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Abstract 
This study was conducted to evaluate the virulence of Vibrio harveyi MTCC 7954, V. parahaemolyticus 

MTCC 451 and V. vulnificus MTCC 1145 to Pacific white shrimp Litopenaeus vannamei juveniles. 

Vibrio spp. were injected to juvenile shrimps (2.28 ± 0.19 g) with a lethal dose of 1 x 107 CFU/shrimp 

while control without Vibrio spp. and reared for 10 days. Significantly higher and earlier mortality was 

recorded with V. parahaemolyticus than other Vibrio strains and control. Total mortality of juvenile 

shrimps was recorded in 6 days with V. parahaemolyticus injection followed by V. vulnificus in 7 days 

while V. harveyi produced 63.33% ± 10.00% mortality in 10 days of the test period. Higher virulence 

exhibited by V. parahaemolyticus to juveniles shrimp with median lethal time value 4.13 days than V. 

vulnificus and V. harveyi with values of 4.96 and 8.57 days respectively.  
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Introduction 

The aquaculture of shrimp has rapidly grown to a major industry worldwide. The aquaculture 

production practices have been intensified to a greater extent both in technological and 

practical measures to meet the global demand [1]. Pacific white shrimp Litopenaeus vannamei 

has potential to grow fast. Problem related to diseases and deterioration of environmental 

parameters often occurs resulting in serious economic losses [2]. Hence, disease is considered 

as a one of the critical limiting factor [3] in the shrimp aquaculture. However, the growth of the 

aquaculture industry is hampered by unpredictable mortalities mostly caused by pathogenic 

microorganisms. Vibrio is the most important bacterial pathogens of cultured shrimps 

responsible for number of diseases and mortality among all [4]. Vibrio are in Vibrionaceae 

family, Gram-negative facultative anaerobes, short to medium, coma-shaped rods found in 

fresh, estuarine and marine ecosystems [5]. Pathogenic strain of Vibrio harveyi, V. 

parahaemolyticus and V. vulnificus are able to cause massive epidemics in Penaeus monodon 
[6, 7]. V. harveyi and V. parahaemolyticus @ 105 to 107 CFU/ml developed red disease 

syndrome in Penaeus monodon and L. vannamei [8-12]. V. harveyi shown higher virulence than 

V. alginolyticus, V. vulnificus, V. fischeri and V. parahaemolyticus in P. monodon which were 

isolated from the host infected with white-spot syndrome virus and shell disease outbreaks 

from the shrimp farms located in peninsular India [13] while such study in L. vannamei was 

lacking. V. harveyi associated with white gut disease (WGD), loose shell syndrome (LSS) and 

red disease (RD); V. parahaemolyticus with RD and tail nacrosis (TN) and V. vulnificus with 

LSS in shrimp farms and hatcheries [14-17]. Researchers studied the pathogenicity of V. harveyi 
[18-21], V. parahaemolyticus [22] and V. vulnificus [23] on L. vannamei [15]. The present study was 

formulate to find out comparative virulence of Vibrio harveyi, V. parahaemolyticus, V. 

vulnificus associated with L. vannamei disease and mass mortality.  

 

2. Materials and methods 

All experimental works were carried out at Fisheries Research Station, Junagadh Agricultural 

University, Okha, Gujarat, India (lat 22˚28'42.3"N; long 69˚04'40.8"E).  

 

2.1 Procurement and acclimatization of shrimp L. vannamei juveniles 

Shrimp juveniles were collected from pond of the research station and acclimatized in 1000 l 

FRP tanks for 10 days prior to the experiment. During the acclimatization period, shrimps  
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were fed with commercial feed ad libitum, provided 

continuous aeration and water exchanged every 48 hours. 

Shrimp juveniles were observed for health. Physico-chemical 

parameters of seawater were maintained within ambient limits 

with salinity 35 ppt, pH 7.9 to 8.2, temperature 28 to 30 ˚C 

and dissolved oxygen more than 6 ppm.  

 

2.2 Procurement and culture of Vibrio spp. strains 

Three pathogenic bacterial strains Vibrio harveyi MTCC 

7954, V. parahaemolyticus MTCC 451 and V. vulnificus 

MTCC 1145 were procured from the Microbial Type Culture 

Collection and Gene Bank, CSIR-Institute of Microbial 

Technology, Chandigarh, India. They were grown in Tryptone 

Soya (TS) broth (M011 HiMedia, India) at streaked on TCBS 

agar (M189, HiMedia, India). They were incubated at 35 ˚C 

for 24 to 48 hours. Working strains were stored in a 

refrigerator (Haier, India) at 4 ˚C. Bacterial strains of Vibrio 

spp. were also preserved in TS broth containing 15% (v/v) 

glycerol solution at -80 ˚C in ultra-freezer (EIE-414, India) [24, 

19]. TS broth cultured Vibrio spp. strain pellets were harvested 

by centrifuging in refrigerated centrifuge (Remi R-8C, India) 

at 3000 g for 10 minutes at 4 ˚C. Supernatant fluid was 

decanted and the pelleted cells washed with phosphate buffer 

saline thrice. Concentration of Vibrio spp. strains were 

adjusted to 108 CFU/ml by adding sterile normal saline 

solution (0.85% NaCl) equal to its standardized absorbance. 

