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Microbes play crucial role in aquaculture systems. In the present study, screening
of the bacterial communities of Aeromonas sp., Vibrio sp., Staphylococcus sp., E. coli sp.
and Salmonella sp. associated with shrimp, bivalves and sea cucumber revealed that
Aeromonas sp. was the dominant pathogen in shrimp representing 6.33% and 11.25% of
the total heterotrophic bacteria associated with shrimp surface and body, respectively.
Antibacterial activity of different extracts of the invertebrate bodies and chitosan in
addition to eleven attached bacterial isolates were tested. The marine bacterial isolate
which was identified as Vibrio alginolyticus by using 16S rDNA sequence analysis, was
superior in its antibacterial activity, recording the highest activity unit of 10.24 * 3.15
AU against A. hydrophila. The impact of probiotic V. alginolyticus S10 in improving the
water quality of A. hydrophila infected Marsupenaeus japonicus culture was
investigated. The histopathological study of M. japonicus tissues showed limited tissue
damages observed in treatments using probiotic bacteria. Three stages of infection have
been defined in infected hepatopancreas according to vacuolation, and hemolytic
aggregation while intensity of infections in muscle and heart tissues was determined
according to bacterial doses and hemolytic aggregation.

Key word: Vibrio alginolyticus S10, Aeromonas sp., Antibacterial, Probiotic,
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The shrimp farming becames a highly
competitiveand profitable farming practicein many
countries worldwide!. In Egypt, Marsupenaeus
japonicus composes much of the prawn catch off
the Egyptian Mediterranean coast and in the Nile
delta lagoons. It is considered one of the most
economically important members of the family
Penaeidae?. Globally, its greatest importance
in aquaculture has been arisen since 2003 as the
annual catch value has been exceeded $200
million®. On the other hand, the observed rapid
expansion programs of shrimp culture worldwide
are hindered by diseases affecting production; and
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outbreaks of diseases causing major problemsin
many countries®.

Diseases have been considered as one of
the major constraints to shrimp farming
development?. In the past decades, the shrimp
farming has serious problems dueto somebacterial,
fungal, viral and protozoal diseases®® leading to
huge economic lossesasaresult of sever mortality
and production rate decline®’. Among the
significant disease agents of shrimp culture,
bacterial diseases are the most popular in terms of
severity and impact”8. The most common bacterial
diseases in shrimp aguaculture were known as
Septicemia, and Vibriosis, which were caused by
Aeromonas sp.°, and Vibrio sp.%1° respectively,
and indirectly affected the shrimps’ health through
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worsen the water quality!*. With regard to
aeromonads, they are the major pathogens in the
fisheries sector inflicting serious damagein pond
and aquarium cultures'?®, Therefore, perpetual
need for new chemotherapeutants is needed to
combat new diseases and drug-resistant
pathogens that are becoming a significant threat
not only for aquaculture but also for the public
health?314,

In aquaculture, treatment with
disinfectantsand antimicrobial drugsisacommon
approach to control diseases, however, it has
limited successin the prevention or cure of aquatic
diseases due to increasing virulence of
pathogens®. However, the use of probiotic
biocontrol agents instead of antibiotics becomes
from the major concerns to improve disease
resistance, water quality and/or growth in aquatic
systems!'®8, Probiotic microorganismsmay release
chemical substances such as antibiotics,
bacteriocins, siderophores, lysozymes and
proteases that affect on other microbial
populations'%; they do so by inhibition of the
colonization of potential pathogens, alteration of
the microbial metabolism, alteration of pH values
by organic acids production and/or stimulation of
the host immunity. In addition, probiotics may
stimulate appetite and improve nutrition by the
production of vitamins or detoxification of
compounds in the diet™.

Asmarinebiodiversity richness assumes
a great opportunity for the discovery of new
bioactive compounds, approximately 6,500
bi oactive compounds have been isolated from the
marine organisms'®. Within the scope of the
bioactive compounds, chitin and chitosan are
unique and typical marine polysaccharideswaiting
for future development and have been attracted
the interest of many researchers from various
disciplines. Chitin is the second most important
natural polymer in the world. It lacks of toxicity
and allergenicity, its biocompatibility,
biodegradability and bioactivity make it a very
attractive substance for diverse applications as a
biomaterial in the pharmaceutical and medical
fields®. Moreover, it was stated that antibacterial
activity of chitosan is effective in inhibiting
bacterial growth?'. Theantimicrobial properties of
chitosan depend on its molecular weight and the
type of bacterium.
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The present study was proposed to (i)
address the occurrence of associated bacterial
pathogens in some invertebrates, (ii) asses the
potentiality of the attached bacteria and some
invertebrates extracts as antibacterial agents, and
(i) investigate the elimination of A. hydrophilain
M. japonicus culture by using the best isolated
probiotic with detailed histopathological study of
different tissue organs.

