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ABSTRACT

The present study describes the prevalence anbicagram of Aeromonads
in foods of animal origin, water and human diartheamples. The molecular
epidemiology andin-vitro and in-vivo virulence characterization of the isolated
Aeromonasspp. was also studied. Of the 609 samples comgrisvater (182), fish
(172), chicken (57), mutton (83), beef (31) and hardiarrheic stools (83) screened
for the presence dkeromonasspp., 155 (25.45%) were positive. The prevalerice o
Aeromonasspp. in water, fish, chicken, mutton, beef and anrdiarrheal samples
was 26.37, 39.30, 14.03, 22.89, 19.35 and 7.23%pextively. The isolates of
Aeromonasfrom all sources were identified @ hydrophila(23.87%),A. caviae
(20.64%), A. veronii bv sobria (18.06%), A. salmonicida(8.39%), A. popoffii
(6.45%), A. trota (5.16%), A. schubertii (3.87%), A. jandaei (2.58%) andA.
allosaccharophila(2.58%). Thirteen isolates (8.39%) could be idesdito genus
level only. A polymerase chain reaction (PCR) usedonfirm theAeromonagenus
detected 153 of 155 isolates identifiedAesomonagphenotypically. The speciation
was studied by restriction fragment length polyninigsm of PCR amplified segment



of 16S rRNA gene and the expected fragments wergergted. Analysis of
restriction enzyme digestion pattern indicated thatfragments generated could be
used to identify the species dferomonasbarring few exceptions. Molecular
characterization of virulence factors encompasseatuliplex PCR for detection of
three enterotoxin geneadt, alt andas) of Aeromonasdsolates. Thect, alt andast
genes were detected in 104 (67.09%), 98 (63.22%l) Xin (7.06%) of isolated
Aeromonads, respectively. The gene patterns ideatihcluded;act/alt (47.09%),
act (13.54%),alt (10.96%),act/alt/ast(5.16%) andact/ast(1.93%). All the isolates
were haemolytic on rabbit blood agar plates whderholytic activity was shown by
92.25% of the isolates on sheep blood agar.ifitwévo virulence characterization of
isolates was studied by vascular permeability reacin rabbit skin which were
marked after 12 hr of intradermal injection andgeoh between 7 and 19.6 mm in
diameter. Strains having enterotoxin genes prodingher VPR zones compared
with those not carrying the gene. The moleculademiology of isolates was
attempted at two different levels by random amgdifion of polymorphic DNA
(RAPD) and enterobacterial repetitive intergeniosemsus sequence PCR (ERIC-
PCR). The RAPD-PCR did not yield enough amplificatproducts; therefore, the
genetic variability could not be studied by RAPDHCThe ERIC-PCR was
however able to type all the isolates and mosthef isolates from water were
identical to one other and also to the isolatemffish. The twoA. caviaeisolates
from human diarrheal samples were identicalAtocaviaerecovered from water,
indicating water as the most important sourcA@fomonasnfection. A high degree
of resistance was observed against ampicillin @) ampicillin/cloxacillin
(89.03%), polymyxin B (87.74%), amoxycillin (72.90%oxithromycin (70.32%),
erythromycin (61.29%) and streptomycin (54.84%).e Tisolates were highly
sensitive to enrofoxacin (96.77%), ciprofloxacin4. (%), ofloxacin (92.9%),
ceftraixone (90.32%), norfloxacin (85.81%), tetreloye (85.81%), gentamicin
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revealed a high similarity of the genes with segesravailable in the GenBank.
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Chapter-1
INTRODUCTION

Our health, both physical and mental faculties ddpeon the food we eat, as is the
old proverb “we are what we eat". Access to goodliguand safe food has been
man's main endeavor from the earliest days of huemétence. Food safety implies
absence or acceptable and safe levels of pathogdukerants, naturally occurring
toxins or other substances in food, that makejitrious to human health. Of the
many foodborne micro-organisms, one of the emergatgogens is\eromonasThe
factors driving more and more researchers' interesteromonal biology include
demonstration of the role @feromonasspp. in a number of human infections, their
documentation as potential food and waterborneoggthis and their role as emerging
animal pathogens.

The genusAeromonashas gone through turbulent taxonomic changes due to
lack of congruity between phenotypic and genotypi@racteristics of species.
Currently Aeromonads are placed in the famfgromonadaceaeunder order
Aeromonadalesf the GammaProteobacteriaclass (Garittyet al., 2001). The genus
comprises a collection of facultatively anaerobixidase and catalase positive, Gram
negative, short rods that are resistant to theiostatic agent-2,4-diamino-6,7
diisopropylpteridine (Holtet al., 1994). For accurate classification of the genus,
multiple methods are employed. Empirically, basacbmchemical characterization,
14 phenospecies have been described (Martin-Camnah@ Joseph, 2005) and by
extensive DNA-DNA hybridization studies, 17 recaggd DNA-homology groups
(HGs) are identified (Yaneet al, 2003). Molecular techniques have also been used
for the identification and speciation @&eromonasspp. based on the restriction

fragment length polymorphism (RFLP) profiles of 188NA genes (Martinez-



Murcia et al, 1992a; 1992b; Borre#t al, 1997). This method is reportedly cheaper
and more discriminatory than other methods of diaation (Borrellet al, 1997).

The Aeromonasspp. are autochthonous to the aquatic ecosystiaoisding
ground water, surface waters, marine waters, ndorioated drinking water,
chlorinated drinking water and bottled mineral waiglolmes et al, 1996,
Abulhamd, 2010). The Safe Drinking Water Act of tédi States Environmental
Protection Agency (EPA) has made it mandatory teest drinking water for the
presence oRAeromonashydrophilla The organism has been listed on the first and
second Contaminant Candidate List (CCL-1 and CClof2potential waterborne
pathogens (USEPA, 1998; 2005). Th&eromonas spp. are also common
contaminants in diverse variety of foods namely fisea-foods, raw and cooked
meats, poultry, milk and milk products, eggs andetables (Palumbet al, 1989;
Kirov et al, 1990; Hanninen and Siitonen, 1995; Sirghal, 1997; Isonhood and
Drake, 2002; Sharma and Kumar, 2011; Dadtadl, 2012).

Some species oheromonasare opportunistic pathogens of man, causing a
wide variety of extra-intestinal infections and asionally gastrointestinal diseases
as well. The first human case of acute fulminatmgpsitis caused bferomonasvas
described in 1954 followed by its isolation fromniman faeces in 1961 (Lautrop,
1961; Janda and Abott, 1998). The first well docoteeé case linkingheromonas
with diarrhea was reported in 1964 (Rosner, 1964#)ce then, Aeromonads have
been implicated in a number of human ailments tjestroenteritis, septicaemia,
wound infections, meningitis, endocarditis, peritish osteomyelitis, septic arthritis,
ocular infections, urinary and gynaecologic infext, respiratory tract infections,
fatal pneumonia and also in several cases of hatimalraemic syndrome (HUS)
(Khardori and Fainstein 1988; Krovacekal, 1993; Janda and Abott, 1998; Tahker
al., 2000; Vasaikaet al, 2002; Rodrigueet al,, 2005).



Aeromonads occur as normal micro-flora of many &quand terrestrial
animals and are proven diseases causing agentious cold and warm blooded
animals including fishes, amphibia, reptiles, bieshgl domestic animals (Janda and
Duffey, 1988; Cahill, 1990a; Joseph and Carnah@94)l Reports of isolation of
Aeromonasspp. from animal infections include abortion inwsp buffaloes and
mares; mastitis in dairy cow, fatal septicaemidags and puppies, ocular infections
in birds, gastroenteritis in cats and dogs and ic@Ephnia in grey seal etc.
(Wohlgemuthet al, 1972; Das and Paranjape, 1987; Mistaal, 1993; Andre-
fontaineet al, 1995; Krovacelet al, 1998; Paniaguet al., 1998; Kumaet al, 2001,
Boynukaraet al, 2002; Maliket al, 2002; Zdovet al., 2004).

The versatility ofAeromonasspp. in inflicting diseases in man and animals is
attributable to an array of virulence factors pesed by the members of the genus
(Janda and Abbott, 2010). These virulence factwrdeoadly divided into structural
components, extracellular factors and cell-assediéatures (Janda, 1991). Number
of these virulence factors has been characterideded and sequenced (Abdullah
al., 2003). However, their actual role Areromonasnfections is yet to be elucidated
completely (Pembertoet al, 1997). The degree of virulence may be related to
distribution of virulence genes leromonasspp. (Albertet al, 2000). A number of
studies reported the distribution of virulence gemenong isolates from different
regions of the world (Abdullalet al, 2003, Kingombeet al, 2010), which have
contributed to the understanding of the virulenceopprties as well as
epidemiological aspects of Aeromonads.

The antibiotic era changed the profile of infecfodiseases and human
demography but the bacterial resistance againsethgas soon realized and
continues with the introduction of new antibiotegery now and then. Among the

antibiotic resistant bacteria, the enteropathogesre found to be highly resistant to



antibiotics used for empiric treatment of diarri{Belamet al, 2004). The global
concern over the indiscriminate use of antimicrisintibiotics in animal husbandry
and aquaculture and consequent emergence of dsiggar® microbes is increasing
every day (WHO, 2000). Aeromonads being emerginghqeens with their
increasing refusal to surrender to commonly usetbiatics, thus compound the

problem, be it treating human patients or the i@@@nimals.

The virulence markers oAeromonas(aerolysin, haemolysin, enterotoxins
etc.) are useful to distinguish between potentigiighogenic and non-pathogenic
strains. About 6.5% of diarrheal cases in the suthparts of India have been
attributed toAeromonagKomathiet al, 1998), warranting an urgent need for the
information on its role as a pathogen in other gaftthe country, including J&K,
where, the information on the incidence and the nphgic and genotypic
characteristics of Aeromonads is scanty. The fhet the dissemination of the
organism may take place via myriad mechanisms si#at=ss getting into a state of
preparedness so that in the event of Aagomonasutbreak, remedial measures are
employed at an appropriate time. Based on the athgeeurse, the present study was

proposed with the following objectives:

1. To study the prevalence éferomonasspp. in foods of animal origin, water

and human diarrheal samples.

2. To carry out virulence characterization and studydistribution of virulence

genes among isolated Aeromonads.
3. To study genetic diversity and molecular epidengglof isolates, if any.

4. To study drug resistance pattern of the isolates.



Chapter-2
REVIEW OF LITERATURE

The order Aeromonadales comprises a single family of bacteria,
Aeromonadacegavhere the genuseromonasesides anderomonas hydrophiles
designated as the type species (Martin-CarnahanJaseph, 2005). Aeromonads
are natural inhabitants of aquatic environment icgudiseases in aquatic animals

and as an opportunistic pathogen in man.
2.1 Taxonomy

The history ofAeromonass more than a century old, a bacterium resembling
motile Aeromonaswas first isolated from water in 1890 by Zimmermeamd was
named Bacillus punctatus(Zimmerman, 1890). Subsequently, Sanarelli (1891),
isolated the organism from frog and linked it td teg disease of frogs and named it
asBacillus hydrophilus fuscughe current generic namAgromonasvas proposed
by Kluyver and Van Niel (1936).

Until late 1970’s, Aeromonads were divided into t@gooups based upon
physiological properties and the host range. Mdieomonads that grew at 35-37°
C and recognized to cause human infections wetedcAl hydrophila The non-
motile Aeromonads that grew at 22-28° C and infieclish were calledA.
salmonicida(Popoff and Veron, 1976). Moreover, owing to similas it shares with
Vibrio spp. andPlesiomonasspp. the genus was initially placed under the fami
Vibrionaceag(Holt et al, 1994). In the course of time, the differencesvben these
three genera and phylogenetic depth within the ggxeromonasassumed more
prominence prompting the proposal of a separatéyfaheromonadaceagColwell et
al., 1986). Following extensive DNA-DNA hybridizatiostudies and 16S-rDNA
sequence analysis (Popeffal, 1981; Hickman-Brennest al, 1987; 1988; Kuijper



et al, 1989a; b) the proposal of separate famlgromonadaceaéColwell et al,
1986) was accepted and the genmdsromonasnow resides under the family
Aeromonadacea@rderAeromonadalesf the clasgamma proteobacteria (Garigy
al., 2001).

The genera of the familyAeromonadaceaenow include Aeromonas
OceanimonasOceanisphaerand TolumonagMartin-Carnahan and Joseph, 2005).
During the recent past, new species and subspedieseromonashave been
identified and more will undoubtedly be describéd. hydrophilassp. dhakensis
(subsp. nov.) (Huyet al, 2002a),A. hydrophilassp.ranae (subsp. nov.) (Huyst
al., 2003),A. culicicola(sp. nov.) (Pidiyaet al, 2002),A. simiae(sp. nov.) (Harf-
Monteil et al, 2004a), and\. molluscorun(sp. nov.) (Minana-Galbist al, 2004a)
have been proposed as new species and subspecies.

The genusAeromonagonsists of straight, coccobacillary to bacillaramg-
negative bacteria with rounded ends (Martin-Carnalad Joseph, 2005). They
occur singly, in pairs, and rarely as short chaMstile strains produce a single
polar flagellum, though peritrichous or lateralgidla may be formed on solid media
by some speciesAeromonasspp. are facultatively anaerobic, catalase positive
oxidase positive, chemoorganotrophic bacteria #etibit both oxidative and

fermentative metabolism on carbohydrates (Carnahah, 1988).
2.2 Isolation and Identification of Aeromonas spp.

Isolation and identification ofAeromonasspp. from environmental and
clinical samples provides a challenge and multipéthods are required for isolation,

identification and speciation of the genus.
2.2.1 Isolation

The optimally temperatureange for growth oAeromonasspp. is between



22-35°C, but growth can occur in a temperature edngm 0-45° for some species
(Mateoset al, 1993). These tolerate a pH range from 4.5 to[®u®optimum pH is
5.5 to 9.0 and optimum sodium chloride concentratranges from 0 to 4%
(Isonhood and Drake, 2002). Several culture memtigsblation and enumeration of
Aeromonads from water samples were compared bytd&srst al (1996a) who
concluded that ampicillin dextrin agar (ADA) proeulcthe best results. Water and
food samples are usually processed using a multyfde technique such as the
multiple tube fermentation test (MFT) used for fmim analyses but instead
alkaline peptone water is employed. Non-turbid wa@mples may be processed
using the membrane filtration (MF) method, whermgles are filtered through a
membrane with a pore size of 0.45 Fm and the mamlisaeither placed into APW
enrichment broth or placed onto the surface ofctgke and differential culture
media such as ampicillin dextrin agar (ADA) andubated aerobically at 35° C for
24-48 hr (Kersterst al,, 1996a).

Maria et al (1988) studied eleven different media for suiigbiin the
selective isolation ofA. hydrophila.Among these five (inositol-brilliant green-bile
salts agar, bile salts-brilliant green agar, Rir8&potts agar, Xxylose-sodium
deoxycholate-citrate agar and dextrin-fuchsin-gailagar) allowed the growth of
several microorganisms. Six media (Modified Rinfiretts agar, DNase-toluidine
blue-ampicillin agar, Pril-xylose-ampicillin agakjacConkey-trehalose agar, mA
agar and Starch-Bile salt agar) were selected fatuation as recovery selective
media on the basis of their efficiency in isolatioQA. hydrophilafrom natural

water samples.

Several enrichment and selective media have beslnaed for isolation of
aeromomads from foods (Moyer, 1996; Palumbo, 1998arch ampicillin agar
(SAA) and bile salts inositol brilliant green ag&®BG) with prior enrichment in



alkaline peptone water (APW) or tryptose broth aornihg ampicillin (TSB-30)

(ampicillin 30 mg/L) are recommended (Moyer, 19%&glumbo, 1996). After
evaluating five different selective media for theiffectiveness in the primary
isolation of Aeromonasspp. from human patients with acute diarrhea aoth f

healthy domestic animals. Sheep blood agar withm80of ampicillin per liter

(ASBA30) was found to yield a significantly highgrercentage of positive
specimens compared to other media (Migttral, 1987).

2.2.2 ldentification

At the phenotypic level, to distinguish each specig is necessary to
integrate the conventional biochemical schemes @&t#t al, 2003) with additional
key tests described recently (Beaz-Hidatgal, 2010).

Phenotypic identification of Aeromonads to the gendevel requires
biochemical tests which include oxidase, catalagk ratrate production, growth in
nutrient broth containing 0, 3% and 6% NaCl, resise to O/129 (2, 4-diamino
6,7diisopropylpteridine), production of acid from-ti2halose, inability to utilize
malonate as the sole carbon source, fermentationosftol, D-xylose and dulcitol
(Ottaviani et al, 2006). For species identification a battery aichemical tests
(Abbott et al, 2003), including lysine decarboxylase, ornithalexarboxylase and
arginine dihydrolase, esculin hydrolysis, lipasel amdole production, methyl red,
Voges-Proskauer; utilization of citrate, DL-lactatrocanic acid, acid and gas
production from D-glucose, acid from L-arabinosellabiose, lactose, glycerol,
mannitol, rhamnose, salicin, sorbitol, pyrazinams&aglucose 1-phosphate and
sucrose, hydrolysis of urea, susceptibility to afipp (10 pg) and ONPG
production (Abbottet al, 2003; Martin-Carnahan and Joseph, 2005; Janda an
Abbott, 2010). For better discrimination of theagts at the phenospecies level,
recently proposed supplementary biochemical té&3sZ-Hidalgoet al, 2010) i.e.



growth at 42 °C, acid from melibiose, hydrolysisstérch and gelatin, 43 from
cysteine, 3-haemolysis on sheep blood agar anditmati semisolid agar at 37 °C
are used. Using the Abbatt al (2003) scheme, the isolate can be allocated to a
species-group and each group includes 3 differdr@ngtypic species. Tha.
hydrophila group includesA. hydrophila A. bestiarumand A. salmonicida(both
motile and non-motile species), tAecaviaegroup included\. caviag A. mediaand

A. eucrenophilaand theA. veronii/sobriagroup includeg\. veroniibiovarsobria, A.

jandaej A. schubertiiandA. trota

The strains presumptively identified As hydrophilacan further be tested to
discriminate this species from the new spedesquariorumandA. piscicolaby
interpreting the results of the utilization of Letate according to Beaz-Hidalgo al
(2009) and Figuerast al (2009). All strains presumptively identified As caviae
are tested by interpreting the results of lysineadeoxylase, gas from D-glucose and
H,S from cysteine (Figuerast al, 2009) to discriminate this species from the
recently described new speciés aquariorum Indole production and acid from
glycerol are evaluated according to Demasdt al (2008) for all strains
presumptively identified aé. eucrenophilaand A. encheleiadiscrimination from
the new recently described speckstectg. Indole, starch hydrolysis and lysine
decarboxylase can be used to discriminate allngtrpresumptively allocated to the
A. caviaegroup from the new specigs molluscorumandA. bivalvium(Mifiana-
Galbis et al, 2004; 2007). The group of strains presumptivalgcated in theA.
veronii/sobriagroup are examined for 3-haemolysis (Harf-Morgeiél, 2004b), to
exclude the new speciés simiae If an isolate could not be definitely placed meo
species group or in one of the phenospecies dnsidered as “atypicaBeromonas
(Janda and Abbott, 2010).



