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The rapid expansion of commercial culture of
penaeid shrimp is threatened by Vibrio diseases af-
fecting survival and growth. These opportunistic mi-
croorganisms are considered part of the normal eco-
system of penaeid shrimp and cause diseases only
under conditions that favor them over the host.
Shrimp larvae show different susceptibility to these
pathogenic agents. In the present work, we report on
a comparative study of the susceptibility of all Amer-
ican white shrimp (Litopenaeus vannamei) larval
substages to four potentially pathogenic Vibrio spe-
cies (V. harveyi, V. parahaemolyticus, V. alginolyti-
cus, and V. penaeicida). Strains of these bacterial
species were used to infect nauplii, protozoea I–III,
mysis I–III, and postlarvae 1 by immersion challenge
at 103, 105, or 107 cfu mL�1 for 30 min. V. alginolyticus
infection had no significant effect on survival rate,
compared to control, in all shrimp larvae and at all
doses tested. Shrimp larvae infected with V. algino-
lyticus showed a high survival rate compared to
other Vibrio species at the three dose levels. V.
penaeicida produced a significant mortality effect
(P < 0.01) in all shrimp substages and only in post-
larvae 1 at low infection dose (103 cfu mL�1). V. har-
veyi and V. parahaemolyticus induced significant
mortality rates (P < 0.01) only at high doses in
shrimp larvae. In summary, shrimp larvae demon-
strated an age susceptibility that depends on the
Vibrio species and dose level. © 2001 Elsevier Science (USA)
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INTRODUCTION

Vibrio species are part of the autochthonous flora
of marine organisms and one of the most important
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groups in marine environments, representing nearly
80% of the bacterial population in surface water of
the western Pacific Ocean (Tsukamoto et al., 1993).
They have caused mortalities in different aquacul-
tured shrimp larvae species in different countries
(Tansutapanit and Ruangpan, 1987; Hameed, 1995;
Karunasagar et al., 1994; Robertson et al., 1998;
Vandenberghe et al., 1998). Vibrio vulnificus, Vibrio
alginolyticus, Vibrio campbellii, Vibrio splendidus,
Vibrio damsela, Vibreo parahaemolyticus, and Vibrio
harveyi have been described as the main pathogenic
Vibrio species affecting penaeid shrimp (Lightner,
1996).

In shrimp hatcheries, some Vibrio species have
been associated with elevated mortality of shrimp,
such as V. campbellii on Penaeus indicus, Penaeus
monodon, and Penaeus semisulcatus (Hameed, 1995)
and V. harveyi and V. parahaemolyticus on P. mon-
odon and Litopenaeus vannamei (Karunasagar et al.,
1994; Alapide and Dureza, 1997; Robertson et al.,
1998). Mass mortalities associated with Vibrio
penaeicida have been observed in Penaeus japonicus
juveniles (de la Peña et al., 1993, 1995) and Litope-
naeus stylirostris juveniles (Costa et al., 1998).
Goarant et al. (1998) shows under experimental in-
fection the mortality of L. stylirostris postlarvae to V.
penaeicida. Muroga et al. (1994) and Karunasagar et
al. (1994) showed that shrimp larvae survival de-
pends on the shrimp species and size and on the
Vibrio doses and source of bacterial isolates, respec-
tively.

Due to the increased use of American white shrimp
for aquaculture along the northwestern coast of Mex-
ico, we evaluated the resistance of L. vannamei larvae
and postlarvae to four Vibrio species at different doses
(103, 105, and 107 cfu mL�1) at our aquaculture facili-
ties in La Paz, B.C.S., Mexico. Because of the risk of
introducing live animals or frozen shrimp with exotic
pathogen microorganisms, we included V. penaeicida
in our study.
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MATERIALS AND METHODS