MATERIALS AND METHODS

Samplescollection and adaptation

Sea cucumber, bivalves and shrimp were
collected from trawlersin Abu Qir Harbor in West
Alexandria, Egypt, during winter 2012. Fresh
sampleswere packed inicebox and transferred to
National Institute of Oceanography and Fisheries,
Alexandria, Egypt for microbiological studies.

For investigation of probioticsimpact on
pathogenic bacteriain M. japonicus aquarium, live
shrimp sampleswere caught fromAbu Qir (1° 19'
19" N, 30° 3'39" E) , Alexandria. Beforeexamination,
shrimp were maintained in fiberglass tanks and
acclimated to laboratory conditions for a week.
During the acclimation period, shrimpwerefed twice
daily with commercial pellet (40% protein content).
Water of shrimp aquarium was changed daily in
rate of 30%. During the study, water temperature,
pH and dissolved oxygen were daily monitored as
25+1°C, 8-8.5and 5- 5.5 ppm, respectively.
Bacterial isolation and enumeration

One gram of each invertebrate sample
(shrimp, bivalves and sea cucumber) was shaken
in9ml sterile seawater for 30 min, to dissociatethe
adhered bacterial population. The upper layer was
used as the initial dilution for bacteriological
analysis. For estimation of total viablecount (TVC),
Decimal dilutionswere prepared and cultivated on
Zobell agar using pour plate method and incubated
at 30 °C for 24h. For detection and counting the
thermotol erant coliforms (E. coli), the m-FC agar
medium was used and the platesincubated at 44.5°C
for 24 h. Counting of Aeromonas sp. was carried
out on m-Aeromonas-sel ective agar medium with
ampicillin antibiotic supplement (SR 0136).
Mannitol salt agar medium was used for
Saphylococcus sp. detection. Vibrio sp. was
detected using Thiosulphate Citrate Bile Salt
(TCBS) agar while Salmonella sp. was detected
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on Shigella—Salmonella (SS) agar. All plates
incubated at 37 °C for 48h?2. Three replicates for
each sample were used and the final counts were
estimated as colony forming units(mean + SD CFU
g?).
Bioactivecompounds
Bacterial supernatant

Eleven different isolates (S1-S11) of the
bacteriaassociated with shrimp, seacucumber and
bivalves were selected and tested for their
antimicrobial activity against different Gram
positive and Gram negative bacteria. The selected
bacterial isolates were grown in marine nutrient
broth at 30°C for 24 h. The culture broth of each
isolatewas centrifuged at 10000 rpm for 15 minutes
to remove bacterial cells. The inhibition of
pathogenic bacteria by the cell free supernatant
wastested by the agar well-cut diffusion method?.
Extraction from different invertebratebodies

The bioactive compounds from thewhole
body of different invertebrate (shrimp, bivalvesor
sea cucumber) samples were extracted as follow.
Sample of each body (5 g) were homogenized and
extracted with different solvents, 10 volumes (v/
w) of methanol, acetone or hexane. After soaking
for a week, the supernatant of each sample was
collected by centrifugation at 10000 rpm for 15
minutes, then filtered through a 0.2 um millipore
filter and the sterile filtrates were used for the
antimicrobial assay?.
Extraction of chitosan from thecrustacean shell
wastes

Isolation of chitosan from shrimp shell
wastes involves four traditional steps
demineralization, deproteinization, decol orization,
and deacetylation®. The antibacterial activity of
chitosan was tested using well-cut diffusion
technique.
Antimicrobial activity assay
Bacterial indicators

Different Gram negative and Gram positive
bacteria including Escherichia coli,
Saphylococcus aureus ATCC 6538, Sreptococcus
faecalis, Bacillus subtilis, Aeromonas hydrophila,
Pseudomonas aeruginosa ATCC 8739, Vibrio
anguillarum and Vibrio fluvialis were used as
target strains for detecting the antagonistic
properties. Various indicator bacteria were
previously isolated from several marine sources
used in previous studies by the aid of National
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Institute of Oceanography and Fisheries, Egypt.
Thewell-cut diffusion technique

The well-cut diffusion technique was
used to test the ability of the cell free supernatant,
the body extractsand chitosan to inhibit the growth
of theindicator bacteria. Five-millimeter-diameter
wellswere punched in Zobell agar plates (using a
sterile gel puncher) inoculated with bacterial
pathogenic strains. 50 ul of each tested compound
was added in each well. After incubation at 30°C
for 24h, The activity unit (AU), which indicates a
positive result in the antagonistic action, was
calculated according to the following equation:
AU= Y?/X%2.Where, Y is the radius of the clear
zone around the zone and X is the radius of the
well itself 2627, Threereplicateswere used for each
and thefinal valueswere estimated asmean + SD.
Bacterial identification

DNA was isolated, purified using
standard procedures® and theregion of 16SrDNA
was amplified using universal primers. Genotypic
characterization was performed using 16S
sequence analysis. Multiple alignments with
sequences of most closely members and
calculations of levels of sequence similarity were
carried out using Blast program (http://
www.nchi.nlm.nih.gov/blast). Sequences of rRNA
genes, for comparison, were obtained from the
NCBI database. A phylogenetic tree was
reconstructed by Bioedit software.

