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ABSTRACT: Following increasing calls for environmental safety over the past 2 decades, persistent
pesticides are being replaced by more rapidly degradable products. However, even these pesticides
can affect non-target species, and may be associated with slow growth and increased susceptibility
to viral and bacterial infections. In this study, juvenile white shrimp Litopenaeus vannamei (also
named Penaeus vannamei) were challenged by intramuscular injection with Vibrio parahaemolyticus
after 4 d prior exposure to methyl parathion in feed pellets at 0.080 ug g~!. The bacterial injection con-
trol group consisted of shrimp fed pellets containing the methyl parathion-carrier solvent acetonitrile.
Three additional control groups comprised 2 sterile saline-injection groups fed pellets containing
methyl parathion or acetonitrile prior to injection, and 1 uninjected group fed normal pellets. Cumu-
lative mortalities were recorded on the 4th and 8th days, and the presence of histological lesions was
recorded on the 8th day. Cumulative mortalities were significantly higher in the group exposed to
methyl parathion and bacteria on Day 8. Histological lesions, typical of vibriosis, were significantly
associated with the injection of V. parahaemolyticus. The study provides strong experimental

evidence that prior exposure to methyl parathion can increase the severity of Vibrio infections.
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INTRODUCTION

Itis generally accepted that many diseases in aquatic
organisms result from a combination of stressors and
infectious agents. Inappropriate nutrition, treatments,
handling and other environmental factors are known
to be sources of stress (Sniesko 1974). Le Moullac et al.
(1998) showed that severe hypoxia (1 mg O, ml?)
increased the number of mortalities in Litopenaeus
stylirostris (also named Penaeus stylirostris) after Vib-
rio sp. injection. It has also been reported that pollu-
tants such as heavy metals can alter normal limb
regeneration and moulting in crustaceans (Weiss et al.
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1992), and that copper induced avoidance reactions
and changes in feeding and mating in the common
shore crab Carcinus maenas (Hebel et al. 1997). Couch
& Courtney (1977) showed that low-level natural infec-
tions of Baculovirus penaei in Farfantopenaeus duo-
rarum (also named P. duorarum) increased in intensity
compared with controls upon exposure to 1 to 3 ppb of
polychlorinated biphenols for 10 to 25 d.

Coastal waters are exposed to pollution from a vari-
ety of sources, including sewage effluents, industrial
discharges, run-off from agricultural activity and aqua-
cultural wastes. Agricultural fertilisers, fungicides and
organophosphorous and organochlorine pesticides are
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all common pollutants of coastal water (Paez-Osuna et
al. 1998). The ‘new generation’ of organophosphorous
insecticides are extensively used in tropical agricul-
ture. Investigations into agrochemical usage in Central
America and Mexico revealed that the organophos-
phorous pesticides malathion, parathion, monocro-
tophos and clorpyrifos ranked among those most com-
monly used in the region (Mee et al. 1991). In addition,
investigations into the distribution of some of these
highly toxic compounds in the coastal areas of Central
America and Mexico have revealed that they have the
potential to negatively impact sensitive tropical marine
ecosystems (Readman et al. 1992). Pesticide measure-
ments in Ohuira Bay on the coast of Sinaloa, Mexico
also revealed the presence of restricted and illegal pes-
ticides (aldrin, endrin, methyl parathion, DDT and lin-
dane) in sufficiently high concentrations to cause phys-
iological and biochemical damage to shrimp and other
animals (Galindo-Reyes et al. 1999). Thus, coastal pol-
lution is a problem in Mexico and other areas of the
world, and there is a legitimate concern about the
direct and indirect effects on non-target organisms,
including wild and cultured shrimp.

Vibrio species are ubiquitous in marine and brackish
water ecosystems throughout the world (Lightner
1996, Vandenberghe et al. 1999), and infections with
Vibrio spp. (vibriosis) are probably the most common,
if not the most damaging, form of disease in cultured
shrimp (Chanratchakool et al. 1998, Lavilla-Pitogo et
al. 1998, Sudheesh & Xu 2001). A combination of pol-
lutants with infectious agents has been suggested, but
not proven, as one of the potentially harmful indirect
effects of pollution (Mallins & Ostrander 1991). The
main aim of this study was to evaluate the interaction
between oral exposure to an organophosphate pesti-
cide and the development of vibriosis following injec-
tion challenge with V. parahaemolyticus in the white
shrimp Litopenaeus vannameli.

