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Abstract.—The virulence of seven geographic isolates of white spot syndrome virus (WSSV; genus

Whispovirus; China [strain CH1995], Nicaragua [strain N2000], Honduras [strain H2000], Ecuador [strains E-

L1999 and E-LT2002], and Mexico [strains M-M2001 and M-LP2001]) was compared using a series of

challenge experiments, each lasting 10 d. For each isolate, four quantified dilutions (10�6, 10�7, 10�8, and

10�9) of a viral inoculum were prepared from WSSV-infected shrimp tissue. Each viral inoculum was injected

into 10 specific pathogen-free juvenile Pacific white shrimp Litopenaeus vannamei (0.25–1.50 g); controls

received injections of marine crustacean physiological saline (3.2%). The minimum dose of viral inoculum

that killed 50% of injected shrimp (LD50) was calculated for dilution, tissue concentration, and viral DNA

amount. The CH1995 and M-M2001 isolates were the least virulent, with LD50 values of 10�6 to 10�7 of

viral inoculum. The isolates could be grouped into three virulence clusters (CH1995 and M-M2001; N2000

and E-LT2002; and H2000, E-L1999, and M-LP2001). Virulence clusters were not altered by LD50 values

based on viral DNA concentration, although a slight shifting of order in regards to virulence was seen among

the three most virulent isolates (E-L1999, H2000, and M-LP2001). Overall, results indicate that there is a

measurable virulence difference among WSSV isolates, which may correspond to geographical region.

White spot syndrome virus (WSSV; genus Whispo-

virus), the causative agent of white spot disease, is a

large, double-stranded DNA virus that clinically

manifests itself through the appearance of white spots

on the carapace of infected penaeid shrimp. First

reported in Japan in Kuruma prawn Marsupenaeus

japonicus in 1992 (Inouye et al. 1994; Momoyama et

al. 1994), white spot disease quickly spread throughout

Southeast Asia and India (Nakano et al. 1994;

Takashashi et al. 1994; Chen 1995; Flegel et al.

1995; Wang et al. 1995; Kimura et al. 1996). Although

an outbreak of the disease was reported in Texas in

stocks of white shrimp Litopenaeus setiferus in 1995

(Lightner and Redman 1998; Lo et al. 1999; Wang et

al. 1999b), the disease did not significantly impact the

shrimp industry in the western hemisphere until 1999,

when it was reported in shrimp in Nicaragua,

Guatemala, and Honduras (Jory and Dixon 1999).

White spot syndrome virus has proven to be a serious

problem within the penaeid shrimp industry due to its

acute presentation and resulting high mortality. In

addition to shrimp, a variety of crustaceans, including

crabs (Lo et al. 1996; Supamattaya et al. 1998; Otta et

al. 1999) and lobsters (Chang et al. 1998; Wang et al.

1999b) have been found to exhibit varying degrees of

susceptibility to the virus, while other species, such as

krill (Supamattaya et al. 1998), copepods, and brine

shrimp Artemia spp. (Lo et al. 1996) may be

considered viral vectors. White spot syndrome virus

continues to impact the shrimp industry, causing the

loss of over 300,000 metric tons at US$1 billion

annually in affected countries (Rosenberry 2001).

Variation in virulence (i.e., relative pathogenicity)

has been reported at the local level among ponds within

the same farm (Sudha et al. 1998), farms located within

a particular geographic location (Lan et al. 2002; Marks

et al. 2005) and between species (Chou et al. 1995; Lo

et al. 1996; Chang et al. 1998). Wild-caught species of

crustaceans have been found to be WSSV positive,

although these animals did not appear to be adversely

affected by the virus at the time of capture (Chang et al.

2001). These findings have implications concerning
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virulence, genomic variation, and the adaptation of the

crustacean immune system.

Differences in virulence between two geographic

isolates of WSSV were detected during preliminary

studies at the Aquatic Animal Health Laboratory of

Harbor Branch Oceanographic Institution, Fort Pierce,

Florida, in 2000 (authors’ personal observation). An

Ecuador isolate of WSSV caused 100% mortality in

challenged shrimp, but a South Carolina isolate

(subsequently lost) caused no mortality. Based on this

observation, as well as reports of viral-positive

(infectious hypodermal and hematopoietic necrosis

virus; Taura syndrome virus, genus Cripavirus; and

WSSV) asymptomatic shrimp (Flegel 1997; Morales-

Covarrubias et al. 1999; Pantonia et al. 1999; Tsai et al.

1999; Montiel de Morales et al. 2006), the question

was raised as to how much virulence variation existed

among geographic isolates. With the exception of

sporadic outbreaks that occurred in Texas and South

Carolina (Wang et al. 1999a), research has not focused

on western hemisphere isolates.

The purpose of this study was to quantitatively

compare the virulence variation of WSSV geographic

isolates from the western hemisphere in the Pacific

white shrimp L. vannamei. This was accomplished by a

series of challenge experiments using serial dilutions of

prepared viral inoculums.

Methods

White spot syndrome virus isolate acquisition and
preparation.—White spot syndrome virus isolates

were prepared from infected shrimp tissue samples

acquired from seven geographic regions between 1999

and 2002: Ecuador farms (Guayaquil) in 1999 (E-

L1999) and in 2002 (E-LT2002), Honduras farm

(Choluteca) in 2000 (H2000), Mexico farms (Sinaloa)

in 2001 (M-M2001, M-LP2001), Nicaragua commod-

ity shrimp in 2000 (N2000), and China farm (Quindao)

in 1995 (CH1995). In order to ensure that each isolate

preparation contained an approximately equivalent

viral load, filtered isolate preparations from infected

tissue at a dose sufficient to cause mortality in 100% of

shrimp (10�3) were injected into 10–15-g, specific

pathogen-free (SPF) Pacific white shrimp. The amount

injected (20 lL/g) was adjusted for body weight.