At molecular level, a combination of 16S rRNA-RFBRalysis (Borrellet
al., 1997; Figuerast al, 2000) and sequencing of the housekeeping gpo&sand
gyrB (Soleret al, 2004) is necessary for correct identificatiorAefomonasstrains
to the genospecies level. All typical Aeromonadgspmptively identified to the
species level or only allocated into a species ghwould be molecularly confirmed
by a multiplex-PCR assay (Janda and Abbott, 2010).

2.3 Distribution of Aeromonas spp.

Aeromonads are essentially ubiquitous in the mieldosphere. They can
be isolated from virtually every environmental reclwvhere bacterial ecosystems
exist. These include aquatic habitats, fish, foatlsnesticated pets, invertebrate
species, birds, ticks and insects and natural,salflsough extensive investigations
on the latter subject are lacking (Janda and AbI26t10). The vast panorama of
environmental sources from which Aeromonads carebeountered lends itself
readily to constant exposure and interactions betwine genugsieromonasand

humans.
2.3.1 In Water

The natural reservoir fokeromonaspp. is the aquatic environment (Haeén
al., 1978; Schubert, 1991; Razzoligi al, 2008), wherein they remain associated
with various phyto and zooplankton (Chowdhetyal, 1990; Dumontegt al, 1996).
Their detection has been reported from almosiyp#g of waters namely fresh, saline
and brackish water (Hazeet al, 1978; Sacket al, 1987; Araujoet al, 1989),
chlorinated and unchlorinated drinking water (Laciker et al, 1982; Burkeet al,
1984b; Millership and Chattopadhyay, 1985; Kerstdrsal, 1995), ground water
(Holmeset al, 1996), treated and untreated sewage water (8dhdl991), seawater
(Echeverriaet al, 1983; Brandiet al, 1996). activated sludge (Neilson, 1978),
irrigation water (Miranda and Castillo, 1998), cle@er water (Pathakt al, 1988),
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domestic and industrial waste water (Schubert, 1$ade et al, 1986), abattoir
waste water (Rosset al, 2000), fish farm hatchery tanks (Rhodssal, 2000),
untreated hospital effluents (Rhodetsal, 2000), reservoirs and drinking fountains

(Razzoliniet al, 2008) and even bottled mineral water (Tsai andD97).

Aeromonasspp. canbe found in variousconcentrationsin drinking
water. Although the significance ofAeromonadsin such samples ianknown
in relationship to reputed cases of gastroenteritis,the chronic exposure of
immunocompromisedersons toAeromonasvia contaminatedwaters could
potentially lead to an invasivdisease, such as septicemia (Lecktral, 2002).
The World HealtrOrgangation listsAeromonasn the third edition ofGuidelines
for Drinking-Water Quality (USEPA, 2005) In 1998, the Envirormental
Protection Agency listed A. hydrophilaon its “Drinking Water Contaminant
CandidateList” (USEPA, 2005). Throughthe Consumer Confidence Report
Rule, public water systems areequiredto report unregulated contaminants,
such as Aeromonas when detected(Edberget al, 2007). Aeromonashas also
been reported toenter a viable bumnon-culturablestate, similar toother
pathogensincluding Vibrio. The significance of thesebsewations is presently
unknown(Mary et al, 2003.

Aeromonads have been isolated from chlorinated drinkinterwsupplies
around the world (Hazent al, 1978; Burkeet al, 1984a; van der Kooij, 1988;
Fernandezet al, 2000; Figuera®t al, 2005). They occur in distribution system
biofiims where they may be protected from disinfection dr&hce grow in
distribution systems (Havelaet al, 1990; Holmes and Nicolls, 1995; van der Kooij
et al, 1995). Aeromonadsave been found at a frequency of 1 to 27% of drinking
water supplies examined (Rusgh al, 1997).Aeromonasspp. have been recovered

from mineral water with isolation rates as high as 35.5%catidconcentrations of
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greater than 3 lggp CFU/mL (Quevedo-Sarmientet al, 1986; Sladest al, 1986;

Gonzalest al, 1987; Manaia&t al,, 1990; Havelaaet al, 1990; Tsai and Yu, 1997;
Warburtonet al, 1998; Crocet al, 2001).

The Aeromonads have been recovered from differetémsources of India
like surface waters of Kolkata (Bhowmét al., 2009), domestic waters of Chennai
(Alavandiet al, 2001), tap water, well water and water from resies of Manipal
(Handeet al.,2009), Narmada river water (Sharmiaal, 2005) and Sulfur spring in
Orissa (Patrat al, 2007).

2.3.2 In Foods

A Variety of foods have been shown to harbor Aemats (Yadav and
Verma, 1998). Ibrahim and MacRae (1991) reportedomenads from beef
(60%), lamb (58%), pork (74%), and milk (26%). Ammmnads have been
recovered from fish and fresh salads (Walker arabBs, 1993), from lamb (Sierra
et al, 1995), oysters (Tsai and Chen, 1996), cheeseaamdnilk (Melaset al,
1999) and fish and seafood (Hanniretnal, 1997). Szabet al (2000) isolated
Aeromonasspp. from 70 of 120 samples of lettuce in Australiaromonads are
found in ready to eat foods, including seafoodsddtun and Avery, 1994; Tsai and
Chen, 1996). Glunder and Siegmann (1993) isolatexbronads from birds and
poultry eggs. Abbey and Etang (1988) reported A@mens in 28-29% of snalils in
Nigeria. Neytset al (2000b) cultured mesophiliéderomonasspp. in 26% of
vegetable samples, 70% of meat and poultry sanguids/2% of fish and shrimp
samples at numbers from < 2 ggCFU/g to > 5 logo CFU/g.

In India Aeromonads have been isolated from fishi13%), poultry meat
(11.5%), pork (9.85%) and chevon (2.5%) from Ndftst India, with A.
hydrophilabeing the predominant species (92.10%) followed\bgobria(5.26%)
andA. caviag(2.63%) (Sharma and Kumar, 201h) Nagpur, Aeromonaspp. have
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been recovered from commercially available chev@®%4) and freshwater fish
(18%). The predominant isolate wAs hydrophila(12%), followed byA. caviae

(8%) andA. sobria (6%) (Kolhe et al, 2005). Agarwalet al (2000) isolated
Aeromonads from fish (22%), snails (6.25%) and lqaggs (18%), buffalo milk
(2.8%) and goat meat (8.9%) in India.

Aeromonads have also been detected in soil (@nalyStickler, 1989), air
(Fanninet al, 1985) and on the surfaceshasfilms (Bal'aet al, 1998).

2.3.3 In Man and Animals

Humans carryAeromonasspp. in their gastrointestinal tract both in the
presence and absence of disease. The rates otérdalge in asymptomatic persons
in developed countries range from 0% to 4% (Milgoset al, 1983; Aggeret al,
1985; Svenungssoet al, 2000), while the isolation rate from personshwdtarrheal
illness ranges from 0.8 to 7.4% (Agget al, 1985; Moyer, 1987; Alberét al,
2000). In Southeast Asia, asymptomatic carriagesras high as 27.5% and recovery
rates from patients with diarrhea as high as 34% lb@en reported (Pazzaghtal,
1990). Among western Peace Corp workers in ThajlaAdromonads were
recovered from 8.5% of healthy persons and 30.8%pekons with diarrhea
(Echeverrieet al., 1981).

Recovery rates among children with diarrhea vamyggephically: 0.62 to
4% in Malaysia (Lee and Puthucheary, 2001; LeeRuttiucheary, 2002), 0.75% in
Nigeria (Kehindeet al, 2001), 2% in Sweden (Svenungssdral, 2000), 2.3% in
Taiwan (Juaret al, 2000), 4.8% in Switzerland (Essefsal, 2000), and 6.8% in
Greece (Maltezoet al., 2001). Sinhat al (2004) reported Aeromonads in 6.5% of
all patients in India. Chaat al (2003) also reported Aeromonads in 6.9% of adult
patients with acute diarrhea in Hong Kong. Reponrtssolation of Aeromonads from

symptomatic patients range from 0.04% to 21% (Karjand Peeters, 1991,
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Dumontetet al, 2003; Maraket al, 2003). However, isolation rates for human fecal
specimens vary widely, as geographical areas,mati@pulations, food habits, level
of sanitation and culture methods influence theovery rates (Dumontegt al,
2003). Pazzagliat al (1990) reported that 23.1% of newborns in Pematestrated
transitory gastrointestinal colonization witeromonasspp. during the first days of
life.

Kannanet al (2001) isolatedAeromonasspp. from clinical specimens in
India which includedA. hydrophila(59.3%),A. caviae(18.7%),A. veronii(10.9%),
A. schubertii(4.6%), A. jandaei(3.1%), andA. trota (3.1%). Fecal carriage rates of
6.6% of symptomatic 10-year olds have been repofkmmathi et al, 1998).
Seventeen of 2,565 stool samples (0.66%) were ip®sfor Aeromonasspp.
(Borchardtet al, 2003). The choice of culture methods espectaltyuse of alkaline
peptone water or other enrichment methods priglating fecal samples markedly
affects the detection rate both within and betweasirent populations.

The distribution ofAeromonasspp.in marine ecosystem and retail seafood
outlets is well documented and the organism isidensd to be the normal flora of a
variety of fishes, only to act as an opportunipashogen under conditions of stress
(Dugenci and Candan, 2003; Yoganamth al, 2009). A. hydrophila has been
isolated from diseased turtles, alligators, snalk®s] frogs (Gosling, 1996b).
Aeromonads have been isolated from feces of wildl @&t birds and under stress

may cause septicemia in poultry (Saif and Buscii4)9

Gray (1984) isolated. hydrophilafrom feces of normal horses (6.4%), pigs
(9.6%), sheep (9.0%) and cows (21.1%). The totzdlfearriage rate in animals is
slightly higher than the fecal carriage rate ofmak humans, which is < 1 to 7% for
most studies, although some studies report higatsr(Pitaragnset al, 1982).

Populations in animals probably reflect the presasfcAeromonads in their feed and
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water.

Figura and Marri (1985) isolated. hydrophilamore frequently tharA.
caviaein feces of pigs. Sterat al. (1987) isolated Aeromonads from 1 of 32 cows
and 3 of 21 turkeys. Gray and Stickler (1989) iswal®. hydrophilaandA. caviaen
cow and pig feces respectively. Diet and water c=irinfluenced recovery of
Aeromonads from feces of domestic anim#ieromonasspp. have been isolated
from feces, bedding, and drinking water of healtbyws and pigs (Hathcoait al.,
1999). Both healthy and diseased animals shedmamads in feces (Hathco&t
al., 1999).

Ghengheshet al (1999a) isolatedderomonasspp. from household pets
(dogs and cats) in Libya. The qualitative studie® gno estimate of the number of
Aeromonads shed in the feces of dogs and catsthemdfore, the public health

significance of these findings is unknown.
2.4  Factors Affecting Survival of Aeromonas spp.

Environmental survival of bacteria is dependentrupeany physical and
biological factors. Temperature, pH, ionic strengdunlight (UV irradiation),
moisture, available nutrient, presence of suspersddids, cell-specific protection
mechanisms and the presence of toxic substancesprauthtors all interact to

determine survival times.
2.4.1 Survival in water and food

Aeromonasspp. have their natural habitat in water and grera wide
temperature range. Becauseromonasspp. grow between 0° C and 45° C, with a
temperature optimum of 22° C to 32° C, there anedBvironmental habitats where
they are not found (Tsai and Yu, 1997; Warburto®@Q® Crociet al, 2001).

Nutrient availability, temperature and water adyivare the most important factors
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that determine growth rates. Growth is optimal@& G at pH 7 and a water activity
of 0.99 (Sautouret al, 2003). Imbert and Gancel (2004) studied the ceffed
temperature downshift on protein synthesishohydrophila While a few proteins
were under-expressed, two-dimensional electroplsoregealed that numerous new
proteins appeared with a decrease in temperatuwlesame others were over-
expressed. Cold shock proteins distinct from thpseduced byE. coli were
recognized. Additional studies are required to idate the nature of heat and cold

shock proteins produced by Aeromonads.

Aeromonads grew in filtered autoclaved tap watdrere inhibited by the
presence of heterotrophic bacteria, suggesting d¢batpetition for nutrients is a
selective factor limiting the growth of AeromonadMary et al, 2001).
Environmental strains had no competitive advantage clinical isolates. Survival
rates vary by strain, with HG-4 > HG-5B > HG-17 H.. Cell density increased
from 1-2 logo CFU/mL to 6 logo CFU/mL in 3-5 days in both filtered autoclaved
and unfiltered autoclaved tap water. Cells suspgmuenfiltered water that had not
been autoclaved declined from initial concentratioh4 log o CFU/mL to 1 log0
CFU/mL within 14 days. Cells suspended in filteredter that had not been
autoclaved showed strain- specific differencesunvisal with decay rates from 4 to
1 logro CFU/mL on day 1A. popoffi), day 3 A. media, day 7 A. hydrophilg and
day 14 A. caviag (Mary et al, 2001).

The upper growth limit is approximately 6XLCFU/mL in nutrient-poor
water (Miettineret al, 1997; Tsai and Yu 1997; Kerstatsal, 1996b; Maryet al,
2001). Phosphorous (Miettinest al, 1997) and assimilable organic carbon (AOC)
(van der Kooij, 1992) are considered to be the annfactors regulating growti.
hydrophila (HG-1) grows less well than othé&eromonasspp. in water poor in
nutrients (van der Kooij and Hijnen, 1988; Matyal, 2001).
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Studies in low nutrient waters such as bottled naihevater show that
Aeromonasspp. remain viable for extended periods of tilkehydrophilasurvives
in distilled bottled water between 30-60 days, &rdmore than 223 days in spring
water (Warburton 2000A. hydrophilaincreased by 1 lag during the first 24 hr.
then decline by 3 lagp CFU in 90 days and 6 lag CFU in 150 days during a
study (Messiet al, 2002). Experiments using mixed cultures redutedsurvival
time of Aeromonads. van der Kooij and Hijnen (1988ye shown that microgram
per liter concentrations of amino acids and lonairciiatty acids promote growth of
Aeromonads in water distribution systems. Aeromsnzah also metabolize a wide
variety of biopolymers, including proteins, carbdtes and lipids, which are

attacked by Aeromonads wide array of extracellataymes.

Photo-oxidation from visible and ultraviolet lightis an inimical effect on
Aeromonads.A. salmonicidapopulations were reduced by 99.9% after 2 hr of
exposure to sunlight (Liltved and Landfald, 2008enchokrounet al (2003)
examined the effects of solar radiation A&eromonasspp. in an algal pond.
Inactivation was enhanced by increasing oxygenatiorpH, while addition of
catalase or sodium pyruvate prevented die-off, ssijogg that damage to cells was
through photo-oxidationA. sobriawas slightly more resistant to photo-oxidation

which may explain its relative presence at highsitgnn waste stabilization ponds.

Aeromonads grow best between pH 7-9 (Vivekanandéaral, 2003).
Sautouret al (2003) reported that variation in pH had littfeeet upon survival over
a range of pH 5-9, and this is consistent withdhewth range reported by Popoff
and Lallier (1984)Aeromonasspp. are sensitive to acid conditions below pH 3.5;
however, they exhibit an acid stress responseanwhen they are acclimated at pH
5, the Kill time at pH 3.5 is extended. Treatmeithwprotein inhibiting antibiotics

prior to exposure to low pH eliminated the acides$r response, suggesting that
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protein synthesis is an important part of the atidss response.

Delamareet al (2000) examined salt tolerance among AeromonAdis.
strains challenged were able to grow in the presen®.34 M sodium chloride, and
all but A. veronii biovar sobria A. sobria and A. salmonicida subspecies
salmonicidawere able to grow in the presence of 0.51 M sodahnioride. A.
hydrophila, A. caviae, A. encheleia, A. trota, Aiclrenophila and A. media
tolerated 0.68 molar salt concentratidn.caviaeand A. trotagrew at 0.85 M salt

concentration and. trotatolerated 1.02 molar salt concentration.
2.4.2 Survival in Food

Aeromonads have been shown to grow in foods heldefigerator
temperatures (Palumbo and Buchanan 1988; MajeedMac®ae 1991; McMahon
2000). A. hydrophilacounts increased from 3-5 log CFU to 6-7 logo CFU in
ground meat at 7° C over 7 days (Vaid &sarg 2002). Counts reached 8 109
CFU in one day at 25° C. Background microflora weret inhibitory for
Aeromonads. While members of tBaterobacteriaceaare inhibited, growth oA.
caviaewas stimulated from 4 lag/g to 8 log 0 CFU/g at ambient temperatures and

from 5 logl 0 CFU/g to 7 logo CFU/g at refrigerator temperature in salad material
packaged undesuperatmospheric oxygen (Allendeal, 2002).

Growth temperature is an important feature ineddhtiation of clinical and
environmental strains. Approximately half of cliaidgsolates show some growth at
4-5° C, all food isolates grow at this temperat(ifaochel and Jeppesen, 1990).
While most clinical strains grow at 42° C, onlyeavfisolates from vegetables stored
at 5° C grew at elevated temperature. Knochel apgeken (1990) found that some
Aeromonads isolated from cold water did not grow 3° C. The growth

temperature range for Aeromonads is from 4 to 44°@ individual strains
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typically have a restricted growth range accordiogheir ecological niche, and
growth of a strain at both extremes of the range rare (Kirovet al, 1993Db).
Aeromonads are considered heat sensitive with cespe other food-borne

pathogens.

Aeromonads tolerate high pH well and this featuas been exploited by
using alkaline peptone water at pH 8.6 for samplecbment. Aeromonads grow at
pH 5.8 or higher, and may survive at pH 4.6 or aighccording to computer
modeling using Food Micromodel. Species-specifiad @olerance is known to
occur, sinceA. caviaegrown on glucose or other simple sugars producégisat
acetic acid to auto-sterilize a broth culture witdB hr. in weakly buffered systems.
This metabolic activity has been called the suigdeenomenon (Namdari and
Cabelli 1989).

Aeromonads do not tolerate high salt concentratiEn®chel and Jeppesen
(1990) reported that a few strains tolerated 6% INb@ generally Aeromonads do
not tolerate concentrations above 5% NaCl. Growtla icompetitive environment
may not occur at salt concentrations between 3-A&ocaafew isolates are sensitive
to 2% NaCl. Vivekanandhaet al (2003) examined the effects of salt concentration
on A. hydrophila Salt concentrations above 2% inhibited growth eweirat. Some
growth occurred at 4% NaCl concentration; howewer,growth occurred at 5%
though cells remained viable. These results maglaex the distribution of

Aeromonads in seawater and have implication in fo@s$ervation.