Bacterial Strain and Culture Conditions

Vibrio strains were isolated from seawater, mussels,
or shrimp and were obtained from different sources: V.
alginolyticus strain 138-2 (Tokuda et al., 1981) was a
gift from Professor Michio Homma at the Nagoya Uni-
versity, Japan; V. harveyi strain B392 was a gift from
Professor Ned Ruby at the University of Hawaii; V.
parahaemolyticus CECT 558 was a gift from Dr. Car-
men Amaro-Gonzalez at the Spanish Type Culture Col-
lection; and V. penaeicida KH-1 (Ishimaru et al., 1995)
was a gift from Dr. Leonardo Lizarraga at Centro de
Investigación Cientı́fica y de Educación Superior de
Ensenada, Mexico. To recover V. alginolyticus, V. har-
veyi, and V. parahaemolyticus strains from cryopreser-
vation (�80°C), samples were plated on LB agar (5 g
L�1 yeast extract, 10 g L�1 triptose, and 20 g L�1 agar)
containing 2.5% NaCl and incubated at 37°C for 24 h.
V. penaeicida was plated on Zobell medium and incu-
bated at 30°C for 24 h (Costa et al., 1998). The effect of
these strains on shrimp larvae (nauplii and protozoea
I) was tested previously in our institution (data not
shown).

The bacterial colonies were transferred to vials of 10
mL filtered seawater (0.2-�m pore size filter) to obtain
an absorbance value of 1 at 540 nm, corresponding to a
cell density of approximately 109 cfu mL�1. The cellular
biomass was centrifuged at 3000 rpm (1000g) for 15
min; the pellet was resuspended in 10 mL filtered
seawater (0.2-�m pore size filter) and used for a 10-fold
serial dilution. Bacterial suspensions of 103, 105, and
107 cfu mL�1 were used for shrimp infection bioassay.

Experimental Animals

Healthy shrimp nauplii III–IV of L. vannamei were
obtained in two batches from a commercial shrimp
laboratory (Acuacultores de la Penı́nsula, La Paz,
B.C.S., Mexico). The organisms were transported in
seawater (27°C, pH 7.8–8.2, 32‰ salinity) in a poly-
styrene box from the commercial shrimp laboratory to
the CIBNOR wet laboratory. Nauplii were acclimated
in a culture tank (0.4-m3 conical fiberglass tank) with
aeration and filtered seawater (1-�m pore size filter)
(Villalon, 1991), containing 10 mg L�1 of EDTA diso-
dium salt (Biedenbach et al., 1990). Filtered seawater
was maintained at pH 7.8–8.2, 27°C, 35‰ salinity.
Thiosulfate citrate bile salts sucrose (TCBS) agar
(Difco, Detroit, MI) was used for evaluation of the
Vibrio count in the original seawater and nauplii.

Physicochemical Variables and Vibrio Count

Physicochemical water variables of the larval and
postlarval cultures remained relatively constant dur-
ing the bioassays. The temperature in the glass bottles

and larval culture (conic fiberglass tank) was 27 � 1°C;
pH varied from 7.8 to 8.2 and salinity from 35 to 36‰.
Dissolved oxygen remained above 8 ppm. Total Vibrio
counts in the conical fiberglass tank were 8 to 420 cfu
mL�1 and the washed shrimp larvae counts ranged
from 6 to 89 cfu mL�1, with the highest level in the
postlarval stage.

Shrimp Infection Bioassay

The experimental challenges were made in a con-
trolled area because V. penaeicida had not been re-
ported in Mexico. Corresponding healthy larvae (nau-
plii, protozoea I–III, mysis I–III, or postlarvae) were
collected from the culture tank after metamorphosis.
Before infection, selected larvae were washed two
times with sterilized seawater containing 10 mg L�1 of
EDTA to remove food particles and detritus and to
reduce the number of microorganisms adhering to the
shrimp body (Hameed, 1995). Shrimp larvae were ac-
climated for 2 h and cultured in the same sterilized
seawater (pH 7.8–8.2, 27°C, 35‰ salinity).

The technique of shrimp infection was slightly mod-
ified from that of Muroga et al. (1994) and Hameed
(1995). Briefly, corresponding healthy shrimp larvae at
a density �350 larvae L�1 were infected separately by
immersion for 30 min in 100 mL sterilized seawater
with the corresponding bacterial suspensions (103, 105,
or 107 cfu mL�1 of V. alginolyticus, V. parahaemolyti-
cus, V. harveyi, or V. penaeicida). The control group of
shrimp larvae substages was immersed in sterilized
seawater for 30 min. After infection, shrimp larvae
were washed two times with sterilized seawater, indi-
vidually counted using a sterilized Pasteur pipette (vi-
sual count), and reared separately in 0.5-L glass bot-
tles at a density of 100 larvae L�1.