Moribund shrimp were collected and a second isolate

was prepared. This procedure was repeated at least

twice more prior to producing the final isolate

preparation.

Final viral inoculums were prepared from freshly

dead Pacific white shrimp that had been injected in the

first abdominal segment with the aforementioned

WSSV filtrate preparation. Tissue used in the prepara-

tion was taken from two to three infected shrimp of

approximately 10 g to prepare each inoculum. The

carapace, eyes, antenna, periopods, hepatopancreas,

uropods, and telson were removed before placing the

weighed tissue in a blender with ultraviolet (UV)-

treated salt water (30 mg/mL) at 1:10 (weight : volume).

Tissue was homogenized for 30 s, collected in 50-mL

tubes, and centrifuged at 5,0003gravity (g) for 10 min.

The supernatant was subdivided into 1.5-mL centrifuge

tubes and further centrifuged for 5 min at 10,000 3 g.

The pellet was discarded, and freshly prepared viral

inoculum was used for all final experimental infections.

Supernatants used in challenge experiments were

diluted 1:10 in UV-treated salt water (30 mg/mL). This

preparation was filtered (0.2-lm syringe filter) and

then serially diluted (1:10) into sterile filtered salt

water (30 mg/mL) to make all other dilutions (10�2 to

10�9).

Challenge experiments.—Fifty juvenile SPF Pacific

white shrimp (0.25–1.50 g) were used in each

experiment. Each shrimp was weighed, assigned a

number, and housed individually in 250-mL styrofoam

containers. Forty of the 50 shrimp were injected in the

first abdominal segment with the freshly prepared

filtered dilution (10 shrimp/dilution) of viral inoculum

at a dose of 20 lL/g of body weight. Injections were

performed using a 10-lL Hamilton syringe. The

remaining 10 shrimp (controls) were injected in the

first abdominal segment with filtered (0.2 lm)

crustacean physiological (3.2%) saline (Hoar and

Hickman 1975). Experiments were not conducted

concurrently because of the experimental requirement

for freshly made viral inoculum and space limitations.

Two separate preparations were made from two of the

isolates (CH1995 and H2000) that appeared to vary in

virulence in order to compare reproducibility of results.

Only one final preparation was made with the

remaining five isolates. Experiments were run for 10

d. Shrimp were fed a single pellet of Juvenile 400 Diet

(Bonney, Laramore, and Hopkins, Inc., Vero Beach,

Florida) once per day thereafter. Water temperature

varied between 258C and 278C. Dissolved oxygen

levels varied between 6 and 7 ppm, and 80% of the

water was exchanged daily. Containers were checked

twice daily for mortalities during the week and once

per day on weekends. Dead experimental shrimp and

survivors were stored at �208C for subsequent

polymerase chain reaction (PCR) analysis.

Verification of white spot syndrome virus infec-
tion.—We extracted DNA from cephalothorax tissue

using the Wizard DNA extraction kit (Promega Corp.,

Madison, Wisconsin). Two WSSV primer sets were

used for PCR amplification: one from DiagXotics, Inc.

(Wilton, Connecticut) that produces a 300-base-pair

(bp) amplicon (sequence unpublished), and one by
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Sigma Genosys (The Woodlands, Texas) based on a

primer set of Lo et al. (1996) that produces a 900-bp

amplicon. Twelve microliters of PCR Master Mix

M7502 (Promega Corp.), 1 lL of 5-lM primers (0.2-

lM final concentration), 1 lL of DNA extracted

material, and 15 lL of deionized water were added to a

0.5-mL PCR tube. The PCR program consisted of 35

cycles of 948C for 30 s, 608C for 30 s, and 728C for 45

s, followed by 728C for 10 min and a 48C hold. Ten

microliters of amplified material were loaded onto a

1.5% tris–acetate–EDTA agarose gel containing ethi-

dium bromide and were subjected to 90 min of

electrophoresis at 80 V. The presence of WSSV was

visualized using a UV illuminator.

Determination of lethal dose.—The U.S. Environ-

mental Protection Agency (EPA) Probit Analysis

Program (version 1.5) for calculating lethal and

effective concentrations was utilized to determine

the lethal dose (LD50) values by inputting the serial

tissue dilutions of isolate preparation, number of

shrimp exposed, and number of mortalities. An LD50

(lL of inoculum) was generated at a 95% confidence

limit.

Statistical analysis.—A one-way analysis of vari-

ance was used to compare mortality differences among

the isolates. Tukey’s honestly significant difference

(HSD) test was used for multiple comparison tests.

Viral DNA quantification.—A Rotor-Gene RG3000

(Corbett Research) real-time PCR machine along with

the fluorescent dye SYBR Green I (SYBR Jumpstart

Taq Ready Mix; Sigma, St. Louis, Missouri) were used

for quantitative PCR of the viral DNA. Real-time PCR

was conducted in a 25-lL reaction using 1 lL of the

original viral inoculum (unfiltered, undiluted prepara-

tion), 12.5 lL of Ready Mix, 0.4 lL of each 5-lM

primer (forward [F], reverse [R]; 0.2-lM final

concentration), and 10.5 lL of deionized water. The

specific primers used (WSS1011F, WSS1079R) were

from a published sequence (Durand et al. 2003),

generated a 69-bp band, and were manufactured by

Sigma-Genosys. Real-time PCR was conducted in

triplicate for each sample, and a melt curve and

gradient gel analysis were performed to verify single

product formation. The control (DiagXotics) was run in

triplicate at four concentrations: undiluted (1 ng/lL),

1:10, 1:100, and 1:1,000. Samples from the filtrate

preparations were run in triplicate at two concentra-

tions: undiluted and 1:10.