Modified atmospheres are increasingly being usefdad packaging. Piet
al. (2004) studied the response Af hydrophilato various combinations of pH,
temperature, and GGand Q concentrations. The results were used to develdp an
validate a predictive model for growth and deathinestes under modified

atmospheres at refrigerator temperature. Reducgdeoxlevels do not exert a
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detrimental effect on survival and growth of Aerarads and they may be isolated
from vacuum packed foods (Berraeg al, 1989). Expression of proteases and
hemolysins was inhibited, particularly at low temgiare (McMahon, 2000). High
amounts of carbon dioxide (94-99%) markedly afféctgrowth and viability
(Goldenet al, 1989). Devliegheret al (2000) reported that the use of carbon
dioxide in the package atmosphere in combinatioth weduced water activity
effectively inhibited growth. Gas-packed cured acmkmeat products did not

support growth oAeromonaspp. stored at temperature of less than 7 °C.

Irradiation is effective at doses of 125 to 15@ikads, which is sufficient to
eliminate viable cells from foods. Polyphosphategether with sodium chloride,
sorbates, and smoke are inhibitory to Aeromonadar(G1991; Palumbet al,
1995). Velazquezet al (2001) studied the antibacterial effects of plhases,
common food additives in meat products. hydrophilawas totally inhibited at
concentrations between 0.5 and 3%. 0.5% sodiummgcimphosphate exhibited the

greatest inhibition as it possesses both bactatieidd bacteriolytic properties.

Mary et al (2003) studied the tolerance A&f hydrophilato ethanol, sodium
chloride, drying and temperature. Starved cellsetiped increased tolerance to salt
and ethanol challenge but not to heat. These fgsdguggest that less rigorous food
processing and preservation methods may not etad@aromonads from foods.
Uyttendaeleet al (2004) examined the effect of lactic acid, chiated water, and
thyme essential oil solution for control éferomonasspp. in fresh vegetables.
Lactic acid at 1% or 2%, and 0.5% or 1% thyme dsalenil solutions were able to
control growth of Aeromonads, while waters witharie concentrations of 0.1 to

0.5 mg/L were not.

Usual food preservative processes (pH < 5, sodibloride > 3.5%,) are

sufficient to suppress growth of Aeromonads with éxception of refrigeration, as
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refrigeration alone does not suppress growth obAwmads (Palumbet al, 1995).
2.5 Infections/Diseases caused Byeromonas spp.

Although the Aeromonads have been discovered aigeago, but it is only
recently that their role in multitude of infectiomas irrefutably proven in humans
and animals (Janda and Abbott, 1998). A large nigjof infections are caused by
A. hydrophila A. caviaeand A. veronibiovar sobria (Janda, 1991; Janda and
Abbott, 1998).

2.5.1 In Humans

The first comprehensive review of human infectioassed byAeromonasspp. was
described by von Graevenitz and Mensch (1968). Mapyprts followed thereafter
(Janda and Abbott, 1996; Chopra and Houston, 1B@Rieraset al., 2005; Kalina,
1977; Janossy and Tarjan, 1980; Agbonlabbral., 1982). A wide spectrum of
infections has been associated vAgromonaspp. which include wound infections,
septicemia, lung infections, cellulitis, abscess.,ehowever, by far the most
discussed issue relates to gastroenteritis (Jab@@l; Janda and Abbott, 2010).
Although the role of Aeromonads as agents of gastaitis has been questioned by
some (Janda and Dufey, 1988), several microbiotbgéepidemiological clinical and
immunological investigations indicate their roleAgromonadss enteric pathogens
(Altwegg and Geiss, 1989; Joseph, 1996). The assoiciis strongest in children
under the age of 2 years, adults over 50 yearstena@nmunocompromised (Agger,
1986; Moyer, 1987; San-Joaquin and Pickett, 1988).

Diarrhea due toAeromonaspresents with varied clinical manifestations,
watery and self-limited diarrhea is common (Ghemspret al, 1999b). However,
some patients may develop fever, abdominal painbéomdy diarrhea. Frank mucus
and blood can be seen in more than 25% of stoolshibiren with Aeromonas
associated diarrhea and nearly 35% of patientsb#xBymptoms of fever and
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vomiting (Ghengheshet al, 1999a). A. caviae and A. hydrophila have been
associated with chronic diarrhea lasting up to gear (del Valet al, 1990). A
syndrome resembling ulcerative colitis has beenemtesl by endoscopy and
segmented colitis has also been reported (Faretg, 1989). Acute self-limiting
diarrhea occurs in children, and chronic gastra@igter enterocolitis may occur in
children and the elderly (Janda and Abbott, 1998@d&veig and Pacheco, 2001).

According to Kirov (2001), the majority of Aeromais associated with
gastroenteritis aré. veroniibiovar sobria (HG-8/10)A. hydrophila(HG-1) andA.
caviae(HG-4), thoughA. veroniibiovar veronii (HG-8/10)A. trota (HG-13), andA.
jandaei (HG-9) occur occasionally. Aeromonads have beeocesed with up to
13% of gastroenteritis cases in the U.S, with Gidd O:34 being common serotypes
(Buchanan, 1984; Thomaet al, 1990; Kokkaet al, 1991b; Merincet al, 1993a;
Merinoet al, 1993b).

Besides gastrointestinal disorders, Aeromonadsecao$t tissue infections
like fatal nosocomial necrotizing fasciitis (Chesigal, 2004), bite wound infections
(Raynoret al, 1983; Revordet al, 1988; Angelet al, 2002), burn infections
(Kienzle et al, 2000). The significance of Aeromonads as a cafis&in and soft-
tissue infections was made abundantly clear aswaltref the tsunami in Southeast
Asia in 2004. Among 777 patients hospitalized fguiies as a result of the tsunami,
515 had skin and soft-tissue infections of which isblates from 305 patients were
either A. hydrophilaor A. veronii biovar sobria (Hiransuthikuét al, 2005; Lim,
2005).

Aeromonasspp. are also involved in pneumonia and lung as&sein adults
(Goncalveset al, 1992; Murataet al, 2001), pneumonia in children (Sirinavehal.,
1984; Kaoet al, 2003). meningitis (Parrast al, 1993), endocarditis (Brouqui and
Raoult, 2001), Osteomyelitis (Janda and Abbott,8)9B8epatobiliary Infections like
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cholecystitis and cholangitis (Kumat al, 2000a; Clark and Chenoweth, 2003),
peritonitis (Ramot al, 1996), hemolytic uremic syndrome (HUS) (Bogdaoat
al., 1991, Robsoet al, 1992) and Ocular infections (Caetal, 1994; Puriet al.,
2003; Pinnaet al, 2004).

Bacteremia resulting fromderomonasinfection was reviewed by Ko and
Chuang (1995) and Ket al (2000). A. hydrophila sepsis is associated with
gastrointestinal disease, liver cirrhosis, diahetralignancy, pancreatitis, trauma,
cardiac anomalies and respiratory disease €Kal., 2000). Disseminated infection
progresses rapidly and has a high fatality raté@r{&ket al, 2004).

2.5.2 In Animals

Aeromonads are also recognized pathogens of cotslifg, 1996b) and
warm blooded animals (Gray, 1984; Shane and Giffb@85). Among cold blooded
animals pathogenic potential of Aeromonads wasriest in amphibians (Shotet
al., 1972; Huyset al, 2003), reptiles (Marcus, 1971; Shattsal, 1972; Misreet al,
1993), fishes (Hazeet al, 1978) and snails (Mead, 1969).

In equines they are known to be associated witheadrulcers (Rebhuet al,
1999), diarrhea (Hathcockt al, 1999) abortion and infertility problems (Forga-
Martel et al, 2000; Ulgeret al, 2001). The organisms have been isolated front hea
blood of aborted fetus and rectal swabs as welllikviet al, 2002). Aeromonads
were isolated from bovine mastitis (Ak, 2000; Kunetral, 2001), bovine seminal
vesiculitis (Moroet al, 1999), gastritis in squirrel monkeys (Khanolkaial, 2000),
cases of early abortions in buffalo (Das and Papsmj 1987), buffalo semen
(Ramawamyet al, 2002), farm animals (Gray, 1984; Getyal, 1990), racing camel
calves (Mooreet al, 2002), cases of high mortality in rabbits (Pgoeet al, 1998),
septicaemia in seal (Krovacek al, 1998), normal and diseased, domesticated, pet
and wild birds (Oladelet al, 1999; Shen and Shen, 2001; Silvanesal, 2001;

23



Glunder, 2002), wild birds (Oladekt al, 1999; Shen and Shen, 2001; Silvaneise
al., 2001; Glunder, 2002). Aeromonads are reporbedause fatal septicaemia in
dogs and puppies (Andre- fontaieeal, 1995; Zdovecet al, 2004) and have been
isolated from dogs and cats frequently (Ghengletsdl,, 1999b; Boynukarat al.,
2002; Ceylaret al, 2003).

2.6 Epidemiology and Disease Outbreaks

Aeromonads are ubiquitous in the nature and praseitiple opportunities
for transmission to humans through food, watermahicontact and direct human
contact. Extra- intestinal infections are typicalgquired through trauma in an
aquatic environment while intestinal infections aigu result by ingestion of

contaminated food or water.

Aeromonaspp. have been recognized as potential foodborth@gans since
1984 (Buchanan, 1984). Since thearomonasspp. has been reviewed as emerging
organisms of public health significance preseribods (Kirov, 1993a; Merinet al.,
1995). The presence of Aeromonads in fish and edaftead the U.S. Food and
Drug Administration to designate them as new foedbgathogens (Tsai and Chen,
1996).A. hydrophila, A. cavigeandA. veroniibiovar sobria are commonly found in
seafoods (Tsai and Chen, 1996), and may thereferentolved in foodborne
outbreaks. Aeromonasspp. have been recovered from 93% of fish, 100%sbf
eggs, and 16% of shrimp (Hanninenal, 1997). Wang and Silva (1999) reported
that 36% of channel catfish samples from 3 proogsglants containedA.
hydrophilaand 35.7% contained. veroniibiovar sobria. The rates of contamination
were higher in summer months when water temperstare warm (Nishikawa and
Kishi, 1988).

Diarrheal diseases have been associated with dgnlintreated well water

(Holmberget al, 1986). Altwegget al (1991a) used ribotyping to demonstrate that

24



shrimp ingestion resulted in gastroenteritis in tinst report of foodborne illness
attributed toAeromonaspp. Ribotyping was used to demonstrate that a@matith
chronic diarrhea carried the same strain for ygdsyer et al, 1992a) and
ribotyping was used to demonstrate person-to-petsmmsmission ofAeromonas
spp. between a foster child and a foster pareny@viand Larew, 1988). Aquarium
water has been suggested as the source of Aeromoesulting in gastrointestinal
infection (San Joaquiet al, 1989). Filleret al (2000) reported a case of acute renal
failure in a 6-month old infant caused By sobriaacquired from aquarium water.
The infection presented with water diarrhea thatgpessed to bloody diarrhea and

hemolytic uremic syndrome.

There are reports of foodborne gastroenteritid@gomonaspp. around the
world including Russia (Kalina, 1977), Hungary @ssy and Tarjan, 1980),
Nigeria( Agbonlahoet al.,1982), Florida( Abeytat al.,1986), China (Zeng Shaat
al.,1988), Japan (Kobayashi and Ohnaka, 1989), Engléfidov, 1993a),
Switzerland (Altwegget al, 1991a), Japan (Tanalkd al, 1992), U.S (Bottone,
1993), Sweden (Krovacek al.,1995) and Norway (Granust al.,1998).

2.7  Virulence ofAeromonas spp.

Virulence of Aeromonads is multifactorial and inqaetely understood
(Troweret al, 2000). Though the putative virulence factorscdesd can broadly be
divided into three categories, structural (piladgélla, outer membrane proteins, S-
Layer proteins, lipopolysaccharide and capsuld),associated (invasins, adhesins,
plasmids and serum resistance) and extracelluean@hysins, cytotoxin enterotoxin,
heat stable cytotonic enterotoxin, heat stabletogio enterotoxin, protease, amylase
and lipase) factors (Janda, 1991). Since the greimtpact onrAeromonagesearch is
imparted by the epidemiological association of ¢hesganisms with bacterial

gastroenteritis in humans (Janda, 1991), the fodxtoacellular virulence features are
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more investigated compared to other features (Kimgmoet al, 1999; Sechet al,
2002; Abdullaket al, 2003).

Of a number of extracellular factors, enterotoxans major virulence factors
(Abdullah et al, 2003). Three different enterotoxins have beescdleed in
Aeromonasspp., these include, cytotoxic heat-labile entetiotgAct), also known
as aerolysin/hemolysin (Chopeaal, 1993), heat-labile (56°C) cytotonic enterotoxin
(Alt) also known as lipase, extracellular lipase,ptospholipase (Anguitat al.,
1993; Chopraet al, 1996; Shat al, 2002) and the cytotonic heat-stable enterotoxin
(Ast) (Chopraet al, 1994). The recent isolation of enterotoxigenierdmonads
from drinking water in the United States (Saavedtaal, 2007) reiterates the
potential human health hazard of waterboAsomonasspp. The observation that
strains harboring thalt andastgenes were more prevalent in children with diarrhea
than in healthy controls underlines the importanake enterotoxins in the
pathogenicity of Aeromonads (Albest al, 2000).

The cytotoxic heat-labile enterotoxin (Act) is knowo stimulate pro-
inflammatory cytokine and eicosanoid cascades ioraphages in the rat intestinal
epithelial cell line ICE-6, leading to tissue damagnd fluid secretory response
(Chopraet al, 2000). There is a good correlation between oyiiot enterotoxins
(Alt and Ast) and elongation of Chinese hamsterrp\wzells and production of c-
AMP, which is typical enterotoxic activity (Chopeaal, 1994). Previous data show
that Act is the major enterotoxin contributing toid secretory response, followed
by Alt and Ast inA. hydrophila(Shaet al, 2002). Sinhat al. (2004) found that the
majority of theA. veroniibiovar sobria strains contained act. Presencel dhiae
genes is rare (Albegt al, 2000; Sinhaet al, 2004). The presence of these three
enterotoxin genes in various combinations may emxeor decrease expression of

specific enterotoxin genes and mediate the sewvefitjarrhea (Shat al, 2002).
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Act is a single-chain polypeptide 52 kDa in lengtid has multiple biological
functions such as lysis of red blood cells andrdesibn of cell lines, evoking a fluid
secretory response in ligated intestinal loop nm®deld causing lethality in mice
(Chopraet al, 2000). Act increased cAMP production in macrg@saalong with
PGE2 and promoted fluid secretion in animal mod&ts$.upregulates the production
of proinflammatory cytokines and antiapoptotic piot Bcl-2 and activates
arachidonic acid metabolism in macrophages and nytes (Chopraet al, 2000).
Alt is heat labile at 56° C, it is a single 44 kpalypeptide chain which elevates
cyclic AMP and prostaglandin levels in Chinese hamsvary and intestinal
epithelial cells and caused fluid accumulationahileal loops (Alberet al, 2000).
Ast is a single 44 kDa polypeptide chain that isthgtable at 56° C, and which
evoked fluid secretion in small intestine of ratel&aAMP levels in mucosal cells
(Chopraet al, 1994). McCardelet al (1995) purified an Ast-like toxin, not related
to cholera toxin and do not increase cAMP, CGMIPGE?2 levels in CHO cells, but

it does cause fluid accumulation in infant mice.

Therefore, a number of studies reported charaetesiz of these factors for
their physico-chemical and biological properties wasll as characterization of
Aeromonasisolates for their virulence potential from diversources. Over time,
analyses of results of these and similar studiese Heelped associating various
phenotypes of Aeromonads epidemiologically in retato their sources, biotypes
and disease processes in human and animals. Hgveesignificant breakthrough in
understandinderomonadiology came with the application of newer molecubols

in Aeromonasesearch.
2.8 Molecular Characterization

Discovery of newer molecular tools to charactenmhogenic microbes

enabledAeromonasresearchers to describe submicroscopic event#enomonas
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biology more vividly. The major areas where apgiaa of molecular techniques
imparted profound impacts includédromonasystematics, virulence, epidemiology

and typing of isolates.

Taxonomic classification of Aeromonads conventiphalbased on
biochemical properties. However, with the applimatof DNA-DNA hybridization
and polymorphism studies of 16S rRNA gene, enoughogenetic depth within the
group was obtained which catapulted them from tpe@vious location under the
family Vibrionaceaeto a new familyAeromonadaceagColwell et al, 1986; Kuijper
et al, 1989b; Martinez-Murcieet al, 1992a; 1992b). Yaneet al. (2003) after
studying the polymorphism of the housekeeping ggyeB, confirmed the new
phylogenetic position of Aeromonads. Again, the nidfcation of individual
Aeromonasspp. based on standard biochemical fingerprirtiange often been pitted
with controversy. Moreover, identification of newapecies within the genus
complicates the problem. However, two studies (8bet al, 1997; Figuearast al,
2000) came up with a scheme of species identifindbased on restriction fragment
length polymorphism (RFLP) profile of 16S rRNA genéet, the scheme may
reportedly lead to possible misidentification Aéromonasspp. (Graf, 1999). A
number of studies utilized molecular toolsz, cloning, sequencing etc. to
characterize virulence properties of Aeromonads idedtified the genes encoding
various virulence factors eg. aerolysin, haemolysimterotoxin etc. (Howardt al,
1987; Cahill, 1990b; Hironet al, 1992; Anguiteet al, 1993; Chopraet al, 1993,
Wonget al, 1998; Xuet al, 1998). Findings of these and similar studiessiea a
number of studies to characteri2eromonasisolates for distribution of virulence
genes (Wanet al, 1996; Granunet al, 1998; Heuzenroedet al., 1999; Ormen and
Ostensvik, 2001; Gonzalez-Rodrigustzal, 2002; Rahmaset al, 2002; Sechet al.,
2002; Soleret al, 2002; Abdullahet al, 2003; Castro-Escarpulket al, 2003;
Ullimannet al, 2005;). As Alberet al (2000) suggested that variation in distribution
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of potential virulence genes amowWgromonasisolates might contribute to their
degree of virulence, these studies contributedssessing the virulence potential of
Aeromonads from different parts of the world andpbkd in understanding the

epidemiology ofAeromonasnfections.

A multiplex PCR was developed by Kingoméieal. (2010) for the detection
of cytotoxic @ct), heat-labile &lt), and heat-stablea¢)) enterotoxin genes in
Aeromonasspp. A total of seven gene pattern combinationsewancountered,
includingact, alt, act/alt, act/alt/ast act/alt/Z148-bp ampliconalt/ast andalt/148-bp
amplicon. Thealt gene was detected with 34 reference strains (97#b)oacurred
singly in 14% of these strains. The frequency a@uoence of thact/alt, act/alt/ast
and alt/ast gene patterns in reference strains was 14 (40%%%@, and 2 (6%),

respectively.