MATERIALS AND METHODS

Shrimp. White shrimp Litopenaeus vannamei juve-
niles were obtained from a commercial farm in the
state of Sinaloa, Mexico. They arrived at the centre
facilities 3 wk before the start of the trials with a mean
weight of 0.8 g (SD + 0.2), and were kept in re-
circulating 500 1 round black PVC tanks (Rotoplas).
Water was maintained at 26 + 2°C and 35%.. The
shrimp were fed once a day ad libitum on a commercial
diet (Cenzone, Aquature—40 % proteins, 3.5% lipids,
3.0% fibres, 16.0% ash, and 12.0 % water).

Experimental system. A static system consisting of
25 x 10 1 glass tanks was used for the experiments.
Each tank was individually aerated and water condi-

tions were maintained at a temperature of 25.4 + 0.3°C,
35%o salinity and pH 7.2 + 0.05. From the time the
shrimp were introduced to the system, a 90% water
exchange was done daily by siphoning the water out
and then refilling the tank with clean seawater. Aera-
tion occurred through a glass pipette connected by an
air hose to a 1 HP air blower (Siemens).

Vibrio parahaemolyticus isolate and inoculum.
V. parahaemolyticus Strain HL57 (=CAIM 170) of
CIAD's collection of microorganisms important to
aquaculture was originally isolated from the haemo-
lymph of a diseased juvenile shrimp Litopenaeus van-
namei sampled from a farm in the state of Sinaloa,
Mexico during a vibriosis outbreak in 1994. The iso-
late had previously been identified as V. parahaemo-
lyticus using phenotypic methods (BIOLOG GN2,
Biolog). HL57 was preserved in Protect Bacterial Pre-
servers (Technical Service Consultant) at —70°C and
resuscitated in 10 ml TSB (Tryptone Soya Broth, Difco
Laboratories) with 2% added sodium chloride (NaCl)
at 30°C for 24 h. The cells were then washed by cen-
trifugation (Biofuge, Primo R) 3 times at 8000 x g,
10°C, for 10 min. Bacterial density was adjusted using
a spectrophotometer (610 nm; HACH DR 2010 USA)
and existing standard curves for bacterial concentra-
tion against optical density at 30°C. The resulting
bacterial pellet was suspended in sterile saline solu-
tion (2.5% NaCl), and brought to a final density of
10° colony forming units (CFU) ml™' for injection into
the shrimp. The estimated density was confirmed by
plate counts on TCBS (thiosulphate citrate bile salt)
agar (Bioxon).

Preparation of feed. Acetonitrile (OMNISOLV
AXO142-1, EM Science) was used to dissolve the
methyl parathion (TECKEM, technical grade, 93 %
purity) for addition to normal commercial feed pellets.
Feed without methyl parathion but with acetonitrile
was prepared to control for the effect of acetonitrile.
Feed was stored in closed opaque glass containers at
—20°C until it was used.

Experimental procedure. The shrimp were acclima-
tised for 1 d then starved for 2 d before the beginning
of the experiment. There were 5 experimental treat-
ment groups, each with 5 replicates and 10 ind. per
replicate. In the test group, shrimp were fed pellets
containing methyl parathion prior to challenge with
Vibrio parahaemolyticus (MPAR/V). The bacterial
injection control group comprised shrimp fed with
pellets containing acetonitrile (the solvent for methyl
parathion) prior to challenge (V). Three additional con-
trol groups comprised 2 sterile saline injection groups
fed pellets containing methyl parathion (MPAR) or
acetonitrile (A) and 1 group fed untreated pellets (C).
Shrimp fed the pesticide received 1 pellet containing
0.08 ng methyl parathion g! in the morning and 1
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untreated pellet in the evening for 4 d. The individual
pellets weighed 6.7 + 1.0 mg.