Probiotic application for elimination of A.
hydrophilafrom M. japonicusculture
Prepar ation of thebacterial suspension’

Bacterial isolate (S10) which exhibiting
the highest antibacterial activity against A.
hydrophila was identified as Vibrio alginolyticus
S10. Vibrio alginolyticus S10 was used as a
probiotic in M. japonicus culture infected by A.
hydrophila.

\Vibrio alginolyticus was precultured in
marine nutrient broth at 30 °C on arotary shaker
incubator until the absorbance of the culture at
A_,=1. The number of Vibrio alginolyticus S10
was estimated by preparing 10-fold serial dilutions
then 0.1 ml from each dilution was inocul ated on
thiosulphate citrate bile agar plates. A. hydrophila
was prepared as described before and enumerated
on m-Aeromonas-sel ective agar plates.

Effect of the probiotic on elimination of A.
hydrophilafrom M. japonicusculture
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About seventy two M. japonicus (Bate,
188) specimenswere used with average weight of
17.55+0.7 g, with no significant size differences
among the treatments. Four treatments were
infected with 10*CFU ml~of bacterial pathogen A.
hydrophila, three of them (1, 2 and 3) weretreated
with probiotic (Mbrio alginolyticus S10) at the
concentrations of 104 10°and 10° CFU ml*,
respectively, while the forth treatment was the
control without probiotic.

Thedensity of Aeromonas sp. associated
withwater wasmonitored daily during experimental
period. Counting was applied by spreading 100 pl
of shrimp culture water over m-Aeromonas agar
medium with ampicillin selective supplement (SR
0136), and incubating at 37°C for 24 h%, Any dead
shrimp was daily recorded and removed.
Histopathological study

Tissues samples from M. japonicus
hepatopancreas, heart, and muscle were examined
ultrastructurally in freshly caught samples, dead
samples of unexplained mortality and in fresh
survived samplesat the end of experimental period.
The shrimp tissueswerefixed in Bouin fixativefor
48 h and transferred to 70% ethyl alcohol. After
processing and hydration of tissues, wax
impregnation was done. The paraffin wax
embedded samples were sectioned, mounted on
dlidesand stained with Myer-bennet haematoxylin
and pheloxin/eosin®,

Satistical analysis

Data analysis was performed with the
software package Microsoft Excel, version 2003.
Datafrom experimental infection analyzed by the
t-test analysis (p < 0.05)%®.

RESULTS AND DISCUSSION

Bacteria are considered among the
economically significant disease agents of shrimp
culturée® resulting in poor water quality and bad
management®L. Bacterial disease of shrimp culture
is the driving factor of ecological balance
breakdown within the culture system. Many of
these bacteriaare normal inhabitants of the marine
environment. Therefore, the present study
screened the occurrence of different bacterial
communities associated with edibleinvertebrates.
Community composition

Therearetwo groups of bacteriarelevant
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to public health that contaminate marine products:
bacterianaturally present in the environment such
as Aeromonas hydrophila, Clostridium
botulinum, Vibrio parahaemolyticus, V. cholerae,
V. vulnificus and Listeria monocytogenes, and
Enterobacteriaceae such as Salmonella sp.,
Shigella sp. and Escherichia coli®.

Bacterial floraattached toinvertebratesurface

The heterotrophs count attached to the
surface of invertebrate samples (shrimp, bivalves
and seacucumber) (Fig. 1 & Table 1) showed that,
thetotal viablecount ranged from 9.0x10%+ 1.0x10°
CFUgtinshrimpto3.6x10°+ 4.0x10°CFU gtinsea
cucumber Almost the surface of the invertebrate
samples harbored high counts of bacteria.
invertebrates surface are more nutritious than
inanimate material and alarge number of marine
bacteria could live on it acquiring necessary
nutrition such as vitamins, polysaccharides and
fatty acids from their hosts®.

In the present study, screening of the
attached Aeromonas sp. Vibrio sp.,
Saphylococcus sp., E. coli sp. and Salmonella
sp. to the surface of invertebrate samples such as
shrimp, bivalves and seacucumber showed varied
counts of pathogenic bacteria. The highest
observed counts of pathogenic bacteria and
occurrence percentageswerefor Aeromonas sp. It
ranged between 5.7x10?+ 9.4x10' CFU gtin shrimp
to 1.7x10%+ 3.2x10? CFU g in seacucumber, with
occurrence percentages 6.33% and 4.72%,
respectively. As wise, it was reported that A.
hydrophila is a major pathogen of aquatic and
terresterial organisms®.