Another area oAeromonagesearch where recent technologies put a dent is
the epidemiological typing okeromonassolates. Various techniques viz pulsed field
gel electrophoresis (PFGE) of genomic DNA, ampgiififragment length
polymorphism (AFLP), randomly amplified polymorpHidNA (RAPD) polymerase
chain reaction (PCR), repetitive extragenic palmdic (REP) PCR, enterobacterial
repetitive intergenic consensus sequence (ERIC),R€S&riction fragment length
polymorphism of 16S-23S intergenic spacer regio®S(23S ISR-RFLP) and
amplified ribosomal DNA restriction analysis (ARADAave been used for typing
Aeromonasisolates (Huyset al, 1996; Oakeyet al, 1996; Talonet al, 1996;
Alavandi et al, 2001; Ciapiniet al, 2002; Soleret al, 2003; Villari et al, 2003;
Szczuka and Kaznowski, 2004). However, RAPD-PCR foaad to be one of the
most useful techniques keeping in view the easeedspcost and discriminatory

power of the procedure (Szczuk and Kaznowski, 2004)
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2.9 Antimicrobial Resistance

One key area that has received litdétention isthe in vitro susceptibility of
Aeromonas species to chemotherapeuticagents (Janda and Abbott, 1998).
Surprisingly, very little has changed in thisgard over the intervening years. Only
three major studieslealng with the general susceptibility @&eromonadsto
variousclasses andcombinationsof antimicrobialagents havebeenpublished
since 1998 and in only two of thesevestigationshave susceptibility data been
reportedfor Aeromonasspeciesother than A. hydrophila A. caviag and A.
veronii bv. sobria(Kampferet al, 1999; Overman and Janda, 1999). Much of the
susceptibility information on Aeromonads is based solely upon these three major
speciesassaiated with human disease, and it is not @ntirclear whetherthose
patternscan beextrapolatedio other less frequentlyencounteredtaxa causing
illness (Overman and Janda, 1999). The overalsceqtibility profile for the
genus Aeromonagioes not appear to have changed appreciably frbat was
recordedin studies conducted between the mid-1980s mndt1990s. Inducible
chromosomal 3-lactamases are still thanajor resistance factors for most
Aeromonads, although expresion of metalloB-lactamases active against
carbapenemss also a concern (Janda, 2001; Zhiyetgl, 2002). Although long
recognized as sapid grower, consensus guidelines for the testingntlequently
encountered pathogeniscluding Aeromonasand Plesiommas have just been
published by the Clinical andaboratoryStandards InstitutéCLSI) (Jorgensen
and Hindler, 2007). CLSlecommendsghe useof cation adjusted Mueller-Hinton
broth for MIC microdilutiontesting, whileMueller-Hinton agar isrecommended
for disk diffusion testing (Jorgensen and Hindler, 2007). CH8tumentM-45A
provides intermpretive criteria for disk diffusion and MIC testing for thiree
primary species plusA. jandaei and A. schubertii (Clinical and Laboratory

Standards Institute, 2006)However, this guideline cautions that most currently
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available susceptibility data are based upon studpesrformedon the three

predominanspecies only.

Several other general conclusions can be drawrrdiegahe susceptibility
patternsof Aeromonasspecies. The use dfifferent methods to assess MICs for
Aeromonadsdoes not appedpo influence interpretationof susceptibility, for the
most part(Kampferet al, 1999. The singular exception to this rule may be in the
interpretation of susceptibility status in regards to antifolat@simethoprim,
sulfonamides, trimethoprim-sulfonamide combination®y certain p-lactamase—
inhibitor combinations,including amoxicillin-clavulanic acid (Zhiyonget al.,
2002). The susceptibility status @feromonasisolatesfor therapeuticallyactive
drugs also appears to loedependenbf species designation. Such a conclusion
takes intoconsideratiorthat mostA. trota strains are susceptible to ampicillin yet
use of this p-lactam is contraindicatedin regards totreatmentof Aeromonas
infections. While some species-specific suscejtjibdlifferences have been found
in select studies, these results shdudcconsideregreliminary at present (Kampfer
et al, 1999; Overman and Janda, 1999).

One characteristic of motile Aeromonads, with exceptiorAoftrota A.
media and A. eucrenophila is universal resistance to ampicillin (Ormen and
Ostenvik, 2001). Mounting concerns worldwide overeggence of drug-resistant
superbugs have been related to extensive use of antiaisran intensive animal
husbandry and aquaculture practices (Vivekanandaal, 2002; WHO, 2000).
These concerns are reflected in a number of studipsrtieg multiple drug
resistance in Aeromonads isolated from diverse souketyl(et al, 1985; Grayet
al., 1990; Moritaet al, 1994, Pettibonet al, 1996; Soret al, 1997; Alavandet al,
2001; Vivekanandhaet al, 2002; Radwet al, 2003). The problem of multi-drug

resistant Aeromonads are more intricate in developatigpms like India and other
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South east Asian countries (Sehal, 1997; Vivekanandhaat al, 2002), where
regulatory controls of antibiotic usage are oftar (WHO, 2000).Furthermore,
thereappears to be significant differences in the qisshities of Aeromonaddo
antimicrobialagents based upon origin igblaion (clinical versugenvironmental),
although certainly morstudes need to b@erformedin this area (Kampfeet al.,
1999).
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Chapter-3
MATERIALS AND METHODS

3.1 Bacterial Strains

Three reference strains éferomonashydrophila were used in the present
study. TheA. hydrophilastrain ATCC 7966 was procured from Hi-Media, Mummba
The other two standard strains Af hydrophila(MTCC 646 and MTCC 696) were
kindly provided by Dr. Jatinder Paul Singh Gill,o0Rcum-Head Department of
Veterinary Public Health, College of Veterinary &we and Animal Husbandry,
Guru Angad Dev Veterinary and Animal Sciences Ursifg-Ludhiana, Punjab. The
standard strains dacillus cereusiz ATCC 14579, NCTC 11143 and NCTC 11145
andEscherichia coliMTCC 433 strain available with the division wetscaused in
the study. The isolates were maintained on nutraegdar slants by subculturing
fortnightly for purity and viability.

3.2 Sampling

A total of 609 samples comprising human diarrhealter and food samples

were collected for isolation and identificationAgromonaspp. (Table 1).
3.2.1 Water Samples

A total of 182 water samples comprising drinkingteva(87), water from
rivers and streams (38), Dal Lake (12), inlet wataurce of fish ponds (19) and fish
ponds (26) were collected in sterile plastic vialhie samples were processed

immediately after collection.
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Table-1: Detail of Samples Collected

Sample Collected Source of Sample Number of Samples
Collected
Water Samples Drinking Water 87
Rivers and Streams 38
Dal Lake 12
Fish Ponds 26
Inlet sources to fish ponds 19
Subtotal 182
Fish Samples Retail Fish Markets, 120
Government Fish Farm 33
Private Fish Farms 20
Subtotal 172
Raw Meats
Mutton Retail shops 83
Chicken Retail shops 57
Beef Retail Shops 31
Subtotal 171
Human Diarrheal Samples Government Hospitals 47
Referral Clinics 36
Subtotal 83
Grand Total 609
3.2.2 Fish

The swabs were taken aseptically from gills of f$R0) from different fish
markets of Srinagar City. The samples were alsertdkom government (33) and

private (20) fish farms of Srinagar city and prasssimmediately after collection.
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3.2.3 Raw Meat

One hundred and seventy one raw meat samples cngpihicken (57),
mutton (83) and beef (31) were collected from défe retail shops in and around
Srinagar city. Approximately 30 gm of each of tlepresentativeneat sample was
collected in a UV irradiated plastic zip lock satshand brought to laboratory and

processed immediately for the isolation and ideraifon ofAeromonaspp.
3.2.4 Human Stools

Eighty three stool samples were collected fromdebkih less than 6 yrs of age
presenting symptoms of diarrhea. The sampling wase dorior to initiation of
antibiotic therapy, if any. The samples were caddcfrom different government
hospitals (Sher-e-Kashmir Institute of Medical &cies-Srinagar and Government
Medical College-Srinagar) and referral clinics oin&gar City. The stool specimens
were collected in sterile plastic vials and proedssnmediately after collection for

isolation ofAeromonaspp.
3.3 Isolation and identification ofAeromonas spp.

The isolation and identification ofAeromonasspp. was done as per the
standard microbiological procedures of Havektaal (1987) and Janda and Abbott

(2010), with suitable modifications.
3.3.1 Isolation.

The food samples (raw meat and fish) were enridheduffered peptone
water (Kingombeet al, 2010). The enrichment of water and diarrhealpaswas
carried in alkaline peptone water (Havelatral., 1987). Briefly, 5 g of raw meat

sample was enriched in 20 ml of buffered peptonéewand fish samples were
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enriched in 10 ml of buffered peptone water. Théewaample (5 ml) was dissolved
in 20 ml of alkaline peptone water and the diacrssimples were dissolved in 10 ml
of alkaline peptone water. All the samples wer&ahy enriched at 2& for 18 hr,
after which enrichment was done 8C4or 4-6 hr. A loopful of enriched broth was
inoculated onto two plates of ampicillin dextrinaagHavelaaret al, 1987), one
plate was incubated at 28°C and other at 35°C8ek4Lhr. The presumptive isolates
of Aeromonasspp. were preserved on nutrient agar slants amedstat 4C till

further processing.
3.3.2 Identification and Speciation.

The presumptive isolates were tentatively assigonegenusAeromonason
the basis of oxidase, catalase and nitrate prashyctiesistance to O/129 (2, 4-
diamino 6,7diisopropylpteridine), production of ddrom D-trehalose, inability to
utilize malonate and fermentation of inositol, Dloge and dulcitol (Ottaviaret al.,
2006).

For speciation, array of biochemical tests wereiedy including hydrolysis
of esculin, production of lipase, indole, methyt rand Voges-Proskauer, citrate
utilization, production of acid from L-arabinosegllobiose, lactose, glycerol,
mannitol, rhamnose, salicin, sorbitol and sucrgseduction of acid and gas from
glucose, hydrolysis of urea, susceptibility to acifn (10 pg), motility test and
lysine decarboxylase, ornithine decarboxylase aguhiae dihydrolase tests (Abbott
et al, 2003; Martin-Carnahan and Joseph, 2005; Jandl@hBhott, 2010). For better
discrimination of the strains at the phenospeciesel|l recently proposed
supplementary biochemical tests (Beaz-Hidadgaal, 2010) i.e. growth at 42°C,

acid production from melibiose, hydrolysis of starand gelatin, k5 production
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from cysteine p-haemolysis on sheep blood agar and motility inisel agar at

37°C were done.
3.4 Molecular Characterization

Molecular characterization of Aeromonads involvdénitification of genus
and species by Polymerase Chain Reaction, studynalbcular epidemiology
(RAPD, ERIC and RFLP) anih-vitro virulence characterization (enterotoxin gene

profile) of isolated Aeromonads.
3.4.1 Preparation of DNA template by boiling and sap chilling method.

The cultures were inoculated in 5 ml buffered paptwater and incubated at
28°C for 18 hr. Cells were collected from 1 ml of cu# broth by centrifugation at
5000 rpm for 3 minutes. The pellet was washed omitle 500 pl sterile double
distilled water and resuspended in 100 pl sterdebte distilled water. The micro-
centrifuge tubes were kept in boiling water bath 6 min and then in crushed ice
for 20 min. The chilled samples were then centefiigt 6000 rpm for 5 min and the

supernatant was collected which served as template.

Alternately the individual colonies from Luria Aganedium were and the
individual colony was dissolved in 150 pl sterileuthle distilled water and boiled
for 10 min and then kept in crushed ice for 20 mimrmicrocentrifuge tubes. The
tubes were then centrifuged at 6000 rpm for 5 mith the supernatant collected was

used as template.

Purity of the extracted DNA was checked by agageeelectrophoresis and
concentration was checked spectrophotometriallye @ucrolitre of extracted DNA

was diluted in 1 ml of sterile double distilled watand the optical density was
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measured at 260 nm and 280 nm against sterile ealibtilled water blank. The
purity of the sample was estimated by determinimgratio of absorbance at 260 nm
and at 280 nm. For a reasonably pure sample tie siaduld be 1.65 to 1.85. The

DNA extracted from isolates was stored at’@@ll further use.
3.4.2 Genus specific PCR

The PCR primers used for amplification of DNA fragmis containing the
16S+23S intergenic spacers were selected from segsecorresponding to the
conserved region of 16S rDNA and the 50 region38 PDNA described previously
(Konget al, 1999).

3.4.21 PCR amplification

Approximately 3 pl of template DNA was used forRP@mplification of the
16S+23S ITS regions. In a final volume of 50 uk teaction mixture consisted of
1X PCR buffer (20 mM Tris HCI pH 8.4, 50 mM KCI),5lmM MgCh, 200 uM of
each dNTPs, 0.2 uM of each primer (forward 5’GGAAACTTGGCGAAAAC3'
and Reverse 5’GGTTCTTTTCGCCTTTCCCT3') and 2 Urafl DNA polymerase
(MBI-Fermentas). The PCR profile in a Gene Cyclé&pglied Biosystems-
Singapore) was 35 cycles, of denaturation, anngalimd extension at 94°C for 1
min, 60°C for 1 min and 72°C for 1 min, respectweélhe program also included a
preincubation at 94°C for 2 min before the firstleyand incubation at 72°C for 3
min followed by cooling at 4°C after the last cydRCR products were analyzed by
gel electrophoresis in 1.5% agarose (SRL) stainéd ethidium bromide (5 pg/ml).
Gene Ruler 100-bp DNA Ladder (MBI Fermentas) wasduas a molecular size

standard to estimate the size of amplified products
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3.4.3 Speciation by Restriction Fragment Length Pgmorphism (RFLP)

The speciation was also done by restriction fragnhength polymorphism
(RFLP) of PCR-Amplified 16S rRNA gene as describgdBorrellet al (1997)

3.4.3.1 Restriction Fragment Length Polymorphism ofl6S rRNA gene.

The marked heterogeneity and incongruity betweemetypic and genomic
identification of Aeromonads lead to the applicataf RFLP. Computer analysis of
the 16S rRNA gene sequencesA@romonasspp. revealed that restriction fragment
length polymorphism of the PCR-amplified 16S rRNéng can be a good and rapid
way of assessing the identities of all known speceAeromonasand also in the

epidemiological investigations (Borret al, 1997; Soleet al, 2003).
3.4.3.1.1 Amplification of 16S rRNA gene.

The amplification of 16S rRNA gene was carried asthe method described
by Borrellet al (1997) with some modifications. A final volume & pl containing
1X PCR buffer (50 mM KCI, 10 mM Tris-HCI pH 8.0),5LmM MgCh, 0.2 mM of
each dNTP (MBI-Fermentas), 2 U ®aq DNA polymerase (MBI-Fermentas), 2 ul
of template DNA and 10 picomoles of each primen®se and Forward) was used
for every reaction (Table 2). PCRs were performedaithermercycler (Applied
Biosystems, Singapore) under the following cychoditions: denaturation at 93°C
for 3 min, followed by 35 cycles at 94°C for 1 ms6°C for 1 min and 72°C for 2
min. After the final cycle, extension at 72°C wdbwed for 10 min. Negative
controls with no template DNA were also includedewery set of reactions. The
amplified products were checked for amplification1i% agarose gel, stained with
ethidium bromide (5pg/ml) and remaining PCR prodwetre precipitated, dried and

resuspended in 25 pl of sterile double distilledena
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3.4.3.1.2 Endonuclease digestions.

Enzymatic digestions were performed as per the odetlescribed by Borrell
et al (1997) with slight modifications. The amplifiedogluct (5 pl) was mixed with
5 U Alul and Mbol enzymes (MBI-fermentas) and 2 pl of the correspog 10X
buffer (buffer Tango foAlul and buffer R foMbal) in a total volume of 20 pNarl
and Hadll (buffer R for Haell and buffer Tango forNarl) were added to
differentiateA. salmonicidadrom A. encheleiaThe reaction mixture was incubated
overnight at 37°C. Aliquots of 10 pl of each regtan reaction mixture were mixed
with 2 pl of loading buffer (0.25% bromophenol bl@25% xylene cyanol, 30%
glycerol), and the mixture was electrophoresed @¥%magarose gel (SRL) in 1X
TAE (Tris Acetate EDTA) buffer. Gels were stainedthwvethidium bromide (5
pg/ml) and photographed on a UV transilluminatoel(®iosciences). The low
range gene marker (MBI-Fermentas) was used as ecolal size reference (in base
pairs) to detect molecular size of the fragmentsiobkd.

3.4.4 Molecular Epidemiology

The molecular epidemiology and genetic diversitysvsaudied at whole genomic
level by random amplification of polymorphic DNA-{gmerase chain reaction
(RAPD-PCR) and enterobacterial repetitive intergermgsonsensus sequences
polymerase chain reaction (ERIC-PCR) as descrilieelwbere (Versaloviet al,
1991) with needful modifications.

3.4.4.1 Rapid Amplification of Polymorphic DNA RAPD) PCR

A short random sequence of were designed in theemustudy for RAPD
PCR studies. For RAPD typing the primers used aserbed in Table 2. RAPD-
PCR mixtures had a final reaction volume of 50 jithvslight modifications. The
reaction mixture consisted of 5 pl of 10X reactluffer [750 mM Tris-HCI (pH
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8.8), 200 mM (NH), SQ, 0.1% Tween 20], a 250 uM concentration of each
deoxynucleoside triphosphate (dNTPs), 30 pmol oher, 3.75 mM MgC, 3 pl of
template DNA and 2 U ofaq polymerase (MBI-Fermentas). The reaction mixture
was denatured at 94°C for 1 min and then subjectétd cycles of denaturation at
94°C for 1 min, annealing at 36°C for 1 min, antkasion at 72°C for 2 min and 15
cycles of denaturation for 1 min at 94°C, anneaforgl min at 36°C and extension

for 3 min at 72°C with a final extension for 2 nah72°C.

Aliquots of 10 ul of amplified product was mixedtwi2 pul of loading dye
(0.25% bromophenol blue, 0.25% xylene cyanol, 3096egol) and the mixture was
electrophoresed in 1.5% agarose gel in 1X TAE buffée gels were stained with
ethidium bromide (5 pg/ml) and visualized on a Uyght transilluminator. Gene
Ruler 100 bp DNA Ladder Plus (MBI-Fermentas) wasdugas a molecular size

standard to estimate the size of amplified products

3.4.4.2 Enterobacterial Repetitive Intergenic @nsensus Sequence (ERIC)-
PCR

The ERIC-PCR method utilizes primers complementaryenterobacterial
repetitive intergenic consensus (ERIC) sequencesbaiterial genomic DNA
(Versalovicet al, 1991). The reaction mixture consisted of 1X tieacbuffer [750
mM Tris-HCI (pH 8.8), 200 mM (Nk), SQ,, 0.1% Tween 20], a 250 uM of each
dNTPs, 50 pmole of each primer (Table 2), 3.75 mgQd{4, 5 pl of template DNA
and 3 U ofTaqg polymerase (MBI-Fermentas) and reaction volume mgul® 25 pl
with sterile double distilled water. The reactioixture was denatured for 7 min at
95°C in a thermocycler (Applied Biosystems) andntiseibjected to 30 cycles of
denaturation for 30 s at 90°C, annealing for 1 atirb2°C, extension for 8 min at

65°C and a final extension for 16 min at 65°C.
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Table-2: Primer Sequence used for RFLP, RAPD and ER-PCR

PCR Primer Sequence (5-3) References

RFLP RHOIC | GGTTACCTTGTTACGACTT (1997)

RAPD-PCR RAPD 1 | CTACGCATGC This Study

ERIC IR | ATGTAAGCTCCTGGGGATTCAC| \/arsalovicet

ERIC-PCR
ERIC2 | AAGTAAGTGACTGGGGTGAGCG al-, (1991)

The amplification products were electrophoresed.b% agarose gel in 1X
TAE. Gene Ruler 100-bp DNA Ladder Plus (MBI-Fernz)twas used as a
molecular size standard. The gels were stained etitidium bromide, visualized on
a UV light transilluminator. For constructing deadrams the unweighted pair group
method with average linkages (UPGMA) using NTSY Sper,. 2.1. software was
used.