Bacterial concentration absorbance was standardized by 

spectrophotometrically (Spectronic 21D, USA) at 600 nm 

wavelength using serial dilution method [20]. 

 

2.3 Injection of Vibrio spp. to L. vannamei 

Healthy shrimp juveniles (2.28 ± 0.19 g, n=10) in the 

intermolt stage were collected from acclimatisation tank and 

gently injected with 0.1 ml 108 CFU/ml Vibrio harveyi, V. 

parahaemolyticus and V. vulnificus suspension into the 

abdominal segment using sterile 1 ml capacity syringe with 

31 gauge needle resulting in dose of 107 CFU/shrimp. The 

concentration of injection were based on previous research [8, 

23] and preliminary challenge test. The experiment was 

conducted on 10 shrimp juveniles in each treatment of Vibrio 

sp. in triplicates sets. For control, same volume of sterile 

normal saline solution (0.85% NaCl) without Vibrio spp. was 

injected to shrimp juveniles [19, 20, 23].  

 

2.4 Rearing of L. vannamei and observation 

Injected shrimps were released in glass jar filled with 10 l 

cartridge filtered and UV sterilized seawater. Continuous 

aeration was provided by aerator and fed with commercial 

feed (Manamei brand, Avanti). They were observed 

periodically for health, moribund and mortality up to 10 days. 

The physico-chemical parameters salinity, temperature, pH 

and dissolved oxygen during the experiment were 35 ppt, 28 

± 2 ˚C, 8.1 ± 0.2 and > 6 ppm respectively. Dead shrimps 

were removed from glass jars and recorded. Samples from 

hepatopancreas of moribund shrimps were aseptically 

streaked on TCBS agar and observed growth of Vibrio spp. 

after 24 hours of incubation at 35 ˚C.  

2.5 Statistical analysis 

The experiment was arranged in triplicate. All results were 

presented as means ± their standard deviations. A two way 

ANOVA of complete randomized design analysis of the data 

to test for significant differences between treatments at a P 

value <0.05% and mean comparison were performed [25]. 

Median lethal time (LT50, time period in which 50% of 

shrimp juveniles were died at a dose of Vibrio sp. @ 1 x 107 

CFU/shrimp) value was estimated using Probit method [13, 26-

29]. 

 

3. Results and discussion 

The results of the tests are presented in Table 1 and 

graphically illustrated in Figure 1. Infected shrimps showed 

lethargic movement led to death. All the strains of Vibrio spp. 

produced significantly higher mortalities than the controls 

(P<0.05). V. parahaemolyticus produced significantly higher 

and earlier mortality than other Vibrio strains. V. 

parahaemolyticus produced total mortality of L. vannamei 

juveniles in 6 days followed by V. vulnificus in 7 days while 

V. harveyi produced 63.33% ± 10.00% mortality in 10 days of 

the test period. Infection of Vibrio spp. were confirmed on 

TCBS agar plates by hemolymph streaking from the 

moribund and dead juveniles. Mortality of L. vannamei was 

increased with the increase in the time period (days) of 

infection but not significant. Median lethal time values of 

Vibrio spp. at intramuscular dose of 1 x 107 CFU/shrimp to L. 

vannamei are presented in Table 2. Highest virulence showed 

by V. parahaemolyticus with lower median lethal time value 

to L. vannamei which was recorded 4.13 days. V. vulnificus 

and V. harveyi showed 4.96 and 8.57 days LT50 value 

respectively (Table 2).  

The results of this study is near similar with lethal dose of V. 

harveyi @ 2.7 x 106 to 1.4 x 107 CFU/shrimp on L. vannamei 

by Huang et al. [30]
; and V. harveyi @105 to 107 CFU/ml and 

V. parahaemolyticus @105 to 107 CFU/ml on Penaeus 

monodon by Alapide and Dureza [8]. Zheng and Wang found 

virulence of V. vulnificus @ 107 CFU/shrimp on L. vannamei 
[23]. Aguirre-Guzman et al. used lethal dose of 106 CFU/ml of 

V. parahaemolyticus in L. vannamei [10] and similar infection 

dose of V. harveyi in P. monodon by Karunasagar et al. [11].  