Additionally, the highest counts (1.2x10°
+ 4.0x10? CFU g?') of Saphylococcus sp. was
harbored in sea cucumber with occurrence
percentage of 3.33% while shrimp had the lowest
counts (3.2x10%+ 4.3x10' CFU g*) with occurrence
percentage of 3.56%. With regard to the Vibrio
sp., it was reported that seafood from marine and
estuarine environments is impossible to be free
fromit*. Inthe present study, the Vibrio sp., counts
ranged from 2.0x10? + 6.0x10" in bivalveto 1.0x10?
+ 1.7x10 CFU g in shrimp representing 8.33%
and 2.22% of thetotal viable counts, respectively.

Salmonella sp. exhibited the lowest
occurrence as compared to the other pathogens
and was detected only in shrimp (1.5x10%+ 6.0x10*
CFU g*1) with 1.67% occurrence percentage. The
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Table 1. The occurrence percentages (%) of the different pathogens attached to the surface of shrimp,
bivalves and sea cucumber with respect to the total viable count

Occurrence %
TVC(CFU/g') Aeromonas  Saphylococcus MVibrio  E.coli Salmonella
sp. sp. sp. sp.
Shrimp 9.0 x10° +1.0 X10® 6.33 3.56 222 4.44 1.67
Bivalve 1.2 x10* £ 2.0 X10® 7.75 4.33 8.33 4.00 0.00
Seacucumber 3.6 x10* + 4.0 X10° 4.72 3.33 0.83 0.11 0.00
1.E+04 -

1.E+03 -

1.E+02 -

1.E+01 -

1.E+00 -

Bacterial count (CFU g-1)

Bivalve

Shrimp

M Aeromonas sp.

M Staphylococcus sp
M Vibrio sp.

W Salmonelia sp.

M E.coli

Sea cucumber

Fig. 1. The counts of some pathogens attached to the surface of shrimp, bivalves and sea cucumber

maximum countsof E. coli (4.8x10%+ 2.2x10* CFU
g1 was detected in bivalve with occurrence
percentage of 4% followed by shrimp (4.0x10?+
4.5x10' CFU g?) with occurrence percentage of
4.44% while sea cucumber exhibited the lowest
counts (4.0x10'+ 1.0x10* CFU g?) with 0.11%
occurrence percentage (Fig. 1 and Table 1). Inthis
context, Aeromonas sp. was the highest count
harboring the shrimp surface among other
pathogenic bacterial groups.
Bacterial florawithin body flesh

The presence of pathogenic bacteria in
marine invertebrate such as shrimp causes several
waterborneinfectionsin humansthat areworldwide
concerning issues®. Estimation of the same
pathogenic groups in the body flesh of the tested
invertebrate sampleswas carried out (Figure 2 and
Table 2). The heterotrophs count ranged from 2.0
x10*+8.0x10°* CFU gtinbivalvesto 5.0 x10*+1.2
x10* CFU g in sea cucumber. Counts of
Aeromonas sp. ranged from 5.4 x10% + 1.1x10* CFU
glinshrimpto 2.8x10°+ 6.3x10? CFUg! in bivalve
with occurrence percentages of 11.25% t014.00 %,
respectively. It was reported that Aeromonas and
\Vibrio sp. were found in the shrimp and were
dominant among other bacterial species®.

Regarding Staphylococcus sp., the
highest count 5.7x10°+ 9.3x10? CFU g*! was

recorded in bivalvewhilethelowest count (2.7x10°
+8.1x10% CFU g*) wasnoticed in the seacucumber
with occurrence percentages of 28.5% and 5.4%,
respectively. Generaly, reports on isolation of
staphylococci from shellfish are limited but they
are well recognized as causative agents of food
poisoning and may constitute a serious risk to
human health if present in consumed raw bivalve
molluscs®. Contrary to the present finding, it was
reported the dominance of other bacterial
species such as Aeromonas, Plesiomonas,
Photobacterium, Pseudoalteromonas,
Pseudomonas and Mibrio®.

In addition, the present study revealed
the absence of Salmonella sp. in bivalve samples
as reported by Ripabelli et al. (1999) *®, who
analyzed 62 mollusk samplesfrom theAdriatic Sea
and searching for the presence of verotoxigenic
Vibrio, and E. coli and detected no Salmonella
strains.

Sea cucumber exhibited the highest
counts (3.3x10% £ 6.7x10%> CFU g1) of Mibrio sp.
with occurrence percentage of (6.72%) while the
lowest count (1.2x10%+ 3.0x10' CFU g*) wasfor
shrimp with occurrence percentage of 0.25%.