Each bacterial and control treatment was evaluated
in four replicates (n � 4). Shrimp larvae were moni-
tored for 48 h and fed a standard amount of microalgae
and Artemia. After 48 h, the survival rate (%) was
evaluated as: (final number of organisms/initial num-
ber of organisms) � 100 (Ricque et al., 1998). Shrimp
survival evaluations were performed with two consec-
utive nauplii batches; the first batch was used to eval-
uate nauplii, protozoea II, and myses I and III and the
second batch was used for protozoea I and III, mysis II,
and postlarvae 1. TCBS agar was used for evaluation of
the Vibrio count in the seawater of shrimp culture and
corresponding larval substages.

Microalgae Culture and Artemia Production

Chaetoceros muelleri CCMP 1316 (Center of Culture
of Marine Phytoplankton, USA) and Tetraselmis sue-
cica Kylin (Microbiology Laboratory, Santiago Compos-
tela University, Spain) were obtained from the microal-
gae culture collection of our institute. These strains
were used as the main food for protozoea I–III and
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cultured under standard conditions in 1-L flasks with
sterile f/2-Si growth medium at 18 to 23°C, pH 7.8–8.2,
35‰ salinity with continuous aeration (López and Vol-
toline, 1993).

Artemia nauplii were obtained from commercial Ar-
temia cysts (Microfeast; Microfeast Products, Barts-
ville, OK). This was used as the main food for mysis I
to postlarvae 1 and was cultured by standard methods
(Browne and Sorgeloos, 1991).

Statistical Analysis

The mortality effects of bacteria (dose and species)
were analyzed for each larval substage and postlarvae
with Barlett’s variance homogeneity test, Duncan’s
analysis of variance, multiple range test, and correla-
tion analysis using STATISTICA PC software (1995).
The four replicate values were considered a statistical
sample. The block distribution effect on treatments
and their replicates was analyzed by the same meth-
ods.

RESULTS AND DISCUSSION

Shrimp body opaqueness, necroses, lethargy, and
body malformations were observed in surviving larvae
and postlarvae infected with V. harveyi, V. parahaemo-
lyticus, and V. penaeicida. Similar symptoms have
been reported in other shrimp species (Muroga et al.,
1994; Karunasagar et al., 1994; Hameed, 1995; Robert-
son et al., 1998). However, these symptoms were not
quantified with our bioassay.

Significantly (P � 0.01) low survival rates were ob-
tained at shrimp larval substages from nauplii to my-
sis III when infected with V. penaeicida at concentra-
tions of 103 and 105 cfu mL�1, compared with their
corresponding control groups (Table 1). At the same
doses, low mortality rates were registered in postlar-
vae I (Table 1). All the shrimp larval substages infected

with V. penaeicida at a concentration of 107 cfu mL�1

had significantly higher mortality rates (P � 0.00007
to 0.0002) than the corresponding shrimp larval sub-
stage in the control groups (Table 1). This is the first
report of the effect of V. penaeicida, which is a shrimp
pathogen not yet previously reported in America, on L.
vannamei larvae. It caused mass mortality to all larval
substages, while V. harveyi and V. parahaemolyticus
caused moderate mortality. A similar effect was ob-
served by Muroga et al. (1994) and Hameed (1995).
Goarant et al. (1998) found no significant mortality of
P. stylirostris postlarvae to V. penaeicida (strain AM
101) infection until stage PL9, which corresponds to
postlarvae with a definitive rostral formula. They sug-
gested that postlarval susceptibility was acquired by
metamorphosis in the last postlarval stage. However,
we showed that L. vannamei sensitivity to V. penaei-
cida, strain KH-1, is dependent on the bacterial doses
and the shrimp development stage. This sensitivity has
been found in L. vannamei juveniles (data not shown).
Those studies suggested a different and specific sensi-
tivity to Vibrio that depended on the shrimp species
and the geographic origin of the bacterial isolates,
which probably relates to some shrimp cell receptors or
the specific pathogenicity of Vibrio isolates.