3.5 Virulence Characterization

Thein-vitro andin-vivo virulence characterization of isolated Aeromoneaissisted
of molecular detection of enterotoxin genes, anslpé hemolysis on sheep and

rabbit blood agar and skin vasopermeabilty readgtiaabbits.
3.5.1 Detection of enterotoxin genes

A multiplex PCR was carried out targeting thrAeromonasenterotoxin
genes namely cytotoxic enterotoxiacf), cytotonic heat labileaft) and cytotonic

heat stable enterotoxiagl) genes.
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3.5.1.1 Designing of PCR primers for enterotoxigenes.

Novel primers were designed using Primer3 softveer@lable on line with
national centre for biotechnology information (NGBdnd the specificity was
checked by online BLAST (basic local alignment skaool). For the amplification
of the heat-labile cytotonic enterotoxialt) gene (Figuerast al, 2005), the design
of the unique primers (ALTF and ALTR) was basedlmnlarge open reading frame
(ORF) sequence (position 339 to 914) of the hydrophila altgene (GenBank
accession number DQ302128.1). For the amplificatibthe heat-stable enterotoxin
(as) gene (Choprat al, 1994), the primers (ASTF and ASTR) were desidresed
on ORF1 (position 44 to 259) of the heat-stabletoytic enterotoxingst gene inA.
hydrophila (GenBank accession number JQ003210.1). For theifesapbn of
cytotoxic enterotoxin gcf) gene, the design of the unique primers (ACTF and
ACTR) was based on ORF1 (position 268 to 1086\ .ofiydrophilaaerolysin gene
complete cds (GenBank accession number HQ42562Bh&).characteristics of the
primers used in this multiplex PCR are describedlable 3. The primers were

synthesized by the Operon.
3.5.1.2 PCRAmplifications

The multiplex PCR reaction was performed in a firggction volume of 50
pl containing 5 pl of template DNA, 1X PCR buffdlOmM Tris-HCI pH 8.3 and
50mM KCI), 1.5 mM MgC}, 200 uM of each dNTP, 3 Uaq DNA Polymerase and
1 puM each primer. PCR reaction was carried out harrhocycler (Applied
Biosystems, Singapore) with initial denaturatior@&tC for 5 min followed by 35
cycles of 94C for 1 min, 66C for 1 min, 72C for 1 min and a final extension of
72°C for 10 min. The amplicons were separated on agagel (1.5%), applying 5-6

Volts/cm and sizes were estimated using 100 bp Dddder (MBI-Fermentas).
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Table-3: Primer Sequence of Enterotoxin Genes

Target . Length | Product size
P 1 1
Gene rimer Sequence (5-3) (bp) (bp)
ACTF CCGGGCTCGGCGTCCAATAC 20
act 819
ACTR CCAGTTCGGGCGGTTGTCCG 20
ALTF GCACGGCGTGACTTCGGTGA 20
alt 576
ALTR ACCGCGGTCTTGCAGTTGGG 20
ASTF CGCCATCAACAGCTCGCCCA 20
ast 216
ASTR CGGGCCTCGTTGAGGAAGCG 20

3.5.2 Hemolysin Production

The ability to produce hemolysin by the isolateswested on two different
blood agar media as described by Brenden and JA@8¥). Ten microlitre of

overnight broth culture was spotted on to trypty sagar plates containing 5%

defibrinated sheep blood agar or on to 5% defibethaabbit blood agar. Plates were

incubated at 3T for 24-72 hr and observed for appearance of zohkeemolysis.

3.5.3 Vasopermeabilty Reaction in Rabbit

The in-vivo virulence characterization was studies by skiropgasmeability test in

rabbits.
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3.5.3.1 Preparation of cell free extract

Cell free supernatants of the isolates were préepa® per the method
described by Gragt al. (1990) with necessary modifications. The organisvese
grown in 5 ml of brain heart infusion (BHI) brothi¢Media) fortified with 0.6%
(w/v) yeast extract and 3% (w/v) cassamino acidloring an incubation of 12 h at
37°C, 50 ml of supplemented BHI broth was inoculateththe initial broth culture
and incubated in a shaker set at 200 rpm & 3&fter incubation of 14-16 hr while
the growth was in mid-log phase the broth cultuvesre transfered to 50 ml
sterilized tubes and centrifuged at 10000 g fon®0 at £C. The supernatants were
filtered through 0.22 um membrane filters (Sarteri@ermany). Sterility of the each
preparation was checked by streaking onto nutagar and incubating at %7 for
24 hr. The pH of the filtrates was checked and fte## extracts were stored at °20

till further use.

3.5.3.2 Vascular permeability reaction:

The toxigenicity of Aeromonas enterotoxins was studied by vascular
permeability reaction (VPR) in Rabbit skin as ger imethod described by Ljungh
al. (1982) with slight modifications. About 0.05 nfl@ncentrated enterotoxin from
standard and the representative isolates was @gjectradermally into clean shaved
abdominal area of two adult rabbits. Adjacent testh sites, an equal amount of
concentrated enterotoxin obtained from theromonasspp under study was also
injected. Filtrate of uninoculated RCB was alsceatgd adjacent to these sites as
control. After three hours of inoculation, 2.5 nil@25 percent trypan blue dye in
normal saline solution was injected I/V into the gain of each of the rabbit. An
hour after the administration of the dye, vascplrmeability reactiomnvas observed

as zones of light and dark blue areas surroundiegpbint of inoculation. Gross
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observations like intensity of color change, preseaf oedematous area, necrosis
etc. were also recorded at varying time interval8, & and 12 hrs post inoculation.

3.6  Sequencing of Enterotoxin Genes

The enterotoxin genes amplified in the current ytwdre sequenced for any

possible variability in the sequences of the arsaifegion.
3.6.1 Purification of PCR product of amplified ent@otoxin genes

The enterotoxingenes ofAeromonaswere amplified in bulk and the PCR
products were analyzed on low melting agarose #§§&1%) containing ethidium
bromide (5 pg/ml). The gel slice containing DNAgdnaent of interest was excised
with sterile Baird Parker (BP) blade and place®iml microcentrifuge tube. The

DNA from the gel slice was extracted by two methatisch are given here under:
3.6.1.1 Phenol extraction method

The cut fragment was melted at 72°C and volumemsade up to 300 pl with
TE pH 8.0. The mix was added with 11the volume 5M NaCl and re-melted at
72°C. Equal volume of tris saturated phenol (wtgbbuld be at room temperature)
was added, vortexed. The vortexed mixture was laptice for 1 min and
centrifuged at 14000 rpm for 10 min at room tempem The supernatant after
centrifugation was collected and the phenol layas we-extracted with 100 ul TE
(pH 8.0) and aqueous phase was pooled. To the agupbase 2 volumes of
isopropanol was added and vortexed. The mixture keas at -20°C for 1 hr and
centrifuged at 12000 rpm for 15 min at 4°C. Theesoptant was discarded without
disturbing the pellet. The pellet was washed withp@r cent alcohol at 10000 rpm
for 5 min. The supernatant was carefully discaraled the pellet was dried. Finally

the pellet was dissolved in 20 pl of sterile Milliater and purified product (5 pl)
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was checked on agarose gel (1%) carrying 100bpetadiihally the purification and
concentration was checked photometrically in Naapdr

3.6.1.2 Elution through column

The DNA was purified using AuPreP gel extraction (kife Technologies
India Pvt. Ltd.). Briefly the procedure is 200 mfgel slice was placed in 2 ml of
micro-centrifuge tube and 0.5 ml of GXE buffer wadded to it and incubated at
60°C in water bath for 10 min until the gel was ptetely dissolved. The tube was
inverted after every min during incubation and ¢@ mixture was cooled down to
room temperature. Gel column was placed on to kaan tube and 0.7 ml of
dissolved gel mixture was loaded into the colurhentcentrifuged at 5000 rpm for 1
min and the flow was discarded, this step was tegaantil completion of rest of the
gel mixture. The column was washed once with 0.5 ahl WS buffer by
centrifugation for 1 min and then again centrifugedanother 1 min at high speed
to remove residual ethanol. Now column was plaged oew 2 ml micro-centrifuge
tube and 50pul of elution buffer was added on todbetre of membrane and then
allowed to stand for 2 min at room temperaturevds then centrifuged for 1 min to
elute DNA. Finally the concentration of pure DNAswehecked on Nanodrop.

3.6.2 Sequencing of enterotoxin genesst, alt and ast) gene

After purification the PCR amplicons were sequengsithg automated dye-
terminator cycle sequencing method with Ampli Ta$yAD polymerase in ABI
PRIZM 377 DNA sequencer (Perkin-Elmer). The fragtaemere sequenced at least
twice with each primer to reduce possibility of sencing artifacts. Online similarity
searching was performed with BLAST (Basic Local ghlinent Search Tool) in
GenBank.
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3.7  Antimicrobial Sensitivity Test

All the isolates were examined for their antibiosiasceptibility/resistance
pattern by disc diffusion technique as describedBhayeret al (1966) against a
panel of 20 antibiotics (Table 4). Briefly isolategre grown in nutrient broth at
37°C for 16 hrs. Individual broth cultures were smeéava the Mueller-Hinton (MH)
agar plates with the help of sterile cotton swatates were allowed to dry for few
minutes, antibiotic discs (Hi-Media) were placed thre agar surface within 15
minutes of inoculation of plates and were incubamarnight at 37C. The
sensitivity or resistance of an isolate for a gatar antibiotic was determined by
measuring the diameter of the zone of inhibition ggbwth. The result was
interpreted as sensitive or resistant based onic@lirand Laboratory Standards
Institute(CLSI) interpretive standards (Jorgensen and l¢m@007).
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Table-4: Various Antimicrobial Agents used and thai Respective Concentration

S. No. Name of Antimicrobial agent Concentration (pg/disc)
1. Amoxycillin (Am®°) 30
2. Ampicillin (A9 10
3. Ampicillin/Cloxacillin (Ax*?) 10
4, Ceftazidime (C¥) 30
5. Cephalexin (CP) 30
6. Ceftriaxone (CTE) 10
7. Ciprofloxacin (CE°) 30
8. Doxycycline (D39 30
9. Enrofloxacin (EX%) 10
10. Erythromycin (E°) 15
11. Gentamicin (&°) 10
12. Kanamycin (K°) 30
13. Neomycin (N°) 30
14. Norfloxacin (NxX©°) 10
15. Ofloxacin (OPF) 5
16. Polymyxin-B (PB%) 100
17. Roxithromycin (R&%) 30
18. Streptomycin (¥) 10
19. Sulphadiazine (S2% 300
20. Tetracycline () 30
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Chapter-4
EXPERIMENTAL FINDINGS

The present study was undertaken to study the leres@ and antibiogram of
Aeromonads in foods of animal origin, water and handiarrheal samples. The
molecular epidemiology anth-vitro and in-vivo virulence characterization of the

isolatedAeromonaspp. was also studied.
4.1 Prevalence ofAeromonas spp. in samples from different sources.

Of the 609 samples comprising water (182), fisi2j1¢hicken (57), mutton
(83), beef (31) and human diarrheic stools (83eewmed for the presence of
Aeromonasspp., 155 samples were positive, with an ovenal/glence percentage
of 25.45 (Table 5).

Out of a total of 182 water samples collected frdifferent sources, 48
(26.37%) were positive for the presenceAeromonasspp. (Fig. 1). The organism
was also recovered from 12 of the 87 drinking wa@mples with a prevalence
percentage of 13.79. Ten (26.31%) out of 38 waderpdes from rivers and streams
were also found contaminated witeromonasspp. Likewise, 3 (15.78%) samples
from the inlet water source supplying the fish ponaere contaminated with
Aeromonads. Water samples from the fish ponds, ftewewere highly
contaminated witbtAeromonasspp. where 18 (69.23%) out of a total of 26 sample

revealed the presence of the organism under sTudyresults are presented in Table
5.

Aeromonaspp. also contaminated raw meats of all kinds ustlgty and the
percentage of contamination for chicken, mutton lbeef samples was 14.03, 22.89

and 19.35, respectively. Fish samples collecteah fretail fish markets were
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Table-5: Prevalence ofAeromonas spp. in Samples from different Sources.

No. Positive for Per cent
Nature of the Sample No. Tested ' Positive for
Aeromonas spp. A
€romonas spp.
Water Samples
Drinking Water 87 12 13.79
Rivers and Streams 38 10 26.31
Dal Lake 12 5 41.67
Inlet source to Fish Ponds 19 3 15.78
Fish Ponds 26 18 69.23
Subtotal 182 48 26.37
Fish Samples
Retail Fish Markets 120 53 44 .17
Fish Farms
Government 33 9 27.27
Private 20 6 30.00
Subtotal 173 68 39.30
Raw Meats
Mutton 83 19 22.89
Chicken 57 8 14.03
Beef 31 6 19.35
Subtotal 171 33 19.29
Human diarrheal samples
Government Hospitals 47 4 8.51
Referral Clinics 36 2 5.55
Subtotal 83 6 7.23
Grand Total 609 155 25.45
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Fig. 1. Prevalence oAeromonas spp. in different samples

Water Fish Mutton Chicken Beef Diarrheal

samnles




contaminated to an extent of 44.17% whereas, sanfifge government and private
fish farms revealed lesser percentage of contammabf 27.27 and 30.00,
respectively. In fish samples the overall percemtpgevalence oAeromonasspp.
was 39.30.

Of the 83 human diarrheal samples screened, 6 foare positive for the
presence ofAeromonasspp., with an overall prevalence percentage of2.7.2
Prevalence was higher in patients from governmergpitals (8.51%) than the

referral clinics (5.55%).

4.2. Different Aeromonas spp. identified.

The isolates showed typical smooth and yellow remlo colonies on
Ampicilin Dextrin Agar (Plate 1). Biochemical schemproposed by Abbott al
(2003), Martin-Carnahan and Joseph (2005) and Jand&bbott (2010) was used
to identify all the isolates oReromonasrecovered from different sources to the
species level (Plate 2).A. hydrophila(23.87%) was the most common species
isolated, followed byA. caviae (20.64%), A. veronii bv sobria (18.06%), A.
salmonicida(8.39%),A. popoffi(6.45%),A. trota (5.16%),A. schubertii(3.87%),A.
jandaei (2.58%) andA. allosaccharophila(2.58%). However, 13 (8.39%) isolates
could not be identified to species level and wetentified to generic level only
(Table 6, Fig 2).

4.2.1 Water

In all, 48 isolates were recovered from water bick 15 were identified as
A. hydrophila 12 asA. caviae 8 asA. veroniibv sobrig 5 asA. salmonicida2 each
as A. trota and A. popoffiiand 1 isolate a#\. schubertii The 3 isolates could,

however, be identified to the genus level only. Témults are presented in Table 7.
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Plate-1: The colony characteristics of Aeromonas spp. on
ampicillin dextrin agar

Plate-2 : Gram’s Staining ofAeromonas hydrophila



Table-6: Distribution of Aeromonas spp. in Samples from different Sources.

Species Water Fish Mutton  Chicken  Beef Stool Total
A. hydrophila 15 13 3 2 2 2 37
(23.87)
A. caviae 12 6 5 3 2 4 32
(20.64)
A. veroniibv 8 13 4 2 1 Nil 28
sobria (18.06)
A. salmonicida 5 8 Nil Nil Nil Nil 13
(8.39)
A. popoffii 2 8 Nil Nil Nil Nil 10
(6.45)
A. trota 2 4 2 Nil Nil Nil 8
(5.16)
A. schubertii 1 4 Nil 1 Nil Nil 6
(3.87)
A. jandaei Nil 3 1 Nil Nil Nil 4
(2.58)
A. Nil 2 2 Nil Nil Nil 4
allosaccharophila (2.58)
Unidentified spp. 3 7 2 Nil 1 Nil 13
(8.39)
Total 48 68 19 8 6 6 155

Note: The figures in the parentheses indicate #regntages.

In the drinking water samples, the predominant iggeentified wasA.
hydrophila (6) followed byA. veroniibv sobria (4), A. caviae(1) andA. trota (1).
Among 10 isolates recovered from rivers and stre@reach were identified as

hydrophilaandA. caviae and 2 each a&. veroniibv sobriaandA. salmonicida
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Fig. 2: Different Aeromonas species identified from all sources

® A_hydrophila
WA cavias
W A_veronii bv sobria
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B A popoffi
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Table-7: Distribution of Aeromonas spp. in Water from different Sources.

Source/ Drinking Rivers Dal Inlet Fish Total
Species Water and Lake  Sources of Ponds
Streams Fish Ponds
A. hydrophila 6 3 1 2 3 15
(31.25)
A. caviae 1 3 3 Nil 5 12
(25)
A. veroniibv 4 2 Nil Nil 2 8
sobria (16.67)
A. salmonicida Nil 2 Nil 1 2 5
(10.42)
A. trota 1 Nil Nil Nil 1 2
(4.16)
A. popoffii Nil Nil Nil Nil 2 2
(4.16)
A. schubertii Nil Nil Nil Nil 1 1
(2.08)
Aeromonas Nil Nil 1 Nil 2 3
spp. (6.25)
Total 12 10 5 3 18 48

Note: The figures in the parentheses indicate #regntages.
Aeromonasspecies recovered from Dal Lake wéyecaviae(3) andA. hydrophila

(1) while one isolate could not be identified te #pecies level and was assigned the
generic name only. The water source supplyingigiedonds was also contaminated
with Aeromonasspp., with 3 isolates identified a&. hydrophilaand 1 asA.
salmonicida.Samples from fish ponds revealed higher contamoinatith A. caviae
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(5) followed by,A. hydrophila(3), A. veroniibv sobria (2). A. salmonicida(2), A.
popoffii (2), A. trota (1), A. schuberti(1) and unidentifiedheromonaspp. (2).
4.2.2 Foods of Animal Origin

A total of 68 isolates could be recovered from ssimples of which the most
prevalent species wers. hydrophilaand A. veronii bv sobria with a prevalence
percentage of 22.05 and 16.17%, respectively. Ther species recovered from the
fish wereA. popoffii(11.76%),A. salmonicidg11.75%),A. caviag(8.82%),A. trota
(5.88%),A. schubertii(5.88%),A. jandaei(4.41%). Seven isolates, however, could
not be identified (Table 8). Fish samples from itetaarket showed the highest
percentage of prevalence (77.94), whereas samplesgovernment and private fish

farms revealed the prevalence percentage of 13@8.82, respectively (Table 8).