Faeces and uneaten pellets were removed by
exchanging the water in the tanks 30 min after feed-
ing. From the 5th day onward, all shrimp were fed
uncontaminated food. On the 5th day, 4 of the treat-
ment groups were injected. In groups MPAR/V and V
each shrimp was injected with 20 pl HL57 suspension
(3.39 x 10° CFU ml™!), while in treatments MPAR and
A, they were injected with 20 pl sterile saline. Mortali-
ties were recorded daily and surviving shrimp were
sampled for histology on Day 8 by fixation in David-
son's fixative, and processed according to Bell & Light-
ner (1988). Two 5 pm tissue sections from each shrimp
were stained with haematoxylin and eosin (H&E).

Analysis. Due to non-normal distribution of data, the
associations between treatments and cumulative
mortalities were examined with the non-parametric
Kruskal-Wallis 1-way ANOVA on ranks with Dunn's
post-hoc comparison (SigmaStat for Windows 3.0°,
1992-2003, SPSS). The cumulative mortalities over the
first 4 d of the experiment (shrimp in the MPAR and the
MPAR/V treatments receiving methyl parathion) and
the cumulative mortalities for Days 5 and 6 (after injec-
tion) were compared among treatments in separate
analyses.

In order to allow statistical analysis of the histological
findings, the interpretation of the slides had to be con-
verted to a numeric form. Two slides were prepared
per shrimp and the presence or absence of a variety of
lesions was recorded as single dichotomous variables,
i.e. 1 if the lesion was present in either slide or O if it
was not observed. In some cases, the organ was not
present in either of the slides and in these cases the
shrimp were removed from the analysis.

The presence or absence of the following lesions was
recorded: in the hepatopancreas, haemocytic inflam-
mation, haemocytic nodules and tubular atrophy; in
the muscle, necrosis, haemocytic inflammation and

hyaline necrosis; and in the lymphoid organ, haemo-
cytic nodules.

In order to quantify the association of each treatment
with each lesion, the prevalence of a lesion within the
treated group (the number of shrimp with and without
lesions from all the replicates of the treatment) was
compared with the prevalence in the rest of the sam-
pled shrimp. The analysis used to evaluate the associa-
tion was a relative risk analysis (or relative risk in
exposed animals). This compared the ratio of the
prevalence in the shrimp exposed to a treatment with
the prevalence in the shrimp not exposed to the treat-
ment. This analysis was conducted with Epi-Info 2000
software (Centers for Disease Control and Prevention
[CDC]) that produced a point estimate of the relative
risk (RR), 95% confidence intervals (CI) and an esti-
mate of statistical significance (p). A relative risk
greater than 1, with confidence intervals that did not
pass through 1, indicated a risk factor (Smith 1995).
That is, a relative risk of 2 would suggest that the
lesion was twice as likely to be observed in the shrimp
from that treatment compared with the other shrimp.
The risk factor was taken to be statistically significant
if p is <0.05.

RESULTS

From the first day of feeding, some shrimp fed with
the pesticide showed whitening of the abdominal
muscle, erratic swimming and swimming in circles.

Mortality

Daily mortalities are summarised in Table 1. During
the first 4 d of the experiment prior to injection chal-
lenge, mortalities occurred only in the shrimp groups

Table 1. Daily mortalities of Litopenaeus vannamei (mean + SD) for the 5 treatments from the start of experiment feeding pellets

containing methyl parathion. The total number of dead shrimp from the 5 replicate tanks is shown in parentheses above daily

mortalities. MPAR/V: methyl parathion and Vibrio parahaemolyticus; MPAR: methyl parathion; V: V. parahaemolyticus;
A: acetonitrile control; C: normal pellet control

Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Cumulative
(injection) mortality
MPAR/V (1) 0 (1) 0 (16) (2) 20 (40 %)
0.02 = 0.04 0.02 = 0.04 0.32+0.24 0.04 £ 0.05
MPAR (1) (1) (1) (1) 0 0 4 (8%)
0.02 = 0.04 0.02 £ 0.04 0.02 = 0.04 0.02 £ 0.04
A% 0 0 0 0 5) (1) 6 (15%)
0.1 +0.07 0.02 £ 0.04
AandC 0 0 0 0 0 0 0
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fed pellets containing methyl parathion. No mortality
occurred in any of the other groups. Mortalities
occurred 1 to 2 h after feeding, and did not exceed
1 ind. d"!in any of the 5 replicates.