Absence of E. coli and Salmonella counts
was observed in the tested samples except for
shrimp which harbored 1.0x10%+ 2.0x10? CFU g of
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E. coli with 2.08% and bivalves which contained
1.0x10%+ 3.9x10' CFU g of Salmonellawith 0.5 %
occurrence percentage.
Antimicrobial activity
Thebacterial supernatant

Competition amongst microbesfor space
and nutrients in the marine environment is a
powerful selective force which has led to the
evolution of a variety of effective strategies for
colonizing and growing on surfaces. Thus it is
expected that the antibiotic-producing bacteria
associated with some particular hosts are
proportionally higher than others®. Production of
antimicrobial agents by bacteria associated to
invertebrates was previously documented in
different studies®. It was reported that over 400
strains of surface-associated bacteriafrom various
species of seaweed and invertebrate from
Scoogttish coastal waters were isolated and 35%
of them shown to produce antimicrobial
compounds®. This is a much higher proportion
than freeliving marineisolates. It was al so stated
that the proportion of the active marine bacteria
associated with someinvertebrateswas higher than
those associated with other organisms and the
antagoni stic percentage against different indicator
pathogenic bacteria reached up to 20%. In the
present study, the antagonistic percentage of
associated bacteria against the indicator
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pathogenic bacteria reached more than the
previously reported one. The isolated bacteria
showed varied ranges of antimicrobial spectra,
where 36.4% of theisolates exhibited antibacterial
activity against S. faecalis followed by
antagonistic percentage of 27.3% against V.
fluvialis, A. hydrophila and E.coli , while 18.18%
of theisol ates showed antagonistic activity against
S. aureus and P. aeruginosa, however the lowest
percentage of theisolates (9%) was active against
V. anguillarum. On the other hand there was
absence of antagonistic action against B. subtilis.
Bacterial isolate S10 recorded the highest activity
unit (10.24 + 3.15 AU) against A. hydrophila and
exhibited broad spectra of antimicrobial activity
against P. aeruginosa, S. aureusand E. coli with
activity unitsof 5.76+ 1.74AU,5.76+ 2.78 AU, and
9.00 £ 1.76 AU, respectively (Table 3). It can be
concluded that the highest antagonistic activity
(36.4%) was against Gram positive bacteriawhich
agree with other studies®. This phenomenon
seemed owing to the multidrug efflux systemslay
in the Gram negative bacteria. Lower outer
membrane permeability was also expected to
contribute greatly to intrinsic resistance of Gram
negative bacteria to awide range of antibiotics™.
Thebody extracts

The innate defense mechanisms of
aquatic invertebrates against pathogenic

Table 2. The occurrence percentages (%) of the different pathogens in the body of shrimp,
bivalves and sea cucumber with respect to the total viable count

Occurrence %
TVC(CFU/gY)  Aeromonas  Saphylococcus Vibrio  E. coli Salmonella
sp. sp. sp. sp.
Shrimp 4.8 X10* + 1.7 X10* 11.25 8.33 0.25 2.08 0.00
Bivave 2.0 X10* £ 8.0 X10®*  14.00 28.50 6.00 0.00 0.50
Seacucumber 5.0 X10* +1.2 X10* 8.00 5.40 6.72 0.00 0.00

1.E+04 -

1.E+03 -

1.E+02 -

1.E+01 -

Bacterial count {CFU g-1)

1.E+00 -

Bivalve

Shrimp

M Aeromonas sp.

M Staphylococcus sp.
M Vibrio sp.

M Salmonelia sp.

M E.coli

Sea Cucumber

Fig. 2. The counts of some pathogens in the body of shrimp, bivalves and sea cucumber
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organisms have made them prime candidates for
extraction of microbicidal compounds®. In the
present study, the antibacterial activity of the body
extracts using methanol, acetone and hexane
against the previously mentioned indicator
pathogenic bacteria was tested. The highest
antibacterial activity unit (7.84 £ 1.76 AU) was
recorded for acetone extract of shrimp against V.
anguillarum followed by methanolic extract of
shrimp against A. hydrophila (5.76 £ 1.92 AU). Sea
cucumber also exhibited antimicrobial activity
represented in acetone extract against V. fluvialis
(4.84+ 1.41 AU) and hexane extract against B.
subtilisand A. hydrophila with activity units4.84
+1.84AUand 4.84 + 1.92 AU, respectively, while
there was no activity for the other solvent extracts
(Table 4).The difference in antibacterial activity
found with extracts may be attributed to the
difference in extracting capacity of solvents and
extracted compound®,
Theextracted chitosan