Of the 19 isolates recovered from mutton, 26.31%oacted forA. caviae
Other species contaminating mutton includ&dveronii bv sobria (21.05%), A.
hydrophila (15.78%), A. trota (10.52%), A. allosaccharophila(10.52%) andA.
jandaei(5.26%). Two isolates (10.29%), however, could m@tdentified. In a total
of 8 isolates recovered from chicken, 3 (37.50%ptged toA. caviae 2 each
(25.00%) toA. veroniibv sobriaandA. hydrophilaand 1 (12.50%) té\.. schubertii
Six isolates from beef samples were identified\asaviae(33.33%),A. hydrophila
(33.33%) andA. veronii bv sobria (16.17%). One (16.17%) isolate could only be

identified to the generic level (Table 6).

4.2.3 Human Diarrheic stools

Six isolates were recovered from human diarrheahpdes of which 4
(66.67%) were identified a. caviaeand 2 (33.33%) a&. hydrophila(Table 6).

55



Table-8: Distribution of Aeromonas spp. in Fish Samples from different sources.

Species b Total
Market Govt. Farms Pvt. Farms

A. hydrophila 10 3 2 15 (22.05)
A. veroniibv sobria 8 2 1 11 (16.17)
A. salmonicida 5 3 Nil 8 (11.76)
A. popoffii 8 Nil Nil 8 (11.76)
A. caviae 4 Nil 2 6 (8.82)
A. trota 4 Nil Nil 4 (5.88)
A. schubertii 4 Nil Nil 4 (5.88)
A. jandaei 2 Nil 1 3(4.41)
A. allosaccharophila 2 Nil Nil 2 (2.94)
Aeromonaspp. 6 1 Nil 7 (10.29)
Grand Total 53 (77.94) 9 (13.23) 6 (8.82) 68

Note: The figures in the parentheses indicate #regntages.

4.3  Detection ofAeromonas Genus by Molecular Methods

The phenotypic and genotypic characteristics obA®mads arancongruous
and therefore, for accurate classification of teaug, multiple methods are required.
The methods that are frequently employed with hdggrees of accuracy are

polymerase chain reaction and the restriction fiaginength polymorphism.

A pair of primers was used for confirmation of @penusAeromonagPlate-
3) and among a total of 158eromonasspp. identified phenotypically, the genus
specific PCR detected 153 isolates Agromonas The two genotypically

unidentified isolates belonged Ao salmonicideandAeromonaspp.
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550 bp

100

Plate-3 : Agarose gel (1.5%) electrophoresis showgn16+23S rDNA genus
specific amplified band ofAeromonas spp.

M presents 100 bp plus DNA ladder.

L1, negative controlR. cereusATCC 14579)

L2, A. hydrophila L3, A. veroniibv sobrig L4, A. caviae L5, A. jandaej
L6, A. schubertii

Note: bp indicates base pairs



4.4 Restriction Fragment Length Polymorphism (RFLP)

A combination of two enzymes, endonucleagdsl (AGCT) and Mbal
(GATC) was used to cleave the amplified 16S rRNA gene seqsi¢hb02 bp) of
Aeromonasspp. (Plate-4). The resulting DNA fingerprints (ranging from 3346
bp) constituted specific patterns that could be used to identipsti@ithe level of
phylogenetic species (Table 9). The RFLP patterns of thed@fified 16S rRNA
genes of soméeromonasspecies are presented in Plate-5. Only RFLP fragments
ranging from 69 to 346 bp were taken into accoulst. salmonicida was
differentiated from A. encheleiausing enzymesNarl (GGCGCC) andHadll
(GGCC). The strains were analyzed by RFLP of PCR-araglifiS rRNA genes
with the selected enzymégul and Mbol with those identified by biochemical tests.
Majority of the findings from these two different approacheseve agreement, but
some discrepancies appeared. Two presufederonii bv sobria isolates were
classified a®A. hydrophilaandA. caviaeby RFLP analysis. A strain &. caviae as
shown by the 16S rRNA gene restriction patterns was biocheynatallacterized as
A. hydrophila One strain ofA. caviaewas classified by RFLP analysis Asmedia
The three biochemically unidentified strains presented the RfdtRerns ofA.
hydrophila(2) andA. caviae(l).

4.5 Molecular Epidemiology

The molecular epidemiology of the species was studied by Random
Amplification of Polymorphic DNA (RAPD) and Enterobacterial Répeat
Intergenic Consensus Sequence (ERIC) PCR.

4.5.1 RAPD PCR

The strains were characterized for the study of genetiedsass by RAPD
PCR, only lor the maximum of three bands were amplified (Plate 6), therefore
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Plate-4 :

Plate-5 :
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Agarose gel (1.5%) electrophoresis showing amplified 16BNA

gene ofAeromonas spp.
M indicates DNA marker 100 bp plus

L1 presents isolates @& hydrophila L2-A. jandaej L3-A. trota L4-A.

schubertij L5-A. caviae
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Agarose gel (3%) electrophoresis showing RFLP Pattermof

A. hydrophila by Alul and Mbol enzymes.
M presents low range molecular marker
L1 Presents RFLP pattern Af hydrophilastrain



Table-9 :

DNA fragments obtained from the 16S rRNAgene sequence gkeromonas spp. with endonucleaseslul and Mbol

Species

346 242 228 211 207 204 195 188 180 174 172 165 158 157 138 118 78 69 66 54 47 42 40 33

A. hydrophila +

A. veroniibv
sobria

A. salmonicida +
A. caviae

A. trota

A. schubertii

A. jandaei

A.
allosaccharophila

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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enough data was not generated to study the gergtitedness and therefore the

epidemiology of the isolates.
45.2 ERICPCR

The fingerprints ofAeromonasspp. by ERIC PCR consisted of 2 to 11
amplification bands, ranging in size from 100 t608 bp (Plate 7). The typing was
done to study the epidemiology of the isolates ahstrains were typeable by ERIC-
PCR. Reproducibility of the DNA patterns from dié@t gels was in the range of 98
to 100%. Among the 37 strains Af hydrophilaexamined, a high variability was
observed (Fig. 3), however, some isolates recovieoad water and fish were related
(AHW10 and AHF4; AHW6 and AHW12; AHW11, AHW15 andHk7; AHWS8
and AHW13; HAW5S and AHF9). The isolates Af hydrophilafrom other sources
showed less relatedness. Thecaviaeshowed high relatedness (Fig. 4), five closely
related clusters were formed by the strains. Onstet was formed by water, fish
and mutton isolates (ACW1, ACW4, ACW11, ACF6 andM4) and the second by
mutton and beef isolates (ACM1, ACM3 and ACB2)rdhcluster was formed by
isolates from fish (ACF2 and ACF5). The clinicablstes fromA. caviaewere
identical to isolates recovered from water (ACD2hwWACW2 and ACW9 and
ACD4 with ACW10). However, the clinical isolates mgenot related much each
other. While analyzing the relatedness amdngveronii bv sobria strains from
different sources (Fig. 5), it was observed thahaasolates recovered from water
were related to each other (AVW2, AVW3 and AVWe6ldrom fish as well (AVF2
and AVF7; AVF5 and AVF8; AVF11 and AVF13). Two istés ofA. veroniibv
sobria recovered from fish were related to water (AVF3hwitVW2, AVW3 and
AVW6 and AVF6 with AVWS5) and interestingly there walso relatedness among a
isolate from beef and chicken (AVC1 and AVB1). Tdewas close relatedness

among the isolates @&f. salmonicidgFig. 6) recovered from water and fish (ASW2,
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Plate-6 : Agarose gel (1.5%) electrophoresis shovwgramplified RAPD gene
fingerprinting of A. hydrophila
M indicates DNA marker 100 bp plus; Lane 1 to 4icgates RAPD Profile
of A. hydrophilaisolated from water, fish, mutton and chickenpessively.
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Plate-7 : Agarose gel (2%) electrophoresis showingmplified ERIC gene
fingerprinting of A. caviae
M indicates DNA marker 100 bp plus; Lane 2 and é&spnts ERIC Profile
of A. caviaeisolated from water and human diarrheal samplesne 1
presentsA. caviaeisolated from water; Lane 3 prese#tscaviaeisolated
from mutton; Lane 4 presems caviadsolated from chicken
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AHW= A. hydrophila from water; AHF=A. hydrophila from fish; AHM= A. hydrophila from mutton;
AHB= A. hydrophilafrom beef, AHC=A. hydrophilafrom chicken and AHD=A. hydrophilafrom human

diarrheal sample.

Fig. 3 :Dendrogram showing genetic relatedness amg A. hydrophila strains
(37) determined by ERIC-PCR fingerprinting.
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ACW = A. caviae from water; ACF = A. caviae from fish; ACM= A.

ACM4
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caviae from mutton;

ACB = A. caviadrom beef; ACC=A. caviaefrom chicken and ACD-A. caviagfrom human diarrheal sample.

Fig. 4 :Dendrogram showing genetic relatedness amg A. caviae strains (32)

determined by ERIC-PCR fingerprinting.



AVW = A. veroniibv sobriafrom water; AVF =A. veroniibv sobriafrom fish; AVM= A. veroniibv sobriafrom
mutton; AVB=A. veroniibv sobriafrom beef and AVC=A. veroniibv sobriafrom chicken

Fig. 5 :Dendrogram showing genetic relatedness amg@ A. veronii bv sobria
strains (28) determined by ERIC-PCR fingerprinting.
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ASW=A. salmoniciddrom water; ASF=A. salmoniciddrom Fish

Fig. 6 :Dendrogram showing genetic relatedness amg A. salmonicida strains
(13) determined by ERIC-PCR fingerprinting



ASW5, ASF4 and ASF5; ASW4 and ASF7). The two isdafrom fish were
identical (ASF2 and ASF3). The popoffiiisolates (Fig. 7) from water formed close
cluster and the identical fish isolates were APRd APF6 and APF2 and APF8. The
other A. popoffiiisolates formed close cluster but relatedness vesswden 70 to
85%. TheA. trota strains showed less relatedness amongst each (@tter8),
however, the two isolates from fish (ATF1 and ATK&re identical showing same
DNA profile. Two clusters were formed bBY. schubertiiisolates (Fig. 9) and the
isolates from fish (AShF2 and AShF3) were identiéahong the four isolates .
jandaei, isolate from mutton and fish (AJM1 and AJF3) show#s?o similarity
(Fig.10). The four isolates dA. allosaccharophila(Fig. 11) were less related and
separate cluster was formed by isolates from figh iaolates from water. The two
isolates ofA. allosaccharophildrom mutton (AAM1 and AAM2) showed 75% of
relatedness. The 13 unidentifid@romonasspp. (Fig. 12) exhibited a high genetic
variability, the isolates from mutton, however, siea good similarity (89%). The
unidentified isolates from fish formed distinct sler when compared to isolates
from water, beef and mutton.
4.6  Virulence Characterization
4.6.1 Enterotoxin gene profile
4.6.1.1 Detection of enterotoxin genesd, alt and ast) in Aeromonads by
Multiplex PCR

All the 155 isolates oAeromonasspp. from different sources were screened
for the presence of three enterotoxin genes engodytotoxic enterotoxinact),
cytotonic heat labile enterotoxiralf) and cytotonic heat stable enterotoxasf(
using the novel multiplex PCR assay. Under thegassi multiplex PCR condition,
three fragments of enterotoxin genes were amplifiading the predicted size of
819, 576 and 216 bp fragments &mt, altandastgenes, respectively (Plate-8). Five

enterotoxin gene patterns, includiagy, alt, act/alt, act/alt/ast andact/ast(Table 10,
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APW=A. popoffifrom water; APF=A. popoffifrom Fish

Fig. 7 :Dendrogram showing genetic relatedness amg A. popoffii strains (10)
determined by ERIC-PCR fingerprinting
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ATM2

ATW= A. trotafrom water; ATF=A. trotafrom Fish; ATM=A. trotafrom mutton

Fig. 8 :Dendrogram showing genetic relatedness amg A. trota strains (8)
determined by ERIC-PCR fingerprinting
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|ASIE2
| AShF3

AShW1

AShC1

AShW =A. schubertifrom water; AShF=A. schubertifrom fish; AShC=A. schubertifrom chicken

Fig. 9 :Dendrogram showing genetic relatedness amg A. schubertii strains (6)
determined by ERIC-PCR fingerprinting
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AJF=A. jandaeifrom fish; AJM=A. jandaeifrom mutton

Fig. 10: Dendrogram showing genetic relatedness amg A. jandae strains
(4) determined by ERIC-PCR fingerprinting
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AAM1

AAM2

AAF= A. allosaccharophildrom fish; AAM= A. allosaccharophildrom mutton

Fig. 11: Dendrogram showing genetic relatedness amg A. allosaccharophila
strains (4) determined by ERIC-PCR fingerprinting
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AUB= unidentified from beef.

Fig. 12 : Dendrogram showing genetic relatedness amg unidentified
Aeromonas spp. (13) determined by ERIC-PCR fingerprinting



Plate-8 :
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Agarose gel (1.5%) electrophoresis shovgrfive different enterotoxin
gene patterns ofAeromonas spp.

M Presents 100 bp DNA ladder

L1 indicates presence aft gene inAeromonaspp.

L2 indicates presence att gene inA. veroniibv sobria

L3 indicates presence attandastgenes imA. caviae

L4 indicates presence of two enterotoxin geneact/dlf) in

A. hydrophila
L5 shows presence of all the three enterotoxin ge@st/alt/as} in

A. hydrophila



Fig. 13), were identified. Thact gene was detected in 104 (67.09%) isolates. In 21
(13.54%) isolatesact gene occurred alone whereas in 8 (5.16%) isoldatappeared

in combination with thealt and ast genes, in 73 (47.09%), it was present véth
gene and in 3(1.93%), it occurred witist gene. Thealt gene was detected in 98
(63.22%) isolates, either alone (10.96%) or in coalion with theact/ast genes
(5.16%) and withalt in 73 (47.09%) isolates. Thast was the least prevalent gene
(7.06%) and always expressed itself in combinatiotih other enterotoxin genes
(with alt/actin 8 isolates and withctin 3 isolates).

Of the 155 isolates of Aeromonads, 122 (78.70%})iexh one or more
enterotoxin genes. Among 37 isolatesAof hydrophila one or more enterotoxin
genes were detected in 35 (94.59%) isolates. ddt€86.48%) andalt (83.78%)
were prominent genes iA. hydrophila whereas,ast gene occurred in only 2
(5.40%) isolates (Fig. 14). IA. caviag 30 (93.75%) isolates carried one or more
enterotoxin genes but 2 isolates were devoid of ganes. Thalt (90.25%) gene
was more prevalent iA. caviaeandact andastgenes were detected in 25 (78.12%)
and 5 (15.62%) isolates, respectively. Of the 28aies ofA. veroniibv sobrig 24
(85.71%) were positive for one or the other entedot genes, withact (85.71%)
being the predominant enterotoxin gene followedaliy(67.85%) andast (7.14%)
genes. InA. salmonicida A. popoffij A. trota A. schubertii A. jandaej A.
allosaccharophileand Aeromonasspp. one or more enterotoxin genes were detected
in 30.69, 40.00, 62.50, 16.67, 75.00, 50.00 and(2.isolates, respectively. Thet
gene was detected in 30.77%, 30.00%, 50.00%, 16.&0&0%, 25.00% and
61.54% of A. salmonicida A. popoffii A. trota A. schubertij A. jandaej A.
allosaccharophilaand Aeromonasspp., respectively. Thalt gene was present A
salmonicida(15.38%), A. popoffii (10%), A. trota (37.5%), A. jandaei(50%), A.
allosaccharophila(50%) andAeromonasspp. (69.23%). Thastgene was absent in

most of the speciesA( salmonicida A. popoffii A. schuberti A. jandaej
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Table-10: Enterotoxin Gene Pattern and Profile ofAeromonas spp.

Enterotoxin Gene Pattern

Enterotoxin Gene Profile

Species 'SNO?égs act/alt/ast  act/alt act/ast act alt None act (%) alt (%) ast (%)
A. hydrophila 37 2 26 - 4 3 2 32 (86.48) 31(83.78) 2 (5.40)
A. caviae 32 4 21 1 - 4 2 25 (78.12) 29 (90.25) 5 (15.62)
A. veroniibv sobria 28 1 16 1 6 2 2 24 (85.71) 19 (67.85) 2 (7.14)
A. salmonicida 13 - 2 - 2 - 9 4 (30.77) 2 (15.38) -
A. popoffii 10 - - - 3 1 6 3(30.00) 1 (10.00) -
A. trota 8 1 1 - 2 1 3 4(50.00) 3(37.50) 1 (12.50)
A. schubertii 6 - - - 1 - 5 1 (16.67) - -
A. jandaei 4 - 1 - 1 1 1 2 (50.00) 2 (50.00) -
A 4 1 - 0 1 2 1(25.00) 2 (50.00) -
allosaccharophila
Aeromonasspp. 13 - 5 1 2 4 1 8 (61.54) 9 (69.23) 1(7.70)
Total 155 8 73 3 21 17 33 104 98 11
(5.16)  (47.09) (1.93) (13.54) (10.96) (21.90) (67.09)  (63.22)  (7.06)

Note: The figures in the parentheses indicate #regntages.
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Fig. 13: Occurrence of different enterotoxin gene a@tterns in Aeromonas spp.
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A. allosaccharophilaand Aeromonasspp., respectively. Thalt gene was present in
A. salmonicida(15.38%),A. popoffii(10%), A. trota (37.5%),A. jandaei(50%), A.
allosaccharophila(50%) andAeromonasspp. (69.23%). Thast gene was absent in
most of the speciesA( salmonicida A. popoffii A. schubertii A. jandaej A.
allosaccharophila but A. trota (12.5%) andAeromonasspp. (7.7%) carried thast
enterotoxin gene.