For the gradient gel, PCR conditions in a Bio-Rad

gradient thermocycler were as follows: 2 min at 958C,

40 cycles of 30 s at 948C, 30 s at 57–648C, and a 1-min

extension at 728C, with a final 728C extension for 5

min, followed by a 48C hold. The PCR product was

subjected to electrophoresis for 2 h at 70 V on a 1%
tris–boric acid–EDTA gel.

Amplification was performed for both the melt curve

and final assay using the following conditions: 10 min

at 958C, 40 cycles of 15 s at 958C and 1 min at 608C,

followed by a 48C hold. Quantification was performed

against a known positive standard (1 ng/lL) using the

Rotor-Gene RG 3000 software.

Results

The total number of Pacific white shrimp that

perished during the challenges varied greatly (11–34

out of 40) depending on the geographical isolate used

(Table 1). Mortality typically occurred within 2 to 4 d

of challenge (data not shown), and most of these

shrimp were tested for the presence of WSSV by PCR.

The majority of shrimp that died and were tested were

found to be WSSV positive (Table 1). Shrimp were

considered WSSV positive if either of the two primer

sets used gave PCR-positive results.

Of the seven WSSV isolates used to challenge

Pacific white shrimp, those challenged with isolates

CH1995 and M-M2001 experienced the least mortality,

and fewer tested positive for WSSV infectivity by PCR

(Table 1). In most cases, surviving shrimp were also

tested for the presence of WSSV. Few tested survivors

(0–2) were positive for WSSV in five of the seven

isolates. In the remaining two isolates, a greater

number of survivors (6 shrimp for CH1995-2 and 12

shrimp for M-M2001) were WSSV positive as detected

by PCR (Table 1).

We used the EPA Probit Analysis Program to

generate an LD50 for each isolate based on the

percentage mortality of the dilution of inocula. Probit

analysis revealed that Mexico isolate M-LP2001 was

the most virulent (LD50 ¼ 10�9), followed closely by

H2000 and E-L1999 (LD50¼ 10–8.5; Table 2). Mexico

isolate M-M2001 and the China isolate preparations

(CH1995-1, CH1995-2) were the least virulent of the

seven isolates tested based on probit analysis (Table 2).

Analysis of variance data showed a statistical differ-

ence between the seven isolates (P ¼ 0.007; Table 3).

Tukey’s HSD post hoc test determined that M-M2001

and CH1995 were significantly less virulent than EL-

1999, H2000, and M-LP2001 (Table 3). Isolates

N2002 and E-LT2002 did not vary significantly from

any of the other isolates (Table 3).

Real-time PCR confirmed that the amount of viral

DNA in each isolate preparation varied by no more

than 10-fold (Table 2). Regression analysis of the 1-ng/

lL known DNA sample control (diluted threefold)

gave a very high R2-value (0.99463), and samples fell

within the concentration range of the diluted standard.
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Discussion

The objective of the present study was to quantita-

tively compare virulence of WSSV isolated from

various regions, with an emphasis on western hemi-

sphere isolates, for Pacific white shrimp. Apparent

virulence differences among the six western hemi-

sphere isolates and one eastern hemisphere isolate

tested produced three ‘‘virulence clusters’’ based on

statistical analysis and LD50 values: least virulent

(CH1995, M-M2001), intermediate virulence (N2000,

E-LT2002), and most virulent (M-LP2001, E-L1999,

and H2000).

Although previous studies have compared virulence

of WSSV isolates, none of them have done so

quantitatively. Wang et al. (1999a) reported little

virulence difference between WSSV geographic iso-

lates (China, India, Thailand, Texas, South Carolina;

crayfish) used to challenge Pacific white shrimp but did

report virulence differences in challenged northern pink

shrimp Farfantepenaeus duorarum. Lan et al. (2002)

reported time to mortality differences using two China

WSSV isolates to challenge red swamp crayfish

Procambarus clarkii. Marks et al. (2005) reported

time-to-mortality differences in black tiger shrimp

TABLE 1.—Mortality (%) of Pacific white shrimp (n ¼ 10 shrimp/dilution) after injection challenge with various white spot

syndrome virus isolates and results of polymerase chain reaction (PCR) tests for infectivity. Isolates are listed in ascending order

from least to most virulent as determined by the Probit Analysis Program (U.S. Environmental Protection Agency).