No significant (P � 0.01) differences in the survival
rate of the different larvae and postlarvae American
white shrimp substages were observed after exposure
to V. alginolyticus, as compared to the shrimp control
groups, even at concentrations of 107 cfu mL�1 (Table
1). Shrimp substages myses II–III and postlarvae 1
exposed to 105 cfu mL�1 showed better survival than
corresponding shrimp control groups, but the differ-
ence was not statistically significant (P � 0.01) (Table
1). Some V. alginolyticus strains are reported from a
probiotic (Austin et al., 1995; Vandenberghe et al.,
1998) to a pathogenic agent to shrimp (Lightner, 1996;
Lee et al., 1996). The specific mechanisms by which V.

TABLE 1
Survival Rate of Shrimp Larvae Substages of L. vannamei Exposed to Different Doses (cfu mL�1) of V. alginolyticus,

V. harveyi, V. parahaemolyticus, and V. penaeicida (mean � SD)

Strains Nauplii Protozoea I Protozoea II Protozoea III Mysis I Mysis II Mysis III Postlarve 1

Control 76.0 � 11.0 87.5 � 14.8 84.5 � 16.6 77.7 � 13.1 73.3 � 8.9 78.9 � 9.7 77.1 � 10.3 92.6 � 7.3
V. alginolyticus 103 72.4 � 20.7 75.6 � 21.9 77.3 � 18.9 67.7 � 7.4 69.8 � 8.9 78.9 � 5.2 77.8 � 11.3 84.0 � 15.0

105 58.8 � 20.6 75.5 � 8.5 69.1 � 17.0 72.2 � 5.1 67.9 � 14.0 83.8 � 5.7 82.9 � 11.8 97.0 � 3.6
107 62.2 � 11.6 57.4 � 15.9 58.9 � 3.9 59.0 � 10.8 61.7 � 21.7 57.2 � 12.4 78.4 � 19.2 87.7 � 12.0

V. parahaemolyticus 103 64.1 � 3.7 74.6 � 14.5 59.0 � 6.7 61.5 � 14.3 48.1 � 13.9 63.0 � 8.1 66.8 � 16.8 92.6 � 7.3
105 33.3 � 2.2 51.6 � 7.9 43.4 � 12.4 36.0 � 1.5 30.6 � 13.1 56.3 � 5.7 45.6 � 5.2 69.2 � 12.2
107 20.9 � 6.2 34.3 � 7.3 17.8 � 9.2 24.3 � 7.4 4.9 � 1.9 34.4 � 9.1 28.8 � 11.0 54.0 � 11.5

V. harveyi 103 46.3 � 15.4 75.5 � 12.6 63.5 � 10.1 53.0 � 15.3 72.2 � 17.3 65.2 � 9.5 71.2 � 9.4 80.8 � 11.3
105 28.1 � 12.2 60.7 � 3.9 48.4 � 9.4 47.5 � 7.0 20.6 � 18.6 57.0 � 3.6 49.8 � 11.6 65.0 � 5.7
107 15.3 � 6.6 45.7 � 5.4 32.2 � 7.5 30.4 � 9.6 4.9 � 3.7 36.2 � 4.7 37.1 � 15.0 54.4 � 13.0

V. penaeicida 103 11.1 � 11.1 28.5 � 12.2 24.7 � 6.5 32.7 � 8.8 43.9 � 8.9 46.1 � 10.3 53.0 � 14.2 75.9 � 18.3
105 13.4 � 6.7 13.6 � 11.7 12.2 � 11.0 20.4 � 5.8 25.0 � 2.1 29.3 � 7.7 30.1 � 7.1 72.5 � 8.4
107 16.3 � 1.6 9.3 � 5.8 3.7 � 2.8 4.3 � 3.5 16.1 � 5.5 17.0 � 11.6 9.2 � 7.0 11.3 � 10.9
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alginolyticus or V. penaeicida show a broad virulence
variation to different shrimp species and developmen-
tal stages is unknown.

There were no significant differences (P � 0.100 to
0.143) in the survival rates of larval substages from
nauplii to protozoea III infected with V. parahaemolyti-
cus at a dose of 103 cfu mL�1 (Table 1). However, when
concentrations were increased to 105 and 107 cfu mL�1,
there were significant differences (P � 0.01) compared
to the corresponding control groups (Table 1). Mysis I
had the lowest survival rate when infected with V.
parahaemolyticus at all concentrations, with the high-
est mortality rate at 107 cfu mL�1. Only shrimp larvae
substages from mysis II to postlarvae 1 infected with V.
parahaemolyticus at 107 cfu mL�1 showed a significant
mortality rate (P � 0.01) compared to the control group
and other infection doses (Table 1).