In the present study, chitosan was
effective only against Gram negative bacteria. (V.
anguillarum) with 2.7+0.87 AU (Table 4), whileit
was reported that it has antimicrobial activity
against both Gram positive bacteria (S. aureus)
and Gram negative bacteria (E. coli)®. It was
stated that the antimicrobial activity of chitosanis
described to be associated with molecular weight
degree, acetylation, concentration of chitosan and
bacterial inoculum size*. |t was showed that lower
molecular weight chitosanismore effective against
Gram- negative bacteria, while high molecular
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weight chitosan iseffective against Gram-positive
bacteria®. The present study concluded that the
antibacterial activity of the associated bacterial
isolate (S10) was more effective and exhibited
broader spectraof activity against the tested Gram
negative and Gram positive bacterial pathogensin
comparison to the body extracts of the tested
invertebrates and the chitosan. Thus, the most
potent bacterial isolate (S10) was chosen to
compl ete the study.
Molecular characterization of thepotent bacterial
isolate

Inthe present study, the DNA of the most
effective marine bacterial isolate (S10) exhibited
broad spectra of antimicrobial activity was
extracted. The extracted 16S rRNA gene
(approximately 1500 base pair) wasamplified using
the universal primers. The amplified DNA was
partially sequenced. This sequence was compared
with those which gave the highest homology using
Blast search computer based program. The
resulting dataindicated that theisolate (S10) under
study was identified as Vibrio alginolyticus S10.
The obtained similarity was 98% with session
number KP280001. The phylogenetic relationships
of thisexperimental isolate and the closely related
relatives were analyzed as shown in Figure 3.
Antagonism is considered an important attribute
of aquaculture probionts and is thus widely used
asaselection criterion to select potential probiotic
bacteria®*. V. alginolyticus S10 was subsequently
evaluated for itsbacterial ability to out-compete a
target organism in vitro, and was selected to use

Table 3. Antibacterial activity of the different bacterial isolates against some indicator bacterial pathogens

Antibacterial activity unit (AU) of different bacterial isolates against the pathogens

isolates E. S S B. A P \Y \Y

coli aureus faecalis subtilis hydrophila aeruginosaanguillarum fluvialis
SL 6.76+ 1.73 - - - - - - 9.00+211
Y - - - - - - - 6.76 £1.75
3 - - 7.84 +1.64 - - - - -
A - - 6.76 +2.16 - - - - -
S3) - 9.00+1.20 - - - -
S 3] - - 576 +.95 - - - -
S7 - - - - - - 7.84 +2.86 -
3 - - - - - - - -
S¢) - - - - 6.76 £1.13 6.76 +1.98 - 4.84 +1.64
S10 9.00 +£1.76 5.76 +2.78 - - 10.24 £3.15 576 +1.74 - -
S11 7.84 + 2.58 - 6.76 +1.76 - 576 +2.13 - - -
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Table 4. Antibacterial activity of the body extracts and chitosan against some indicator bacterial pathogens

Extract

Antibacterial activity unit (AU) of body extracts and chitosan against

E. S S B.
coli

A P V. V.

aureus faecalis subtilis hydrophila aeruginosa anguillarum fluvialis

Methanol extract of

Shrimp - - - -
Bivave - - - -
Sea cucumber - - - -

Acetone extract of

Shrimp - - - -
Bivave - - - -
Sea cucumber - - - -

Hexane extract of
Shrimp - - - -
Bivave - - - -
Sea cucumber - - -

Chitosan - - - -

576 +1.92 - - -

7.84+1.76 -

484+ 141

4.84 +1.844.84 + 1.92 - - -

2.7+ 0.87 -

as probiotic in M. japonicus culture. There are
several microbial strains used as probiotics in
aquaculture systems. The common probiotics used
in aquaculture belonging to genus Lactobacillus,
Bacillus, Vibrio, Enterococcus are now used for
oral bacterio-therapy in aquaculture®.
Probiotic application for elimination of A.
hydrophilafrom M. japonicusculture

Shrimp aquaculture, as well as other
industries, constantly requires new techniquesin
order to increase production yield. Modern
technologies and other sciences such as
biotechnol ogy and microbiology areimportant tools

that could lead to a higher quality and greater
quantity of products’®. Probiotics, as‘bio-friendly
agents’ can be introduced into the culture
environment to control and compete with
pathogenic bacteria as well as to promote the
growth of the cultured organisms. In addition,
probiotics are nonpathogenic and nontoxic
microorganisms without undesirable side-effects
when administered to aquatic organisms'#47,
Bacterial growth

The counts of A. hydrophila were
estimated daily in M. japonicus culture water for
seven successive days (Fig. 4). The growth of

Uncultured bacterium clone $2

Vibric parakaemolyticus strain RW1
Vibriosp. H-129

Bacterium 1611-54-10-1.2
Unculiured Vibrre sp. clone CLAL2
Vibrio alginolyticus strain KVD-HL42
Vibrie splendidus strain APE2S