PCRa (number of positives/number tested)

Filtrate preparation Experiment date Dilution Mortality (%) Dead Survivors

China (CH1995-1) Nov 8, 2002 1 3 10�6 50 5/5 0/3
1 3 10�7 50 3/5 0/3
1 3 10�8 20 0/2 0/8
1 3 10�9 0 0/0 0/6
Control 0 0/0 0/5

China (CH1995-2) Nov 20, 2002 1 3 10�6 50 0/5 0/5
1 3 10�7 40 0/0 0/6
1 3 10�8 10 0/0 3/9
1 3 10�9 10 0/1 3/9
Control 0 0/0 0/5

Mexico (M-M2001) Nov 18, 2002 1 3 10�6 80 6/8 0/2
1 3 10�7 20 0/2 3/8
1 3 10�8 0 0/0 4/8
1 3 10�9 10 0/0 4/9
Control 0 0/0 0/0

Nicaragua (N2000) Nov 11, 2002 1 3 10�6 90 9/9 0/1
1 3 10�7 60 6/6 0/4
1 3 10�8 30 3/3 0/7
1 3 10�9 10 1/1 0/5
Control 0 0/0 0/5

Ecuador (E-LT2002) Apr 2, 2003 1 3 10�6 100 10/10 0/0
1 3 10�7 80 8/8 0/2
1 3 10�8 30 2/3 1/4
1 3 10�9 10 1/1 0/9
Control 0 0/0 0/5

Ecuador (E-L1999) Oct 22, 2002 1 3 10�6 100 10/10 0/0
1 3 10�7 100 10/10 0/0
1 3 10�8 80 8/8 0/0
1 3 10�9 20 2/2 0/4
Control 0 0/0 0/0

Honduras (H2000-1) Sep 1, 2002 1 3 10�6 100 10/10 0/0
1 3 10�7 100 10/10 0/0
1 3 10�8 80 7/8 0/0
1 3 10�9 20 0/0 0/0
Control 0 0/0 0/0

Honduras (H2000-2) Oct 31, 2002 1 3 10�6 100 10/10 0/0
1 3 10�7 100 9/10 0/0
1 3 10�8 80 6/8 0/2
1 3 10�9 20 2/2 0/8
Control 0 0/0 0/5

Mexico (M-LP2001) Mar 24, 2003 1 3 10�6 100 10/10 0/0
1 3 10�7 100 9/10 0/0
1 3 10�8 90 9/9 0/1
1 3 10�9 50 4/5 1/5
Control 0 0/0 0/5

a Not all shrimp were tested by PCR.
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Penaeus monodon challenged with two Thailand

WSSV isolates. Taken together, these studies are

evidence of virulence variation among WSSV isolates.

However, none of these studies can be compared

directly because they differ in viral quantification,

WSSV isolates, challenge methods, and challenged

species.

The methodology used for viral delivery (injection)

and posttreatment (individual housing) in the present

study was designed to ensure that each challenged

shrimp received an equivalent dose of the virus and

that an LD50 could be obtained for each isolate used.

Immersion (Ledermann et al. 2004; Shivappa et al.

2004), droplet feeding (Escribano et al. 1999; Barreto

et al. 2005; Li et al. 2005), virus-contaminated food

(Jakob et al. 2002), and injection challenges (Gravot et

al. 2000) have all been used to challenge insects and to

determine an LD50 (Escribano et al. 1999; Ledermann

et al. 2004; Barreto et al. 2005; Li et al. 2005).

Immersion (Prior et al. 2003), oral (Lightner et al.

1998; Wang et al. 1998, 1999a; Sahul Hameed et al.

2001; Soto et al. 2001; Tang et al. 2003; Laramore

2007), and injection methods (Lan et al. 2002; Prior et

al. 2003; Chang et al. 2004; Marks et al. 2005;

Laramore 2007) have all been used to challenge

shrimp. Although oral challenge mimics the means

by which crustaceans are naturally infected, it is

difficult to ensure that individuals receive equal viral

doses and does not allow for a determination of an

LD50 as do immersion and injection challenges (Prior

et al. 2003; Laramore 2007). We chose injection over

immersion as we were unable to achieve repeatable

results with immersion due to water fouling issues

caused by the high doses needed to obtain an LD50 for

WSSV (Prior et al. 2003; unreported results).

Shrimp were housed individually postchallenge in

the current study, a method commonly used with

insects (Huges et al. 1983; Escribano et al. 1999; Jakob

et al. 2002; Ledermann et al. 2004; Barreto et al. 2005).

Although aquaria are more typically used postchal-

lenge to house aquatic animals (Lightner et al. 1998;

Supamattaya et al. 1998; Wang et al. 1998, 1999a;

Sahul Hameed et al. 2001; Tang et al. 2003; Shivappa

et al. 2004), individual housing has been used (Prior et

al. 2003; Marks et al. 2005). Use of individual housing

postchallenge prevents viral reintroduction through

cannibalism. The reduced exposure makes it more

likely for researchers to detect subtle virulence

differences that may exist among isolates and allows

for a determination of an LD50.

The small number of shrimp challenged (10 shrimp/

dilution, 40 shrimp total) with each isolate may impact

repeatability of the results obtained, particularly with

regards to the two isolates of intermediate virulence.

However, the more stringent experimental design,

which consisted of delivering a quantified viral dose

(injection versus oral challenge) and eliminating viral

dose amplification (individual versus communal hous-

ing), does not necessitate the large number of animals

needed for experimental designs that do not take those

factors into account. Statistical differences were found

even with a small sample size. Still, to assess

reproducibility, two additional experiments were per-

formed using an isolate (H2000) from the most virulent

cluster and an isolate (CH1995) from the least virulent

cluster. Data obtained in the second set of experiments

were similar to those obtained in the first set of

experiments for both isolates.

It is of notable interest that the two Ecuador isolates,

which varied in both farm location and collection year,

were more similar in virulence than the two Mexico

isolates, which varied in farm location but were

collected in the same year. One might expect the

Mexico isolates to be genetically similar and, therefore,

to have similar virulence. However, tissue was

collected from separate farms located far from each

other, and it is as likely as not that the postlarvae

stocked at each farm originated from separate sources.