Nauplii infected with V. harveyi showed a signifi-
cantly lower survival rate than the control group (Ta-
ble 1), where nauplii mortality was lower at 103 cfu
mL�1 than at other infection doses. Contrary to the
lower dose, doses of 105 to 107 cfu mL�1 induced signif-
icant mortality rates (P � 0.01) of shrimp larvae sub-
stages protozoea I to postlarvae I, compared to the
survival rates in the corresponding control groups (Ta-
ble 1). V. harveyi and V. parahaemolyticus showed high
mortality rates for all shrimp larval substages at 105

and 107 cfu mL�1, with the highest mortality rate at 107

cfu mL�1. Nauplii to protozoea III showed greater sus-
ceptibility to these pathogens, compared to mysis I to
postlarvae 1. Prayitno and Latchford (1995) and Van-
denberghe et al. (1998) found that V. harveyi caused
significant mortality in P. monodon and P. indicus
larvae and P. chinensis protozoea at 103 and 104 cfu
mL�1, respectively. Karunasagar et al. (1994) showed a
significant mortality of P. monodon larvae when a
chloramphenicol- and erythromycin-resistant V. har-
veyi strain was used (103 cfu mL�1), compared to its
corresponding wild strain (105 cfu mL�1). Robertson et
al. (1998) reported that infection of P. vannamei larvae
with V. harveyi at 105 cfu mL�1 produced a larval
disease called bolitas negricans (a local name from
Ecuador) and bioluminescence. Alapide and Dureza
(1997) suggested that V. harveyi and V. parahaemolyti-
cus were responsible for the red disease syndrome in P.
monodon juveniles when they were presented at dose
levels of 105 to 107 cfu mL�1.

Vandenberghe et al. (1998) detected a massive V.
harveyi colonization on the feeding appendages and
foregut of P. chinensis larvae, suggesting an oral infec-
tion route. Lightner (1996) described a similar route for
Vibrio species. This route is possible for protozoea,
myses, and postlarvae because their food source is ex-
ternal. Nauplii feed on the yolk reserve and oral infec-
tion is not possible. Shrimp nauplii were affected by V.
harveyi, V. parahaemolyticus, and V. penaeicida at con-
centrations of 105 and 107 cfu mL�1, where the agents

penetrate into the shrimp body through lesions or dur-
ing shrimp larvae metamorphosis (Le Moullac et al.,
1997; Smith, 2000) or as an extracellular virulence
factor that may be participating in the infection pro-
cess (Muroga et al., 1994; Sudheesh and Xu, 2001). The
mode of transmission of this infection will be the sub-
ject of future study.

Larval substages from nauplii to mysis III infected
with V. alginolyticus, V. harveyi, or V. parahaemolyti-
cus at 103 cfu mL�1 showed significantly (P � 0.01)
higher survival rates than the same substages infected
with V. penaeicida (Table 1). There was no significant
effect (P � 0.05) in survival rate for all shrimp sub-
stages exposed to 105 and 107 cfu mL�1 of V. alginolyti-
cus, compared to the corresponding control groups.
However, the homologous larval and postlarval sub-
stages showed significantly lower survival rates (P �
0.05) when infected with V. parahaemolyticus, V. har-
veyi, and V. penaeicida (Table 1). Lower survival rates
were observed in shrimp infected with V. penaeicida
and, to a lesser extent, in the corresponding shrimp
stages infected with V. harveyi and V. parahaemolyti-
cus (Table 1). Survival rates of all shrimp larval sub-
stages infected with V. harveyi at concentrations of 105

and 107 cfu mL�1 were similar to those observed in
various shrimp larval substages infected with V. para-
haemolyticus at similar cell concentrations (Table 1).
The data show that early larval substages had sensi-
tivity higher than that of more advanced larval sub-
stages and that bacterial species, dosage, geographic
origin of bacterial isolates, and method of sampling
were also factors in larval survival.
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