After injection challenge on Day 5, mortalities
occurred only in the groups injected with Vibrio para-
haemolyticus. There was no mortality in any of the
other groups. Mortalities did not begin until 8 h post-
injection, were highest on the day of injection, and
continued on the following day. For the remaining 2 d
of the test, there was no mortality in any of the groups.
On the day of bacterial injection (Day 5), 5 shrimp died
in the group injected with V. parahaemolyticus and fed
acetonitrile, while 16 died in the group fed methyl
parathion. There was no significant association
between treatment and cumulative mortalities on
Day 4 (H = 6.878, df = 4, p = 0.142). The cumulative
mortalities for Days 5 and 6 in the MPAR/V treatment
were significantly higher than the other treatments
(H=20.603, df =4, p <0.001).

Histopathological analysis

The results of the analyses are presented in Table 2.
There was a significant association between injection
of Vibrio parahaemolyticus and haemocytic nodule for-
mation in the hepatopancreas and lymphoid organ (i.e.
in the MPAR/V and V groups). There were also signif-
icant associations between V. parahaemolyticus injec-

tion and hyaline muscle necrosis and haemocytic
inflammation in muscle (V group only). Tubular atro-
phy of the hepatopancreas was frequently associated
with a lack, or low numbers, of vacuoles in R-cells;
however, this proved difficult to quantify.

DISCUSSION

The most common route for experimental exposure
to pesticides for aquatic animals is through water (Vogt
1987, Day & Scott 1990, Srinivasulu et al. 1990, Srini-
vasulu & Ramana-Rao 1991, Betancourt-Lozano 1999).
At the time of writing there was only one study that
explicitly exposed aquatic animals through the oral
route to organophosphate pesticides. We considered
oral administration of methyl parathion as the most
appropriate exposure because Litopenaeus vannamei
predominantly feeds off the benthos, and because
methyl parathion is relatively insoluble in water
(Badawy & E1-Dib 1984, Hertel 1993), apparently bind-
ing to organic matter. The dosages applied (0.08 png
methyl parathion g~! d™!) were also realistic since they
were consistent with those found by Galindo-Reyes et
al. (1999) in the sediments from a coastal lagoon off the
Gulf of California, where concentrations of methyl
parathion in sediments were as high as 98.68 ng g,
while those in the water did not exceed 4.04 ng ml ™.

The whitening of muscle and abnormal swimming
behaviour we observed were only associated with

Table 2. Litopenaeus vannamei. Prevalance of lesions: results of relative risk analysis to detect associations between treatments

and histopathological lesions. Results in bold indicate associations (CIs that do not pass through 1). One of the associations was

not statistically significant (p < 0.05). RR: relative risk; CI: 95 % confidence interval; ND: not detected; MPAR/V: methyl parathion

and Vibrio parahaemolyticus; MPAR: methyl parathion; V: V. parahaemolyticus; A: acetonitrile; C: control. *Treatment was
associated with pathology but the relationship was not statistically significant