TABLE 3.—Virulence clustering for white spot syndrome

virus isolates as determined by analysis of variance (ANOVA)

and Tukey’s honestly significant difference (HSD) test values.

Isolate
Statistical difference

(Tukey’s HSD)a

China (CH1995) a
Mexico (M-M2001) a
Nicaragua (N2000) ab
Ecuador (E-LT2002) ab
Ecuador (E1999) b
Honduras (H2000) b
Mexico (M-LP2001) b

a ANOVA results: F ¼ 3.9; F
crit
¼ 2.5; P ¼ 0.00719.

TABLE 2.—Lethal dose (LD50) of white spot syndrome

virus (WSSV) inoculum necessary to cause mortality in 50%
of injected Pacific white shrimp and viral DNA concentration

for each initial isolate inoculum (10�1) as determined by real-

time polymerase chain reaction.

WSSV isolate
LD50

(dilution factor)
Viral concentration

(pg/lL)

China (CH1995-1) �6.0 64
Mexico (M-M2001) �6.5 33
China (CH1995-2) �7.0 30
Nicaragua (N2000) �7.3 41
Ecuador (E-LT2002) �7.8 10
Ecuador (E-L1999) �8.5 32
Honduras (H2000-1) �8.5 29
Honduras (H2000-2) �8.5 44
Mexico (M-LP2001) �9.0 6
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Shrimp from each farm likely varied with regards to

strain, family group, or both. Location, environment,

and husbandry may also have played a role in virulence

differences and susceptibility at each farm.

This variability with respect to family group may

have also been a factor in challenge results, particularly

with the two Mexico isolates. Although shrimp used in

all experiments were from the same source and the

same strain, shrimp used for experiments conducted in

2003 with isolates M-LP2001 and E-LT2002 were

from a different spawn than experiments conducted in

2002. However, challenges conducted with each

shrimp cohort showed variation in virulence, making

it highly unlikely that this was the sole reason for the

virulence difference seen between the Mexico isolates.

Preparation of viral inocula and environmental condi-

tions were kept as constant as possible from one

experiment to the next. It is possible that subtle

undetected differences occurred that may have affected

the results obtained. Still, we maintain that the isolates

do differ in virulence, and we cite evidence of

reproducibility of results obtained with isolates

CH1995 and H2000.

The presence of a greater number of PCR-positive

survivors seen with CH1995-2 and M-M2001 lends

support to the data suggesting that these isolates are

less virulent and are perhaps less genetically able to

mount or maintain an attack on the shrimp immune

system. Absence of disease has been reported in

WSSV-positive shrimp ponds and attributed to genet-

ically resistant strains of shrimp or the ability of the

shrimp immune system to contain low-intensity viral

infection under low-stress conditions (Flegel 1997;

Tsai et al. 1999; Peng et al. 2001). In the present study,

however, all shrimp were of the same genetic strain,

although individual shrimp may have had the ability to

mount a more effective immune response than others.

One may explain that the reduced virulence seen

with the China isolate was due to host species effects.

Wang et al. (1999a) raised the possibility that virulence

differences seen between crayfish and penaeid isolates

might be due to host species, while other researchers

have dismissed the effect of host species (Dieu et al.

2004) and have subsequently used viral-infected tissue

from one species to infect another (Lan et al. 2002) or

to compare genomic variability (Marks et al. 2005).

Although the China isolate was originally collected

from fleshy prawn Fenneropenaeus chinensis, whereas

all other viral isolates were collected from Pacific white

shrimp, repeated passage was used to lessen or

eliminate possible host species effects. The China

isolate had been passaged in Pacific white shrimp twice

prior to our receiving it. It was further passaged in

Pacific white shrimp twice prior to our challenge

experiments.

Researchers have yet to thoroughly examine the

effect of infecting different host species with the same

isolates. Therefore, caution is warranted as to interpre-

tation of results obtained when using one WSSV-

infected species to infect another. We therefore must

acknowledge the possibility that the lower virulence

seen with the China isolate could be due to cross-

species differences. It would therefore be interesting to

see if similar virulence results were obtained using

another species.

Size and age are known to affect the susceptibility of

challenged animals to various pathogens. Although

juveniles used in challenges varied in size (0.25–1.50

g), the majority of challenged shrimp weighed between

0.5 and 1.0 g. Shrimp of different weights were evenly

disbursed among the different experiments and dilu-

tions, and the amount of filtrate injected was based on

weight. No difference in mortality due to size was

noted.

Real-time PCR was used to quantify the viral

concentration of the original filtrates using a known

WSSV-positive control sample (1 ng/lL). Although

the experiment was designed so that each challenged

shrimp at each dilution received an equal viral dose, it

was still necessary to quantify the viral concentration to

ensure that virulence difference was not attributed to

variation in viral DNA concentration. If less viral DNA

were found in the least virulent preparations, then viral

concentration alone could explain the variation found.

Although the amount of viral DNA varied 10-fold,

the least virulent isolate preparation (CH1995) actually

had the greatest amount of viral DNA, while the most

virulent isolate (M-LP2001) preparation contained the

least amount. Therefore, viral concentration did not

account for virulence differences. To our knowledge,

comparisons of the virulence of various isolates with

the amount of viral DNA used in challenges have not

previously been reported in isolate challenge studies.

Although LD50 values have been reported previously

for WSSV (Prior et al. 2003), values were determined

for a single viral isolate, and the viral concentration

was not quantified.