2| Vibrio arureus strain M2-16

Vitriosp. H-152

Marine bacterium 30R17

Vitrico alginolyticus strain HOS0813-K(2)
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Fig. 3. Phylogenetic rel ationships among the representative experimental strain and the most closely related Vibrio
species. The dendogram was generated using tree view program
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pathogenic A. hydrophila was inhibited by
V. alginolyticus S10 (Fig. 4). Lower concentrations
of V. alginolyticus S10 culture inoculated at an
initial concentration of 10*and 10° CFU mi- dlowed
initial growth of A. hydrophila but in lower
densities as compared to those without probiatic.
On the other hand, in higher concentrations of
probiatic, V. alginolyticus S10 (10° CFU ml2), there
was anincreasein A. hydrophila densities during
thefirst 2 daysfollowed by adecreasein the total
viable counts during the third and the fourth days
then further increase in pathogen concentration
was noticed in thefifth and sixth daysbut in lower
levels corresponding to control without probiotics.
Statistical analysis using t-test showed that, there
were significant differences (P< 0.05) among the
different treatments during the period of study.
Therefore, it can be suggested that theinoculation
of V. alginolyticus S10 strain into the rearing water
in M. japonicus culture resulted in the apparent
elimination of Aeromonas sp. Similarly, it was
reported that Pseudomonas fluorescens reduced
diseases caused by Aeromonas solmonicidain®.
Also different probiotics were used to eliminate
Aeromonas hydrophila®.

LE+09 = & = Control
LE+DB
LE+07
LE+06
LE+05
LE+D4
LE+D3
LE+02
LE+01
LE+DD

——16° crum
wesgens 10° CFUMI "1

-t 20° crumt !

Total viable count (CFUmI)

Time (day)

Fig. 4. Growth pattern of A. hydrophila without and
with V. alginolyticus S10 at different concentrations (10
CFU ml, 10° CFU mlt and 10° CFU mlY)

Survival, behavior and histopathology
Temperature is often a major
environmental factor in triggering waterborne
disease outbreaks®. The ambient temperature in
M. japonicus treatments and control group was
25+ 1°C, thesurvival rate of M. japonicus attained
100% in treatment of adding the highest
V. alginolyticus S10 concentration (10° CFU ml?).
However, 88% survival ratewasfor both trestments
of adding 10* CFU mlt and 10° CFU mlt V.
alginoticus S10 and the lowest survival of 78%
wasrecorded in control (without probiotics). This
may be attributed to the fact that the ambient
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temperature (25+1°C) may be not enough for high
mortality or severity pathogenesis as was
previously reported>

In probiotic treatments, M. japonicus
showed no abnormality in swimming behavior and
appetite, while completeloss of appetitein control
group was observed. The poor food consumption
may lead to cannibalism®’. The observed
behavioral changes in M. japonicus may be
attributed to the extracellular products of A.
hydrophila as reported in Penaeus indicus®.

Microscopic examination of shrimp
tissues are among ideal and rapid reliable means
for health monitoring and diseases diagnosis in
farmed shrimp®. The present histopathological
study that showed hepatopancreas (HP), muscle
and heart lesser infection degrees in high
concentrations of probiotic as compared to no/
low probiotic concentration indicates the positive
probiotic impact against pathogenic bacteria
revealing the probiotic use beneficiary.

The present study investigated the
histopathology of (HP) since it is responsible for
major metabolic eventsand playsasignificant role
in pathogenesis due to having open circulatory
system®* %5, The present histological examination
of fresh caught samples showed normal (HP) tissue
containing numerous tubules that held together
loosely by connective tissue strands to provide
an increased surface area for digestion and
absorption®. Each tubule has a star shaped lumen
lined with varioustypesof epithelial cellswith clear
nuclei, secretory vesicles and central lumen (Fig.
5-A).

It was reported that bacterial infections
in shrimps may take variousforms such asbacterial
shell disease, localized gut or (HP) infections,
localized infections from puncture wounds, limb
loss etc. and septicemia®. The present
histopathological investigations of infected M.
japonicus (HP) showed necrotising
hepatopancreas (NHP) disease. It is known that
(NHP) targets penaeid shrimp, infecting the tubular
epithelial cellsof (HP) 5" %8 resulting in significant
production losses, with 25 to 95% mortalities
range™ %, It also results in impairing the lipid
storage, healthy growth, and development®. There
aremany reported signsfor (NHP) such asbacterial
shell disease (melanization)® which was detected
by development of characteristic black coloration
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inthe exoskeleton of infected M. japonicus. It was
noticed in control after exposure to A. hydrophila
for three days however it was not observed in
probiotic treatments. According to Lightner
(1993)%2, the shell diseaseis characterized by single
or multiple dark areas in general on body cuticle
with brownish to black coloration. The black
pigment deposit (melanin) is usually associates
with the site of hemocytic activity and cellular
inflammatory conditions during infection®. In
addition, production of extracellular lipase,
protease and chitinase enzymes may be among
factors for the manifestation of shell disease® .