4.6.1.2 Distribution of Enterotoxin genes in Aeroranads from Different sources
The number ofA. hydrophilastrains carryingenterotoxin genes recovered from
water, fish, mutton, chicken, beef and human Hearwere 14 (93.33%), 12
(86.15%), 3 (100%), 2 (100%), 2 (100%) and 2 (100%gpectively, (Table 11). In
A. hydrophila act (32) andalt (31) were predominant enterotoxin genes recovered
from all the sources. The only twast gene positive strains &. hydrophilawere
recovered from mutton and human diarrheal sampieofg theA. caviaestrains
isolated from water, fish, mutton, chicken, beed &mman diarrhea; 11 (91.67%), 6
(100%), 4 (80%), 3 (100%), 2 (100%) and 4 (100%)eyeespectively, positive for
one or more enterotoxin genes. Among the 30 (93)7&8terotoxin gene positive
strains ofA. caviae act, alt andastgenes occurred in 25 (80.64%), 29 (93.54%) and
5 (16.1%) strains, respectively. The enterotoxinegpositiveA. veroniibv sobria
strains were present in 7 (26.92%), 12 (38.46%J1%.38%), 2 (7.69%) and 1
(3.84%) isolates. Thast (92.30%) andalt (73.07%) genes were prevalent aasi
was detected in 2 (7.69%) isolatesfofveroniibv sobria The experimental results
revealed that 20% strains @f. salmonicidafrom water harboured one or more
enterotoxin genes. Likewise, 50% strainsfotrotaand 67.67% oReromonasspp.,
from water were also positive for one or more esttedin genes. In samples from
fish, the enterotoxin genes were present in strairfs. salmonicida3), A. popoffii
(4), A. trota (3), A. schubertii(1), A. jandaei(3), A. allosaccharophila(1l) and
Aeromonaspp. (7). Three strains eachAoftrotaandA. jandaej one ofA.
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Table-11: Distribution of Enterotoxin Genes inAeromonas spp. from different sources

. No. of No. of Enterotoxin Gene Enterotoxin Genes
SPEUES s Isolates Positive Isolates act alt ast
Water 15 14 (93.33) 12 11 -
Fish 13 12 (92.30) 11 11 -
. Mutton 3 3 (100) 3 3 1
A. hydrophila Chicken 2 2 (100) 2 2 -
Beef 2 2 (100) 2 2 -
Diarrheal 2 2 (100) 2 2 1
Subtotal 37 35 (94.59) 32 31 2
Water 12 11 (91.67) 9 11 2
Fish 6 6 (100) 4 5 1
A caviae Mu_tton 5 4 (80) 4 4 -
' Chicken 3 3 (100) 2 3 -
Beef 2 2 (100) 2 2 -
Diarrheal 4 4 (100) 4 4 2
Subtotal 32 30 (93.75) 25 29 5
Water 8 7 (87.5) 7 6 2
Fish 13 12 (92.3) 11 8 -
A. veroniibv sobria Mutton 4 4 (100) 3 3 -
Chicken 2 2 (100) 2 1 -
Beef 1 1 (100) 1 1 -
Subtotal 28 26 (92.85) 24 19 2
A. salmonicida Water S 1(20) ! L i
' Fish 8 3(37.5) 3 1 -
Subtotal 13 4 (30.69) 4 2 -
A. popoffii Water 2 - . ) )
Fish 8 4 (50) 3 1 -
Subtotal 10 4 (40) 3 1 -
Water 2 1 (50) 1 1 -
A. trota Fish 4 3 (75) 2 2 1
Mutton 2 1 (50) 1 - -
Subtotal 8 5 (62.5) 4 3 1
Water 1 - - - -
A. schubertii Fish 4 1(25) 1 - -
Chicken 1 - - - -
Subtotal 6 1(16.67) 1 - -
. . Fish 3 3 (100) 2 1 -
A. jandaei Mutton 1 i i 1 i
Subtotal 4 3 (75) 2 2 -
. Fish 2 1 (50) 1 1 -
A. allosaccharophila Mutton 5 1 (50) i 1 i
Subtotal 4 2 (50) 1 2 -
Water 3 2 (67.67) 2 2 -
Aeromenaspp Fish 7 7 (100) 4 5 1
: Mutton 2 2 (100) 1 1 -
Beef 1 1 (100) 1 1 -
Subtotal 13 12 (92.3) 8 9 1
Grand Total 155 122 (78.70) 104 98 11
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Plate-9 :

Picture showing vasopermeability reactiorn rabbit skin

The box-1 indicates the control in which sterileIBhvas injected
The box-2 indicates VPR of ATCC 7986 hydrophilastrain

The box-3 indicates VPR d&. hydrophilastrain showing presence of all the
three enterotoxin genes.

The box-4 indicates VPR @&. hydrophilastrain showing presence att/alt
enterotoxin genes.

The box-5 indicates VPR @k. hydrophilaof strain carrying no enterotoxin
gene.

The box-6 indicates VPR @&. hydrophilastrain carryingact enterotoxin gene.



allosaccharophilaand 7 strains oAeromonasspp. from samples of mutton and also one

strain ofAeromonaspp. from beef revealed one or more enterotoxnege
4.6.2 Haemolysis on Rabbit and Sheep Blood Agar

All the isolates ofAeromonasspp. exhibited haemolytic activity on 5% Rabbib&d
Trypticase Soya Agar plates, while only 92.25% loé tsolates caused haemolysis on 5%
Sheep Blood Trypticase Soya Agar. The haemolytiviac on sheep blood agar plates was
demonstrated by 93.95(45) of theisolates from water, 88.23% (60) from fish, 94.7Q3E8)
from mutton and all of chicken, beef and humanrtiec stools (Table 12). All the strains of
Aeromonasspp. caused uniform hemolytic activity on rabbibdal agar plates whereas
91.89% ofA. hydrophila 96.85% ofA. caviae 76.92% ofA. salmonicida90% ofA. popoffii
87.50% of A. trota, 83.33% ofA. schubertii 75% of A. allosaccharophila 92.32% of
Aeromonasspp. and all the isolates Af veroniibv sobriaandA. jandaeicaused haemolysis

on sheep blood agar plates.

4.6.3 VascularPermeability Reaction in Rabbit Skin

The enterotoxigenicity of the representative speoiAeromonasviz. A. hydrophila
A. caviaeandA. veroniibv sobria (isolated more often) was studied. The isolatesvatg
different enterotoxin gene pattern for each spews®s selected for entetotoxgenic assay. The
field isolates were compared with the standard ATZIB6 strain, with respect to their
biological effects in rabbit skin. The VPRs wereomounced in rabbit skin and the
inflammatory changes could easily be measured. ¥BiRes were pronounced following
intradermal inoculation cAeromonagenterotoxin by 12 hours and ranged between 7 arél 1
mm in diameter, with an overall average of 10.91 (Rhate-9).The A. hydrophilashowed an
average VPR zone of 12.36 mm and the average arexmsis was 5.46 mm. Among the
hydrophilastrains the highest VPR zone (18.5 mm) was showAT®C strain followed by a
strain isolated from water (16.5 mm), both thesewsd the presence of all the three

enterotoxinsdst/alt/as}.
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Table-12: Haemolytic Activity of Aeromonas spp. on Rabbit and Sheep Blood Trypticase Soya Aga

Species Source No. of Haemolysis on Blood Agar
Isolates Rabbit (%) Sheep (%)
Water 15 15 (100) 13 (86.67)
Fish 13 13 (100) 12 (92.31)
. Mutton 3 3 (100) 3 (100)
A. hydrophila Chicken 2 2 (100) 2 (100)
Beef 2 2 (100) 2 (100)
Diarrheal 2 2 (100) 2 (100)
Subtotal 37 37(100) 34 (91.89)
Water 12 12 (100) 12 (100)
Fish 6 6 (100) 5(83.33)
A caviae Mutton 5 5 (100) 5(100)
' Chicken 3 3 (100) 3 (100)
Beef 2 2 (100) 2 (100)
Diarrheal 4 4 (100) 4 (100)
Subtotal 32 32 (100) 31 (96.85)
Water 8 8 (100) 8 (100)
Fish 13 13 (100) 13 (100)
A. veroniibv sobria Mutton 4 4 (100) 4 (100)
Chicken 2 2 (100) 2 (100)
Beef 1 1 (100) 1 (100)
Subtotal 28 28 (100) 28 (100)
A salmonicida Water 5 5 (100) 4 (80)
' Fish 8 8 (100) 6 (75)
Subtotal 13 13 (100) 10 (76.92)
A popoffi Water 2 2 (100) 2 (100)
- Pop Fish 8 8 (100) 7 (87.5)
Subtotal 10 10 (100) 9 (90)
Water 2 2 (100) 2 (100)
A. trota Fish 4 4 (100) 3 (75)
Mutton 2 2 (100) 2 (100)
Subtotal 8 8 (100) 7 (87.50)
Water 1 1 (100) 1(100)
A. schubertii Fish 4 4 (100) 3(75)
Chicken 1 1 (100) 1 (100)
Subtotal 6 6 (100) 5(83.33)
A. jandaei Fish 3 3 (100) 3 (100)
' Mutton 1 1 (100) 1 (100)
Subtotal 4 4 (100) 4 (100)
. Fish 2 2 (100) 2 (100)
A. allosaccharophila Mutton 5 2 (100) 1 (50)
Subtotal 4 4 (100) 3 (75)
Water 3 3 (100) 3 (100)
Aeromonaspp Fish 7 7 (100) 6 (85.75)
' Mutton 2 2 (100) 2 (100)
Beef 1 1 (100) 1 (100)
Subtotal 13 13 (100) 12 (92.32)
Grand Total 155 155 (100) 143 (92.25)

Note: The figures in the parentheses indicate gregntages.
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The least VPR zone was shown Ay hydrophilastrain (6.1 mm) recovered from
water with absence of all the there enterotoxinegeMhe average VPR zone and

average necrotic area shown Aycaviaewas 11.28 mm and 5.62 mm, repectively

(Table 13).

Table-13: Vasopermeabilty Reaction ofAeromonas spp. in Rabbit.

S No. Species Enterotoxin VPR Zone Necrosis

genes present (mm) (mm)

1. A hydrophilaATCC 7966 ast/alt/ast 18.5 7.6

2. A hydrophila ast/alt/ast 16.5 7.3

3. A hydrophila act/alt 11 5.2

4. A. hydrophila act 9.7 4.2

5. A. hydrophila None 6.1 3.0
Average 12.36 5.46

6. A.caviae act/alt/ast 19.6 7.1

7. A caviae act/alt 9.8 6.5

8. A.caviae act/ast 11.7 6.8

9. A. caviae act 8.3 4.4
10. A. caviae alt 7 3.3
Average 11.28 5.62

11. A. veroniibv sobria act/alt/ast 9 5.3
12. A. veroniibv sobria act/ast 9.5 5.8
13. A. veroniibv sobria act 8.2 3.4
14. A. veroniibv sobria act 7.9 5.3
Average 8.65 4.95

Overall Mean 10.91 5.37

Note: The figures in the parentheses indicate #regntages.
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The A. caviaestrain recovered from clinical case (diarrheal samnghowed highest
VPR zone (19.6 mm) when compared with other iselaide clinical isolate oA.
caviaeshowed the presence of all the three enterotoxieg@st/alt/asj. A. veronii
bv sobria produced an average VPR and necrotic zones ofr@rsand 4.95 mm,
respectively. The strain d&. veronii bv sobria carrying the geneast/alt showed
higher VPR zone (9.5 mm) followed by a strain (9 hwarrying all the three genes
(ast/alt/as}). Across all the isolates the lowest VPR zonesvgiiown by the isolates
carrying alt gene. The controls in which sterile brain heafusion broth was
injected showed no inflammatory reaction even af&hr of intradermal injection.

4.7  Antibiogram of Aeromonas spp.

All the strains of Aeromonasspp. isolated from different sources were
subjected to antibiotic sensitivity test againspamel of 20 antimicrobial agents.
Based on the Clinical andaboratory Standards Institut€CLSI) interpretive
standards forAeromonasspp., the isolates were found sensitive to enamfox
(96.77%), ciprofloxacin (94.19%), ofloxacin (92.9%yeftraixone (90.32%),
tetracycline (85.81%), norfloxacin (85.81%), genitam (84.52%) and doxycycline
(83.23%) in order (Table 14). The highest resistawas noted against ampicillin
(97.42%). The antibiotics to which most of the édek presented resistance included
ampicillin/cloxacillin  (89.03%), polymyxin B (87.24), amoxycillin (72.9%),
roxithromycin (70.32%), erythromycin (61.29%) andreptomycin (54.84%).
Resistance of less than 50% was noted against, yoaon45.16%), kanamycin
(38.71%), sulphadiazime (32.9%), ceftazidime (322@&nd cephalexin (43.23%).
The isolates were found to be highly susceptible oftoxacin, norfloxacin,
ciprofloxacin, enrofloxacin and ceftriaxone irresfpge of source from which they
were isolated. The isolates from water samples sbHowo resistance against

ofloxacin, ciprofloxacin and enrofloxacin. The istds recovered from the
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Table-14: Antimicrobial resistance/sensitivity Patern of Aeromonas spp.

Intermediate

Antibiotic Resistance Sensitivity SsEEEi
Gentamicin 17 (10.97) 131 (84.52) 7 (4.52)
Kanamycin 60 (38.71) 80 (51.61) 15 (9.68)
Sulphadiazime 51 (32.9) 89 (57.42) 15 (9.68)
Ceftazidime 50 (32.26) 95 (61.29) 10 (6.45)
Ofloxacin 8 (5.16) 144 (92.9) 3 (1.94)
Tetracycline 16 (10.32) 133 (85.81) 6 (3.87)
Neomycin 70 (45.16) 75 (48.39) 10 (6.45)
Roxithromycin 109 (70.32) 37 (23.87) 9 (5.81)
Ciprofloxacin 5(3.23) 146 (94.19) 4 (2.58)
Streptomycin 85 (54.84) 52 (33.55) 18 (11.61)
Ampicillin 151 (97.42) 0 (0) 4 (2.58)
Amoxycillin 113 (72.9) 38 (24.52) 4 (2.58)
Norfloxacin 16 (10.32) 133 (85.81) 6 (3.87)
Doxycycline 13 (8.39) 129 (83.23) 13 (8.39)
Enrofloxacin 0 150 (96.77) 5(3.23)
Ceftriaxone 11 (7.1) 140 (90.32) 4 (2.58)
Erythromycin 95 (61.29) 42 (27.1) 18 (11.61)
Polymyxin-B 136 (87.74) 11 (7.1) 8 (5.16)
Ampicillin/Cloxacillin 138 (89.03) 16 (10.32) 1 @b)
Cephalexin 67 (43.23) 84 (54.19) 4 (2.58)

Note: The figures in the parentheses
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water showed a high (more than 80%) susceptikalifginst gentamicin, tetracycline,
norfloxacin and cefatriaxone and in contrast a higbistance was noted against
amoxycillin, ampicillin, polymyxin B, ampicillin/@xacillin. Among the isolates
obtained from fish a comparatively higher resistam@s noted than isolates from
water, against the antibiotics like gentamicin, mgoin, kanamycin, ceftriaxone and
the only antibiotic against which no resistance weasged was enrofloxacin.
Compared to isolates from water and fish a higleeistance was recorded for the
isolates recovered from raw meats with resistatedfor all the antibiotics, except
for enrofloxacin. More than 50% resistance was choagainst roxithromycin,
streptomycin, ampicillin, amoxycillin, erythromygin polymyxin B and
ampicillin/cloxacillin. The highly effective antibtic against the isolates from raw
meats was enrofloxacin with no resistance notednag#. The resistance pattern
was highest among the isolates of human diarrhe@lpkes in comparison to the
isolates recovered from all other sources. Moren tB8% resistance was noted
against kanamycin, sulphadiazime, neomycin, roaittycin, streptomycin,
ampicillin, amoxycillin, doxycycline, erythromycin, polymyxin-B,
ampicillin/cloxacillin and cephalexin. Whereas, thest effective antibiotic was
found to be enrofloxacin with all isolates susdelptiagainst it (Table 15). There was

a uniform resistance pattern among different speaiéderomonagTable 16).
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Table-15: Atibiogram of Aeromonas spp. from various sources

Water Fish RENT IS Humans
S. No. Antibiotic (N=48) (N=68) (Mutton, CI1|cken, Beef) (N=6)
(N=33)
R S I R S I R S I R S |
1 Gentamicin 2 44 2 6 58 4 7 25 1 2 4 ]
(4.17) (91.67) (4.17) (8.82) (85.29) (5.88) (21.21) (75.76) (3.03) (33.33) (66.67)
> Kanamvein 15 28 5 26 35 7 16 14 3 3 3 )
Y (31.25) (58.33) (10.42) (38.24) (51.47) (10.29) (48.48) (42.42) (9.09) (50.00) (50.00)
3 Sulohadiazine 13 31 4 22 39 7 12 17 4 4 2 )
P (27.08) (64.58) (8.33) (32.35) (57.35) (10.29) (36.36) (51.52) (12.12) (66.67) (33.33)
4 Ceftazidime 16 28 4 22 41 5 10 22 1 2 4 )
(33.33) (58.33) (8.33) (32.35) (60.29) (7.35) (30.30) (66.67) (3.03) (33.33) (66.67)
5 Ofloxacin i 47 1 1 65 2 5 28 i 2 4 i
(97.92) (2.08) (2.47) (95.59) (2.94) (15.15) (84.85) (33.33) (66.67)
6 Tetracveline 4 42 2 6 59 3 4 28 1 2 4 i
Y (8.33) (87.50) (4.17) (8.82) (86.76) (4.41) (12.12) (84.85) (3.03) (33.33) (66.67)
7 Neomvein 19 26 3 31 32 5 16 16 1 4 1 1
Y (39.58) (54.17) (6.25) (45.59) (47.06) (7.35) (48.48) (48.48) (3.03) (66.67) (16.67) (16.67)
8 Roxithromvein 34 12 2 a7 17 5 24 7 2 4 1 1
Y (70.83) (25.00) (4.17) (69.12) (25.00) (5.88) (72.73) (21.21) (6.06) (66.67) (16.67) (16.67)
9 Ciprofloxacin - a7 L 2 65 1 3 29 L - S .
(97.92) (2.08) (2.94) (95.59) (1.47) (9.09) (87.88) (3.03) (83.33) (16.67)
10 Streptomycin 25 18 8 39 25 4 18 11 4 3 2 1

(52.08) (37.50) (10.42) (57.35) (36.76) (11.76) (54.55) (33.33) (12.12) (50.00) (33.33) (16.67)
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Table-15: contd...