Polymerase chain reaction was used to verify that the

mortality that occurred during challenge experiments

was caused by WSSV. Two separate primers were used

to verify WSSV infection, and shrimp were considered

WSSV positive if they tested positive for either set of

primers. Not all challenged shrimp that died tested

positive for WSSV; however, a nested PCR was not

used, which may have resulted in false-negative results.

It is unlikely that secondary disease or water quality

could explain these results as all control shrimp
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survived. Degradation of shrimp tissue may have

compromised the ability to extract viral DNA from

shrimp tissue, producing false-negative results as well.

Sample containers were checked for mortality twice per

day during the week but only once per day on

weekends. As a result, tissue degradation was evident

for some of the dead shrimp. Although inclusion of

histology would have ruled out other factors that could

have impacted mortality, PCRs were chosen for this

particular study due to time and financial constraints.

Conclusions

White spot syndrome virus samples collected from

seven geographic isolates were found to differ with

respect to virulence. It was determined that viral load

alone did not account for virulence differences,

suggesting that genetic diversity exists among the

isolates examined. Isolates could be loosely grouped

into three clusters, ranging from the least to most

virulent (CH1995 and M-M2001; N2000 and E-

LT2002; H2000, E-L1999, and M-LP2001) through

LD50 values and statistical analysis. This indicates that

the various isolates within these clusters, although

collected from distinct geographic areas at various

times, may be related yet indicative of separate

introduction events. Future genetic analysis is needed

to determine whether the virulence clustering observed

reflects genome relatedness.

Acknowledgments

We thank Don Schumann of Indian River Aquacul-

ture and Joe Mountain of Harbor Branch Shrimp, Inc.,

for the donation of shrimp used in these experiments;

we also thank Don Lightner, Anthony Schurr, Jim

Collins, and John Wigglesworth for the WSSV

isolates. We are grateful to the reviewers for their

input, which improved the manuscript. This research

comprised part of the dissertation research of Susan

Laramore at the Florida Institute of Technology and

was supported by Harbor Branch Oceanographic

Institute. This is Harbor Branch Oceanographic

Institute–Florida Atlantic University contribution num-

ber 1714.

References

Barreto, M. R., C. T. Gimaraes, F. F. Teixeira, E. Paiva, and

F. H. Valicente. 2005. Effect of Baculovirus spodoptera
isolates in Spodoptera frugiperda (J. E. Smith) (Lepi-

doptera: Noctuidae) larvae and their characterization by

RAPD. Neotropical Entomology 34:67–75.

Chang, P. S., H. C. Chen, and Y. C. Wang. 1998. Detection of

white spot syndrome associated baculovirus in experi-

mentally infected wild shrimp, crab and lobsters by in

situ hybridization. Aquaculture 164:233–242.

Chang, Y. S., S. E. Peng, H. C. Wang, H. C. Hsu, C. H. Ho,

C. H. Wang, S. Y. Wang, C. F. Lo, and G. H. Kou. 2001.

Sequencing and amplified restriction fragment length

polymorphism analysis of ribonucleotide reductase large

subunit gene of the white spot syndrome virus in blue

crab (Callinectes sapidus) from American coastal waters.

Marine Biotechnology 3:163–171.

Chang, Y. S., S. E. Peng, H. T. Yu, F. C. Liu, C. H. Wang,

C. F. Lo, and G. H. Kou. 2004. Genetic and phenotypic

variations of isolates of shrimp Taura syndrome virus

found in Penaeus monodon and Metapenaeus ensis in

Taiwan. Journal of General Virology 85:2963–2968.

Chen, S. N. 1995. Current status of shrimp aquaculture in

Taiwan. Aquaculture 95:29–34.

Chou, H. Y., C. Y. Huang, C. H. Wang, and C. F. Lo. 1995.

Pathogenicity of a baculovirus infection causing white

spot syndrome in cultured penaeid shrimp in Taiwan.

Diseases of Aquatic Organisms 23:165–173.

Dieu, B. T., H. Marks, J. J. Siebenga, R. W. Goldbach, D.

Zuidema, T. P. Duong, and J. M. Vlak. 2004. Molecular

epidemiology of white spot syndrome virus within

Vietnam. Journal of General Virology 85:3607–3618.

Durand, S. V., R. M. Redman, L. L. Mahoney, K. Tang-

Nelson, J. R. Bonami, and D. V. Lightner. 2003.

Qualitative and quantitative studies on the relative virus

load of tails and heads of shrimp acutely infected with

WSSV. Aquaculture 216:9–18.

Escribano, A., T. Williams, D. Goulson, R. D. Cave, J. W.

Chapman, and P. Caballero. 1999. Selection of a

nucleopolyhedrovirus for control of Spodoptera frugi-
perda (Lepidoptera: Noctuidae): structural, genetic and

biological comparison of four isolates from the Americas.

Journal of Economic Entomology 92:1079–1085.

Flegel, T. W. 1997. Special topic review: major viral diseases

of the black tiger prawn Penaeus monodon in Thailand.

World Journal of Microbiology and Biotechnology

13:433–442.

Flegel, T. W., D. F. Fegan, and S. Sriurairatana. 1995.

Environmental control of infectious diseases in Thailand.

Pages 65–79 in M. Shariff, J. R. Arthur, and R. P.

Subasinghe, editors. Diseases in Asian aquaculture II.

Asian Fisheries Society, Manila.