Haemocytic Tubular Haemocytic Muscle Haemocytic Hyaline Haemocytic
inflammation atrophy nodules necrosis inflammation necrosis nodules
hepatopancreas hepatopancreas hepatopancreas muscle muscle lymphoid organ
MPAR/V
RR 1.40 0.87 3.71 1.14 1.00 2.02 2.02
CI 0.80-2.46 0.64-1.19 1.63-8.46 0.86-1.52 0.78-1.27 1.10-3.69 1.50-2.72
P 0.37 0.49 0.0044 0.53 0.81 0.057* 0.00023
MPAR
RR 1.44 1.03 0.92 0.82 0.15 0.65
CI 0.87-2.38 0.824-1.289 ND 0.69-1.22 0.35-1.87 0.039-0.63 0.41-1.04
P 0.23 0.96 0.709 0.79 1.000 0.081
v
RR 0.82 1.09 3.4 1.14 1.26 4.74 1.8
CI 0.45-1.49 0.87-1.36 1.45-7.94 0.88-1.472 1.07-1.49 2.59-8.68 1.27-2.44
P 0.65 0.59 0.0082 0.43 0.0156 0.0000014 0.0033
Aand C
RR 0.55 0.97 0.74 0.813 0.28
CI 0.266-1.12 0.76-1.24 ND 0.54-0.98 0.63-1.01 ND 0.13-0.59
P 0.115 1.0000 0.85 0.11 1.0000
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exposure to methlyparathion. This could have resulted
from an accumulation of lactic acid through inhibition
of aerobic metabolism (Reddy & Rao 1986, 1988,
Betancourt-Lozano 1999). It might also have resulted
from organophosphorous inhibition of acethylcho-
linesterase activity (AChE) (Srinivasulu et al. 1990,
Hertel 1993, Lundebye et al. 1997). The normal func-
tion of AchE is to remove the neurotransmitter acetyl-
choline, liberated at the cholinergic nerve endings in
response to nervous stimuli (Peakall 1992, Hertel
1993). The inhibition of AchE causes an accumulation
of acetylcholine at the nerve synapses and disruption
of the nerve function, leading to irregular muscle
contraction and other disturbances.

Tubular atrophy of the hepatopancreas and low
levels of vacuolation in the R-cells were observed in
all treatments, and this is indicative of poor nutritional
status. The R-cells absorb soluble nutrients from the
lumen of the gut and store lipid and glycogen in vac-
uoles (Al-Mohanna & Nott 1987, 1989), so the absence
or depletion of vacuoles indicates poor nutrition. In our
trials, only 2 pellets of 0.008 (+0.002) g were provided
each day, and this represented only 2.2 % of the body
weight. By contrast, the normal feeding rate for juve-
nile shrimp varies between 6 and 10 % d~!. This could
explain the tubular atrophy, even in the absence of
bacterial challenge.

A low number of mortalities occurred from exposure
to methyl parathion alone during the 4 d period, prior
to injection of Vibrio parahaemolyticus. After injection,
mortalities were significantly higher in the group fed
methyl parathion than in the group without. Prior
exposure to methyl parathion increased mortality upon
bacterial challenge. Histological analysis of the dead
shrimp was not possible since shrimp that have been
dead for even a short time are of very little value for
detailed histopathological or bacteriological analyses
(Mohan et al. 2002). However, survivors from the chal-
lenge provided some useful information.

In the surviving shrimp, no histopathological
changes were significantly associated with oral expo-
sure to methyl parathion. However, other studies have
demonstrated histopathological changes in association
with environmental pollution. Vogt (1987) described
disorganisation of the hepatopancreas, detachment of
cells from the basal laminae, a lack of lipid reserves,
and many autolysed cells in Penaeus monodon after
exposure to dimethoate. Rao & Doughtie (1984) ex-
posed grass shrimp Metapenaeus monoceros to toxi-
cants, including dithiocarbamates, and reported mid-
gut epithelial hypertrophy, cytoplasmic vacuolisation
and reduction of basal tubular endoplasmatic reticu-
lum, as well as abnormal mitosis. We observed neither
mid-gut hypertrophy nor cytoplasmic vacuolation,
despite the presence of mortalities in the methyl

parathion-exposed groups. It is possible that lesions
did occur during the 4 d of methyl parathion exposure,
but that they were sufficiently mild to be resolved by
the time of assay on Day 8. It is also possible that the
duration of exposure was insufficient to produce
histopathological changes and, as the analysis would
suggest, the mortalities prior to injection were random
events not associated with exposure to methyl
parathion.

The results presented here demonstrate that pesti-
cides can combine with infectious agents to increase
the risk of disease in non-target species. The model
system developed and used here reproduced mortali-
ties and pathology associated with vibriosis.
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