The (HP) tissue damage degree was
noti ced to be varied among treatments, it wasfound
to beincreased by increasing the exposuretimeto
pathogenic A. hydrophila coinciding with
decreasing probiotic concentration. Three stages
of (NHP) have been defined in infected
hepatopancreas. Stage | of (HP) infection was
detected in control group (after oneday), treatment
1 (10*CFU mi* V. alginolyticus addition) (after six
days), and treatment 2 (after eight days). This

' [
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stagewas characterized by small, intra-cytoplasmic
bacteria which result in B-cell vacuolation and
interstitial hemocytic infiltration. Bacteria were
limited to the tubular epithelium and were present
intheapical cytoplasm (Figure. 5-B).

Stage 11 of (HP) infection was observed
in control (after two days), treatment 1 (after seven
days), and treatment 2 (at the end of experimental
period, ten days). In stage |1, severe vacuolation
and rounding of B cellswerenoticed (Figure 5-C).
Infected cells might appear cuboidal, containlittle
stored lipid vacuoles. B-cell vacuolesincreasedin
number and some of them were extruded into the
lumen. However, stage Il of (HP) infection was
detected only in control after seven days; it showed
necrosis, degeneration of B-cells resulting in
enlargement of tubule lumen, shrinkage and
breakage of tubules (Figure 5-D). Likewise, it was
stated that the acute phase of (NHP) by severely
atrophied HP tubules®. The present findings are
alsoinagreement withAmbipillai et al (2003)**who
mentioned that heavy bacterial colonisation of the
mouthparts or the cuticular lining of the

Fig. 5. Histological examination of M. japonicus hepatopancreas, A) normal hepatopancreas showing absence of
intracellular bacteria in tubular epithelial cells (arrows). B) Stage | of hepatopancreas infection showing small,
intra-cytoplasmic bacteria (B), interstitial hemocytic infiltration (H) and vacuolation (V), C) Stage Il of
hepatopancreasinfection showing sever vaculation and rounding of cells, D) Stage |11 of hepatopancreasinfection
showing degeneration of B-cells (D), necrosis (N), and lumen enlargement (H & E: X, 400)
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oesophagus and foregut can lead to rounding up
and sloughing of (HP) tubules leading to typical
enteritis.

The present histopathological
observationsof (HP), hemocyticinfiltration, edema,
and tubular atrophy with bacterial cytoplasmic
masses within one or moretubuleswere similar to
that recorded for (NHP) in Litopenaeus vannamei®
and P. monodon®®. The proposed route of pathogen
invasion was stated previously®” to be from
stomach to the primary duct and the secondary
duct, extending up to hepatopancreatic lumen.

Histological examination of fresh caught
samples showed normal muscle tissue (Figure 6-
A) whilelittletissue abnormality was observedin
case of probiotic addition treatments (1, 2, and 3)
(Figure 6-B). Damage of infected muscletissuewas
represented by myofibril necrosis, interstitial
hemocytic infiltration, and edema. The present
finding of increased muscle tissue damage by
increasing both of A. hydrophila densities and
the exposuretimeisin agreement with that reported
by Lightner (1973)% for P. aztecus.

Normal heart tissue without bacterial
infection and hemolytic aggregation was noticed
in fresh caught samples (Figure 7-A).
Histopathological findings of infected M.
japonicus heart tissue showed lesser hemocyte
infiltration (Figure 7-B) in probiotic addition
treatments (1, 2 and 3) in comparison to that sever
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damage observed in the control “without probiotic”
after seven days of exposure (Figure 7-C). The
destruction of heart tissue may be due to
hepatopancreas autolysis and releasing of
proteolytic enzymes was suggested in some
studies®®.

The observed sever hemocyte
aggregation in hepathopancreas, heart and muscles
detected in control “without probiotics’ may be
attributed to stressful of pathogenic bacteria. The
histopathological changes detected in infected
heart and muscle tissues may speculate that
bacteria may have reached them through open
circulatory system asreported by Chavda& Sujata
(2014)* for Penaeus monodon infected with
Fusarium sp.

A B

Fig. 6. Histological examination of M. japonicusmuscle
tissue, A) normal muscletissue, B) infected M. japonicus
muscle showing interstitial hemocytic infiltration (H),

edema (E) and necrosis (N). (H&E: X, 400)

Fig. 7. Histological examination of M. japonicus heart tissue. A) normal heart tissue, B) Lesser infected heart tissue
showing hemocyte aggregation, C) Sever infected heart tissue showing sever bacterial infection (B) with hemocyte

aggregation (H) and necrosis (N). (H&E: X, 400)
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