Gravot, E., M. Thomas-Orillard, and B. Jeune. 2000.

Virulence variability of Drosophila C virus and effects

of the microparasite on demographic parameters of the

host (Drosophila melanogaster). Journal of Invertebrate

Pathology 75:144–151.

Hoar, W. S., and C. P. Hickman. 1975. A laboratory

companion for general and comparative physiology.

Prentice-Hall, Englewood Cliffs, New Jersey.

Huges, P. R., R. R. Gettig, and W. J. McCarthy. 1983.

Comparison of the time-mortality response of Heliothis
zea to 14 isolates of Heliothis nuclear polyhedrosis virus.

Journal of Invertebrate Pathology 41:256–261.

Inouye, K., S. Miwa, N. Oseko, H. Nakano, T. Kimura, K.

Momoyama, and M. Hiraoka. 1994. Mass mortalities of

cultured Kuruma shrimp Penaeus japonicus in Japan in

1993: electron microscopic evidence of the causative

virus. Fish Pathology 9:149–158.

Jakob, N. J., R. G. Kleespies, C. A. Tidona, K. Muller, H. R.

Gelderblom, and G. Darai. 2002. Comparative analysis

of the genome and host range characteristics of two insect

iridoviruses: Chilo iridescent virus and a cricket

88 LARAMORE ET AL.



iridovirus isolate. Journal of General Virology 83:463–

470.

Jory, D. E., and H. M. Dixon. 1999. Shrimp white spot virus

in the western hemisphere. Aquaculture Magazine

25:83–91.

Kimura, T., K. Yamano, H. Nakano, K. Momoyama, M.

Hiraoka, and K. Inouye. 1996. Detection of penaeid rod-

shaped DNA virus (PRDV) by PCR. Fish Pathology

31:93–98.

Lan, Y., W. Lu, and X. Xu. 2002. Genomic instability of

prawn white spot bacilliform virus (WSBV) and its

association to virus virulence. Virus Research 90:269–

274.

Laramore, S. 2007. Susceptibility of the peppermint shrimp

Lysmata wurdemanni to the white spot syndrome virus.

Journal of Shellfish Research 26:623–627.

Ledermann, J. P., E. L. Suchman, W. C. Black, IV, and J. O.

Carlson. 2004. Infection and pathogenicity of the

mosquito densoviruses AeDNV, HeDNV and APeDNV

in Aedes aegypti mosquitoes. Journal of Economic

Entomology 97:1828–1835.

Li, L., Q. Li, L. G. Willis, M. Erlandson, D. A. Theilmann,

and C. Donly. 2005. Complete comparative genomic

analysis of two field isolates of Mamestra configurata
nucleopolyhedrovirus-A. Journal of General Virology

86:91–105.

Lightner, D. V., K. W. Hasson, B. L. White, and R. M.

Redman. 1998. Experimental infection of western

hemisphere penaeid shrimp from Asian white spot

syndrome virus and Asian yellow head virus. Journal

of Aquatic Animal Health 10:271–281.

Lightner, D. V., and R. M. Redman. 1998. Shrimp diseases

and current diagnostic methods. Aquaculture 164:201–

220.

Lo, C. F., C. H. Ho, S. E. Peng, C. H. Chen, H. C. Hsu, Y. I.

Chiu, C. F. Chang, K. F. Liu, M. S. Su, C. H. Wang, and

G. H. Kou. 1996. White spot syndrome baculovirus

(WSBV) detected in cultured and captured shrimp, crabs

and other arthropods. Diseases of Aquatic Organisms

27:215–225.

Lo, C. F., H. C. Hsu, M. F. Tsai, C. H. Ho, S. E. Peng, G. H.

Kou, and D. V. Lightner. 1999. Specific genomic DNA

fragment analysis of different geographical clinical

samples of shrimp white spot syndrome virus. Diseases

of Aquatic Organisms 35:175–185.

Marks, H., J. J. A. van Duijse, D. Zuidema, M. C. W. van

Hulten, and J. M. Vlak. 2005. Fitness and virulence of an

ancestral white spot syndrome virus isolate from shrimp.

Virus Research 110:9–20.

Momoyama, K., M. Hiraoka, H. Nakano, H. Koube, K.

Inouye, and N. Oseka. 1994. Mass mortalities of cultured

Kuruma shrimp Penaeus japonicus in Japan in 1993:

histopathological study. Fish Pathology 29:141–148.

Montiel de Morales, M., S. E. Laramore, C. R. Laramore, F.

Morales, and J. Scarpa. 2006. Transmision experiemental

del virus de la necrosis hipodermica y hematopoyetica

infecciosa (IHHNV) en Litopenaeus vannamei: influen-

cia de la salinidad en la expression de la infeccion.

[Experimental transmission of infectious hypoderma and

hematopoietic necrosis virus in Litopenaeus vannamet:
influence of salinity on infection expression.] Ciencia

15(3):311–318.

Morales-Covarrubias, M. S., L. M. Nunan, D. V. Lightner,

J. C. Mota-Urbina, M. C. Garza- Aquirre, and M. D.

Chavez-Sanchez. 1999. Prevalence of infectious hypo-

dermal and hematopoietic necrosis virus (IHHNV) in

wild adult blue shrimp Penaeus stylirostris from the

northern Gulf of California, Mexico. Journal of Aquatic

Animal Health 11:296–301.

Nakano, H., H. Koube, S. Umezawa, K. Momoyama, M.