Results of the present study differ with higher virulence 

recorded by Manilal et al. on Vibrio spp. isolated from P. 

monodon of South-East coast of India with lower LD50 value 

i.e. 2.8 x 103 CFU/shrimp of V. harveyi, 7.4 x 104 

CFU/shrimp of V. parahaemolyticus and 8.6 x 105 

CFU/shrimp of V. vulnificus. They found higher virulence of 

V. harveyi than other Vibrio spp. [13]. This study also differs 

with result of higher virulence with lower lethal dose values 1 

x 103 CFU/g to 2.5 x 104 CFU/g of V. harveyi and 1.5 x 104 

CFU/g to 3 x 104 CFU/g of V. parahaemolyticus by Jayshree 

et al. They isolated Vibrio spp. from diseased shrimp Penaeus 

monodon from culture ponds of coastal Andhra Pradesh [14]. 

This difference might be due to different shrimp species, its 

juvenile size and isolation of Vibrio spp. from host which is 

more virulent in nature. 
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Table 1: Mortality (%) of L. vannamei juveniles after injection with pathogenic Vibrio strains (mean ± SD, n=3) 
 

Duration-D (Days) 

Treatment- Pathogens (T) 

Mean (D) T1 

(V. harveyi) 

T2 

(V. para- haemolyticus) 

T3 

(V. vulnificus) 

T4 

(Control) 

D0 (0) 00.00 ± 0.00 00.00 ± 0.00 00.00 ± 0.00 00.00 ± 0.00 00.00 

D1 (1) 00.00 ± 0.00 06.67 ± 5.77 03.33 ± 0.00 00.00 ± 0.00 02.50 

D2 (2) 00.00 ± 0.00 16.67 ± 5.77 06.67 ± 0.00 00.00 ± 0.00 05.83 

D3 (3) 03.33 ± 5.77 23.33 ± 5.77 20.00 ± 10.00 00.00 ± 0.00 11.67 

D4 (4) 06.67 ± 5.77 43.33 ± 5.77 33.33 ± 10.00 00.00 ± 0.00 20.83 

D5 (5) 16.67 ± 10.00 70.00 ± 10.00 53.33 ± 5.77 00.00 ± 0.00 35.00 

D6 (6) 23.33 ± 10.00 96.67 ± 5.77 63.33 ± 11.55 00.00 ± 0.00 45.83 

D7 (7) 33.33 ± 5.77 100.00 ± 0.00 90.00 ± 5.77 00.00 ± 0.00 55.83 

D8 (8) 43.33 ± 5.77 100.00 ± 0.00 100.00 ± 0.00 00.00 ± 0.00 60.83 

D9 (9) 56.67 ± 5.77 100.00 ± 0.00 100.00 ± 0.00 00.00 ± 0.00 64.17 

D10 (10) 63.33 ± 10.00 100.00 ± 0.00 100.00 ± 0.00 00.00 ± 0.00 65.83 

Mean (T) 21.82 60.00 50.30 00.00  

Treatment S.Em. ± C.D. at 5% CV% 

T (Pathogen) 0.88 2.49 

15.37 D (Duration) 1.47 4.12 

D X T 2.93 NS 

ANOVA 

SV DF SS MS FCal Signi. 

T 3 74000.00 24666.67 957.56 * 

D 10 86737.88 8673.79 336.72 * 

T X D 30 41983.33 1399.44 54.33 * 

Error 88 2266.67 25.76   

Total 131 204987.88    

Note: ‘*’ indicates significance at 0.05% 

 
Table 2: Median lethal time LT50 value of L. vannamei juveniles after injection with Vibrio strains @ 1x107 CFU/shrimp 

 

 
Treatment- Pathogens (T) 

Vibrio strains T1 (V. harveyi) T2 (V. parahaemolyticus) T3 (V. vulnificus) 

LT50 value (days) 8.57 4.13 4.96 

Equation Y=5.27x + 0.09 Y=5.64x + 1.53 Y=4.42x + 1.93 

R2 0.982 0.981 0.982 

 

 
 

Fig 1: Mortality of L. vannamei juveniles challenged with pathogenic Vibrio strains 
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4. Conclusion 

Vibrio harveyi, V. parahaemolyticus and V. vulnificus @ 1x 

107 CFU/shrimp are virulent to shrimp L. vannamei. V. 

parahaemolyticus found more virulent than V. vulnificus and 

V. harveyi to L. vannamei in laboratory conditions. 
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