listed above. 
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If you take it upon yourself to do any of these things listed in this final note, you 

will be causing the DB and AB to fail. The system will go down and no one wiU be able 

to retrieve information from it while it is down. Again, it will only cause more work 

in the long run if we have to repair the system, so please only do tasks that these 

instructions outline. 

Enjoy! I know its another computer program and to some of you it may feel 

like another task added to your job description, but if you follow these instructions, 

you will find working with the DB and AB very useful and time saving (instead of 

having to search the paper case books one case at a time to find what you are looking 

for, a somewhat cumbersome task). 

If you have any questions about using the system or comments, please see Rita 

or Heidi. This DB is meant to be a useful tool for our Lab, and therefore is always 

open for refinement and update suggestions (just as king as the program will allow 

it). And if you find any ''bugs'* in the ̂ stem, please let me know. This will be the 

first real trial of the ^stem with everyone, and I may not have anticipated all 

potential needs or problems. And remember, a computer is only as smart as its 

programmers and users. 

Cheers, 

Heidi 
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APPENDK7.2. GROUPS AND USERS 

UAZ Lab Group: 

Members: Everyone 
Password: "shrimp" 

Diagnostic Group; 

Case Diagnostic Results: 

Members: Carlos, Don, Heidi, Kristie, Solongel 

Receiving & Admin. Group; 

Case Checi(-in: 

Members: Carlos, Kerri, Rita, Solongel, Wanda 

Researciiers Group; 

Members: Bonnie, Carlos, Heidi, Kathy, Kristie, Linda 

Password: (see Heidi or Elita for password) 

Password: (see Heidi or Rita for password) 

Password: .(see Heidi or Rita for password) 
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