Hiraoka, K. Inouye, and N. Oseko. 1994. Mass

mortalities of cultured Kuruma shrimp, P. japonicus, in

Japan in 1993: epizootiological survey and infection

trials. Fish Pathology 29:135–139.

Otta, S. K., G. Shubha, B. Joseph, A. Chakraborty, I.

Karunasagar, and I. Karunasagar. 1999. Polymerase

chain reaction (PCR) detection of white spot syndrome

virus in cultured and wild crustaceans in India. Diseases

of Aquatic Organisms 38:67–70.

Pantonia, C. R., D. V. Lightner, and K. H. Holstchmit. 1999.

Prevalence and geographic distribution of infectious

hypodermal and hematopoietic necrosis virus (IHHNV)

in wild blue shrimp Penaeus stylirostris from the Gulf of

California. Journal of Aquatic Animal Health 11:23–24.

Peng, S. E., C. F. Lo, S. C. Lin, L. L. Chen, Y. S. Chang, K. F.

Liu, M. S. Su, and G. H. Kou. 2001. Performance of

WSSV-infected and WSSV-negative Penaeus monodon
postlarvae in culture ponds. Diseases of Aquatic

Organisms 46:165–172.

Prior, S., C. L. Browdy, E. F. Sheppard, R. Laramore, and P.

Parnell. 2003. Controlled bioassay systems for determi-

nation of lethal infective doses of tissue homogenates

containing Taura syndrome or white spot syndrome

virus. Diseases of Aquatic Organisms 54:89–96.

Rosenberry, B. 2001. World shrimp farming 2001, volume 14.

Shrimp News International, San Diego, California.

Sahul Hameed, A. S., K. Yoganandhan, S. Sathish, M.

Rasheed, V. Murugan, and K. Jayaraman. 2001. White

spot syndrome virus (WSSV) in two species of

freshwater crabs Paratelphusa hydrodomous and P.
pulvinata. Aquaculture 201:179–186.

Shivappa, R. B., H. Song, K. Yao, A. Aas-England, O.

Evensen, and V. N. Vakharia. 2004. Molecular charac-

terization of Sp serotype strains of infectious pancreatic

necrosis virus exhibiting differences in virulence.

Diseases of Aquatic Organisms 61:23–32.

Soto, M. A., V. R. Shervette, and J. M. Lotz. 2001.

Transmission of white spot syndrome virus (WSSV) to

Litopenaeus vannamei from infected cephalothorax,

abdomen or whole shrimp cadaver. Diseases of Aquatic

Organisms 45:81–87.

Sudha, P. M., C. V. Mohan, K. M. Shankar, and A. Hegde.

1998. Relationship between white spot syndrome virus

infection and clinical manifestation in Indian cultured

penaeid shrimp. Aquaculture 167:95–101.

Supamattaya, K., R. W. Hoffmann, S. Boonyaratpalin, and P.

Kanchanaphum. 1998. Experimental transmission of

white spot syndrome virus (WSSV) from black tiger

shrimp Penaeus monodon to the sand crab Portunus
pelagicus, mud crab Scylla serratta and krill Acetes spp.

Diseases of Aquatic Organisms 32:79–85.

Takashashi, Y., T. Itami, M. Kondon, M. Maeda, R. Fujii, S.

Tomonaga, K. Supamattaya, and S. Boonyaratpalin.

1994. Electron microscopic evidence of bacilliform virus

WHITE SPOT SYNDROME VIRUS IN SHRIMP 89



infection in Kuruma shrimp (Penaeus japonicus). Fish

Pathology 29:121–125.

Tang, K. F., B. T. Poulos, J. Wang, R. M. Redman, H. H.

Shih, and D. V. Lightner. 2003. Geographic variations

among hematopoietic necrosis virus (IHHNV) isolates

and characteristics of their infection. Diseases of Aquatic

Organisms 53:91–99.

Tsai, M. F., G. H. Kou, H. C. Liu, K. F. Liu, C. F. Chang,

S. E. Peng, H. C. Hsu, C. H. Wang, and C. F. Lo. 1999.

Long term presence of white spot syndrome virus

(WSSV) in a cultivated shrimp population without

disease outbreaks. Diseases of Aquatic Organisms

38:107–114.

Wang, C. H., C. F. Lo, J. H. Leu, C. M. Chou, P. Y. Yeh,

H. Y. Chou, M. C. Tung, C. F. Chang, M. S. Su, and

G. H. Kou. 1995. Purification and genomic analysis of

baculovirus associated with white spot syndrome virus

(WSBV) of Penaeus monodon. Diseases of Aquatic

Organisms 23:239–242.

Wang, Q., B. L. White, R. M. Redman, and D. V. Lightner.

1999a. Per os challenge of Litopenaeus vannamei
postlarvae and Farfantepenaeus duorarum juveniles with

six geographic isolates of white spot syndrome virus

(WSSV). Aquaculture 170:179–194.

Wang, Y. C., C. F. Lo, P. S. Chang, and G. H. Kou. 1998.

Experimental infection of white spot baculovirus in some

cultured and wild decapods in Taiwan. Aquaculture

164:221–231.

Wang, Y. G., M. D. Hassan, M. Shariff, S. Zamri, and X.

Chen. 1999b. Histopathology and cytopathology of white

spot syndrome virus (WSSV) in cultured Penaeus
monodon from peninsular Malyasia with emphasis on

pathogenesis and the mechanism of white spot formation.

Diseases of Aquatic Organisms 39:1–11.

90 LARAMORE ET AL.


	1714 cover
	1714_Laramore_Virulence