= N Water Fish RELY biIEELE Humans
Antibiotic _ _ (Mutton, Chicken, Beef) _
(N=48) (N=68) (N=33) (N=6)
R S I R S . R S | R S |
11 Ampicillin a7 1 67 ] 1 31 ] 2 6 ]
P (97.92) (2.08) (98.53) (1.47) (93.94) (6.06) (100)
12 Amoxvaillin 34 13 1 51 16 1 24 8 1 4 1 1
y (70.83) (27.08) (2.08) (75) (23.53) (1.47) (72.73) (24.24) (3.03) (66.67) (16.67) (16.67)
13 Norfloxacin 4 42 1 6 59 3 4 28 1 2 4 )
(8.33) (87.50) (4.17) (8.82) (86.76) (4.41) (12.12) (84.85) (3.03) (33.33) (66.67)
14 Doxveveline 3 41 4 2 59 7 4 27 2 4 2 )
yey! (6.25) (85.42) (8.33) (2.94) (86.76) (10.29) (12.12) (81.82) (6.06) (66.67) (33.33)
15 Enrofloxacin - a7 1 - 65 3 - 32 1 - 6 -
(97.92) (2.08) (95.59) (4.41) (96.97) (3.03) (100)
16 Ceftriaxone 1 46 1 4 63 1 4 28 1 2 3 1
(2.08) (95.83) (2.08) (5.88) (92.65) (1.47) (12.12) (84.85) (3.03) (33.33) (50) (16.67)
17 Erythromycin 28 13 7 41 18 9 22 9 2 4 2 )
y (58.33) (27.08) (14.58) (60.29) (26.47) (13.24) (66.67) (27.27) (6.06) (66.67) (33.33)
18 Polvmvxin-B 41 4 3 61 3 4 29 3 1 5 1 )
ymyx (85.42) (8.33) (6.25) (89.71) (4.41) (5.88) (87.88) (9.09) (3.03) (83.33) (16.67)
19 Ampicillin/Cloxacillin 44 3 1 60 8 - 29 4 - 5 . -
P (91.67) (6.25) (2.08) (88.24) (11.76) (87.88) (12.12) (83.33) (16.67)
20 Cephalexin 20 27 1 29 37 2 15 17 1 3 3
P (41.67) (56.25) (2.08) (42.65) (54.41) (2.94) (45.45) (51.52) (3.03) (50) (50)
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Table-16: Antibiogram (%) of different species ofAeromonas

A.n ti.b A . A. caviae A veror.1ii bv A'. . A. popoffii A. trota A. schubertii A. jandaei allos:c\:.charo Aeromonas
--iotic  hydrophila sobria salmonicida il sSpp.
R S R S R S R S S R S R S R S R S S
G 10.8 83.8 9.4 844 10.7 85.7 7.7 92.3 10.0 90.0 0875 16.7 66.7 250 750 250 750 154 846
K 405 486 406 50 393 50 231 69.2 400 500 537.50 333 50 50.0 500 50.0 500 385 538
Sz 351 541 344 531 357 536 154 769 30.0 06037.5 50 33.3 66.7 250 750 250 75.0 385 538
Ca 351 595 344 594 357 571 231 692 300 070.25 625 333 66.7 250 750 250 500 308 615
OF 2.7 94.6 3.1 93.8 3.6 92.9 0 100 0.0 100 125 .58716.7 833 250 750 250 75.0 7.7 92.3
T 8.1 86.5 9.4 844 10.7 85.7 7.7 92.3 100 90.0 512875 167 833 250 750 250 75.0 7.7 84.6
N 459 459 469 469 464 464 231 615 50.0 50.60 50 50 50 50.0 500 50.0 500 46.2 46.2
RO 703 216 719 25 714 25 615 308 700 200.56225 833 167 750 250 750 250 692 231
CF 2.7 94.6 3.1 93.8 3.6 92.9 0 100 10.0 90.0 0O 587.0 100 0.0 100 0.0 100 7.7 92.3
S 541 324 563 313 536 357 538 385 500 4060 375 50 333 750 250 750 250 538 308

Note: Gentamicin (G) Kanamycin (K) Sulphadiazimg) Seftazidime (Ca) Ofloxacin (OF) tetracycline Ngomycin (N) Roxithromycin (Ro) Ciprofloxacin (CF)

and Streptomycin (S): R indicates resistance amdiisates susceptibility
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Table-16: contd..

. . A.
Anti- . i A. b . . . : :
.n I A . A. caviae veror.m v A - A. popoffii A. trota A . A.jandael allosaccharo Aeromonas
biotic  hydrophila sobria salmonicida schubertii il spp.
R S R S R S R S R S R S R S R S R S R S
A 100 0 96.9 0 96.4 0 92.3 0 100 0.0 100 0 100 0.aoo 0.0 100 00 923 0.0

AM 75.7 216 75 219 750 214 769 231 70.0 30.00 875 833 167 750 25.0 100 00 846 154
NX 108 865 94 875 107 857 7.7 923 10.0 90025 75 0.0 833 0.0 75.0 25.0 75.0 154 84.6
DO 54 865 6.3 844 10.7 821 0 923 10.0 80.0 512.75 16.7 833 250 750 00 750 154 76.9
Ex 0 97.3 0.0 96.9 0 96.4 0 923 0.0 100 0 100 0.a00 0.0 100 0.0 100 0.0 923
CTR 54 919 63 906 36 929 7.7 846 10.0 90.0 0100 16.7 833 250 750 250 750 7.7 923
E 59.5 27 59.4 28.1 60.7 25 615 30.8 60.0 30.0.562 25 66.7 333 750 25.0 750 250 615 231
PB 89.2 54 844 94 893 71 923 7.7 900 100.587 0 833 167 750 00 750 00 923 7.7
Ax 89.2 108 906 94 893 10.7 923 7.7 90.0 10.62.5 25 100 0.0 100 00 750 250 923 7.7

CP 459 514 469 5311 429 536 385 615 40.0 060.25 625 50.0 500 500 500 250 500 46.2 53.8

Note: Ampicillin (A), Amoxycillin (Am), NorfloxacigNx), Doxycycline (Do), Enrofloxacin (Ex), Cefttene (CTR), Erythromycin (E), Polymyxin (Pb),
Ampicillin/Cloxacillin (Ax) and Cephalexin (Cp);iRdicates resistance and S indicates susceptibility
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4.9 Nucleotide sequence analysis of enterotoxinngs @lt, act and ast).

The length of cytotoxic heat-labile enterotoxiracy, cytotonic heat-labile
enterotoxin &lt) and cytotonic heat-stable enterotoxas{ genes was 819, 576 and
216 bp, respectively. The amplified PCR produdtaliothe three enterotoxin genes
obtained fromA. hydrophilastrain recovered from water were sequenced (Aprpend
II). The nucleotide sequence that was readable #@éebp foract 504 bp foralt
and 205 bp forast genes ofA. hydrophilastrain. FromA. caviaeonly alt gene
fragment could be sequenced with 519 bp. The segseof all the fragments were
highly similar (more than 90%) when compared witthes sequences OA.
hydrophila [A. hydrophila (HQ425626.1), A. hydrophila (DQ408263.1), A.
hydrophila (GU229024.1), A. hydrophila (DQ186611.1), A. hydrophila
(DQ302122.1)A. hydrophila(GU-169709.1) A. hydrophila(AB237174.1) etc.] in
GenBank.
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Chapter-5
DISCUSSION

Although the history of Aeromonads is more thareatury old (Zimmerman,
1890), yet their role in a number of human illnessa@s recognized only during past
three decades (Janda and Abbott, 1998). In humdasymonads are not only
capable of inflicting gastrointestinal disorders loan also be involved in a wide

range of extra-intestinal infections (Janda andtAd®98).

The organismare widely distributed in the aquatic environmedblmeset
al., 1996) and are found in a variety of foods ingtgdraw meats, fish, packaged
ready-to-eat meats, sea foods etc. (Palumbo, 1986number of human illnesses
are, therefore, implicated to food borne naturéAefomonasspp. (Wadstrom and
Ljungh, 1991).

In the present study, 609 samples of water, fiicken, mutton, beef and
human diarrheic stools were screened for the peesehAeromonads, of which 155
were found positive, with an overall percentagepoévalence of 25.45. Being
essentially ubiquitous in the microbial biosphefgromonads are expected in
virtually every environmental niche where bactegebsystems exist but their role in
human and animal diseases depend on many envirdainaer host factors besides

virulence of the species itself.

The natural reservoir fokeromonasspp. is the aquatic environment (Hazen
et al, 1978; Schubert, 1991; Razzolet al, 2008) and as such their detection has
been reported from almost all types of waters ngrinekh, saline and brackish water
(Hazenet al, 1978; Sacket al, 1987; Araujoet al, 1989), chlorinated and un-
chlorinated drinking water (Millership and Chattdpgay, 1985; Kersterst al,
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1995), ground water (Holmest al, 1996), treated and untreated sewage water
(Schubert, 1991), seawater (Braraial, 1996), clean river water (Pathak al,
1988), fish farm hatchery tanks (Rhodes al, 2000), reservoirs and drinking
fountains (Razzolinet al, 2008) and even bottled mineral water (Tsai andD97).

In the present investigation as well, 26.37% ofewvgamples from different
sources were found contaminated wikdromonasspp. The organism was recovered
from drinking water samples with a prevalence petage of 13.79. Presence of
these organisms in drinking water depicts theiistasce to the conventional water
treatment methods and needs more elaborative sttatibetter understanding of the
resistance pattern of Aeromonadfe organisms have been found at a frequency of
1 to 27% of drinking water supplies by other woskas well (Rusiret al, 1997)
which substantiates the findings of the presentestigation. Reports of their
recovery from mineral water with isolation rates ligh as 35.5% and cell
concentrations of greater than 3 1JggCFU/mL are also documented (Quevedo-
Sarmientoet al, 1986; Sladeet al, 1986; Gonzalest al, 1987; Havelaaet al,
1990; Manaiaet al, 1990; Tsai and Yu, 1997; Warburtehal, 1998; and Crocet
al., 2001). This is another area which needs attergioce mineral water plants are
generally designed to provide zero bacteria packagater to the consumers and
have the required facilities to render the watestérda free before packaging. Not
much is known about the role of Aeromonads in hugestrointestinal infections as
primary agents of the disease but their detectiohuman stools suggests their role
at least as secondary invaders. The other posgibihy be that the organisms cause
a self limiting mild type of gastroenteritis, pddyi trying to adapt to new host
system. Even in the absence of their documentedindiuman gastroenteritis, their
presence in high numbers in drinking water may hsggous consequenceés

infants, old people and the immune-compromigeisons where it may
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potentially lead to an invasivdisease, such as septicemia (Lecktral, 2002).
The contamination of drinking water with Aeromonads coudd due to their
presence in water sources supplying the treatmentspdanthe organism has been
recovered from these sources more frequently (Shatrah 2005; Bhowmiket al,
2009; Handeet al., 2009). In our study, ten of the 38 samples from rivaang
streams were found contaminated wittromonasspp. Although the percentage of
contamination of inlet water source supplying the fish gonds less (15.78%), yet
the samples taken from the fish ponds revealed a hpgreentage of prevalence of
69.23. This could be due to continuous excretion of Aerads by fishes kept
under closed rearing conditions as the organisms are eoediés normal micro-
flora of many aquatic animals and are proven diseasat@gn various cold blooded
animals including fishes, amphibia and reptiles (Januh Ruffey, 1988; Cahill,
1990a). Reports on the higher prevalence in fish parelslso on record (Rhodets
al., 2000).

Raw meats of all kinds were contaminated Agromonasspp. with
percentage of contamination for chicken, mutton and &eeiples as 14.03, 22.89
and 19.35, respectively. A higher percentage of peexa of Aeromonads was
reported by Ibrahim and MacRae (1991). In their st@@y00% samples of beef,
58% of lamb and 74% of pork were contaminated with oA®nads. The
distribution of Aeromonads may not be uniform and, &t suaries from place to
place and area to area. The housing system, transportat animals before
slaughter, slaughtering methods and the sanitary measaken from farm to
kitchen, all contribute to the prevalence of food-borneqmhs in meat and meat
products. Our findings are in agreement with the findiolgSharma and Kumar
(2011) who reported a prevalence percentage of 18.fi8h, 11.5 in poultry meat,
9.85 in pork and 2.5 inhevon from North-East India. Contrary to these findiags,
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higher percentage of prevalence (26%) was recondetbmmercially available
chevon from Nagpur (Kolheet al, 2005). Agarwalet al (2000) isolated
Aeromonads from 22% of fish and 8.9% of goat meates in India, indicating
geographical variation in occurrence/Adromonasspp.. Their lower prevalence in
meat and meat products is therefore, justifiabilethk present study, fish samples
from retail fish markets were highly contaminatdd.(7%) whereas samples from
government and private fish farms revealed a |lgsserentage of contamination of
27.27 and 30.00, respectively. The higher percentagorded in samples from
retail markets might be due to the incubation timéhe absence of proper storage
facilities during marketing. Overall percentagepoévalence oAeromonasspp. in
fish recorded in the present study (39.30) wagrfare than the findings of other
workers (Kolheet al, 2005; Sharma and Kumar, 2011) which is a matfer
concern for public safety needing an immediatensitia of the Public Health
Authorities.

Because of their presence in all types of watkespmonads are expected in
any food suitable for human consumption. The omgasihave been isolated from
ready-to-eat foods (Hudson and Avery, 1994; Tsdi @hen, 1996), from birds and
poultry eggs (Glunder and Siegmann, 1993), and fatsp vegetables (Neytst al.,
2000b). Because of its ubiquitous natukeromonasspp. is harbored by humans in
their gastrointestinal tracts both in the presexod absence of the disease. The rates
of fecal carriage in asymptomatic persons in dgxedocountries range from 0% to
4% (Millership et al, 1983; Aggeret al, 1985; Quaret al, 1986; Svenungssast
al., 2000 ), while the isolation rate from personshwdiarrheal illness ranges from
0.8 to 7.4% (Aggeet al, 1985; Moyer, 1987; Alberét al, 2000). In the present
study, 6 of the 83 human diarrheal samples screermed found positive for the
presence oAeromonasspp., with an overall percentage prevalence dt,ich is

similar to the findings of these workers. Howeyaevalence was higher in patients
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from government hospitals (8.51%) than in the rafeslinics (5.55%). In Southeast
Asia, asymptomatic carriage rates as high as 2ams@aecovery rates from patients
with diarrhea as high as 34% have been reportexzéighaet al, 1990).

The taxonomy of the genuseromonasvas codified with publication of the
Second Edition oBergey’'s Manual of Systematic Bacteriologyartin-Carnahan
and Joseph, 2005; Janda and Abbott, 2010) and m&wies continue to be
described. Multiple methods are required for adeuctassification of the genus and
based on biochemical characterization and DNA ldybastion techniques, 14
phenospecies (Martin-Carnahan and Joseph, 20051 arMdNA-homology groups
(HGs), respectively, have been identified (Yaeéal, 2003). Molecular technique
like restriction fragment length polymorphism (RELpYofiles of 16S rRNA genes
(Martinez-Murciaet al, 1992a; 1992b; Borredit al, 1997) is also used for speciation

of the genus.

The isolates ofAeromonasspp. produced typical colony characteristics
(circular, smooth edged yellow colored) on AmpinillDextrin Agar. Similar
characteristics have been reported by (Kersteral, 1996a and Kingombet al.,
2010). The biochemical characteristics expressedthay isolates were in total
agreement with the previous reports (Abbettal, 2003, Martin-Carnahan and
Joseph, 2005; Ottaviardt al, 2006; Janda and Abbott, 2010; Kingomdteal,
2010). The species isolated from all sources caagd. hydrophila(23.87%),A.
caviae(20.64%),A. veroniibv sobria (18.06%),A. salmonicida8.39%),A. popoffii
(6.54%), A. trota (5.16%), A. schubertii (3.87%), A. jandaei (2.58%), A.
allosaccharophila(2.58%). Thirteen (8.39%) isolates could not benidied to the
species level.
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The most common isolated species from water Avasydrophila(31.25%)
although other species were also recovered withenigercentages viA. caviae
(25%) A. veronii bv sobria (16.67%) andA. salmonicida(10.41%). Reports on
contamination of water by these species in differgaographic situations are
documented with more frequency (Havelaaral, 1992; Chaureet al, 2001; Sen
and Rodgers, 2004; Razzoliet al, 2008). The other less prevalent species of
Aeromonassolated from water includ@. trota A. allosaccharophilaA. popoffii
andA. schubertii(lvanovaet al, 2001; Soleet al, 2002). In accordance with the
earlier reports (lvanovat al, 2001), lesser percentage of contamination okxvat

samples was recorded with #ota, A. popoffiandA. schubertii

Water and fish appear to be responsible for sustenafAeromonasspp. in
nature although raw meats, in the present study rdgealed a good number of
isolates (33) which were less in comparison tofidte (68). The prevalent species in
both fish and raw meats wefe hydrophila A. veroniibv sobria and A. caviae
Similar reports are published on their predominandesh and raw meats (Okrered
al., 1987; Fricker and Thompsett, 1989; Radal, 2003).

The prevalence of different species Aéromonasis found to vary with
geographical locations. In our study, an overadlvatence ofAeromonasspp. in
human diarrheic cases was 7.23%. caviae (66.67%) appeared to be a more
frequent visitor of human gastrointestinal tradtantA. hydrophila (33.33%). A.
hydrophilaandA. veronii bv sobria have been reported to be dominant species of
Aeromonagausing diarrhea in Australia and Thailand (Altgyegnd Geiss, 1989). In
BangladeshA. trota has been isolated from a large number of diarrpesients
(Albert et al, 2000). A study in southern India revealdd hydrophila as the
predominant species causing diarrhea (Komahial, 1998). In Europe and

America, majority of the cases of human diarrhes Ibeen attributed té. caviae
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(Altwegg and Geiss, 1989A. caviaewas also found to be the predominant species
in Kolkata (Sinheet al, 2004). Variation in geographical distributionynéherefore,
reflect the tentativeness éleromonagaxonomy and as unified identification keys

were not followed, the possibility of misidentifiaan of species cannot be excluded.

A lack of congruity exists between phenotypic aeti@ypic characteristics
of Aeromonads, therefore, for accurate classiftcabf the genus, multiple methods
are required. The most popularly described arempelgse chain reaction and the
restriction fragment length polymorphism. Althougtertain biochemical tests
allowed some improvements (Abbettal.,1992; Carnahast al.,1991), phenotypic
identification of the species appeared to be diffi(Borrell et al, 1997). Therefore,
to validate the data, PCR was performed to identigy isolated Aeromonads that
were phenotypically confirmed aseromonasspp. to the generic level. Among a
total of 155 Aeromonasspp. identified phenotypically, the genus specRCR
detected 153 agieromonasspp. The two genotypically unidentified isolates
belonged toA. salmonicidaand Aeromonasspp. The discrepancies could be due to
mutation in the said isolates or the differencéhiir genetic make-up so as to render

the PCR unable to identify the species.

Identification by PCR with 16S rRNA gene targetddyanucleotides has
been evaluated fak. sobrig A. schubertiiandA. jandaei(Ashet al.,1993a, 1993b)
and forA. hydrophilaand A. veronii(Dorschet al., 1994). However, some species
had identical sequences in this selected targebrregnd therefore could not be
distinguished. The first attempt to identify Aeramadls to genotype relied upon
differences in 16S ribosomal DNA sequences (Maztiderciaet al, 1992a), and
several investigators developed probes for deteatib various Aeromonasspp.
(Demartaet al, 1999; Khanet al, 1999). Aeromonasaxonomy based upon 16S

ribosomal DNA is complex and investigators havenexad alternative means to
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sort out the genotypic maze. Borrell al. (1997) were able to identify ten species
using endonucleaseélul and Mbol, but needed to addNarl and Hadll to
differentiate A. salmonicidafrom A. encheleia Using the method as described by
Borrell et al. (1997), most of the findings from the two diffeteapproaches i.e.
phenotypic and RFLP characterization were in agesm barring some
discrepancies. This could be due to the geneterbgéneity as a result of cross-over
in ribosomal sequences or genetic recombinationscwing phylogenetic

relationships in Aeromonads (Moraretial.,, 2005).

The infection caused by Aeromonads is attributed number of virulence
factors possessed by them (Cahill, 1990b). Theséeuce factors are important in
determining the role oAeromonasspp. in human disease processes (Sathal.,
2004). As a result, a significant quantum of resleaendeavours in aeromonal
biology targeted at characterization of the rolaypt by these virulence factors
namely cytotoxic and cytotonic enterotoxins, hagsiol, aerolysins, etc. and large
number of reports are available regarding distrdvutof theses virulence genes
among Aeromonads in developed countries (Jandd,; I®&yet al, 1990; Granum
et al, 1998; Heuzenroedet al, 1999; Abdullaket al, 2003; Kingombet al, 2004;
2010). However, scanty information is availablelndia in general and in J&K in
particular regarding the occurrence of these virtgefactors ilmAeromonasspp. of

either human origin or food sources.

The exotoxins are major virulence factorsAgromonasspp. that include a
cytotoxic heat-labile enterotoxin (Act), also knowasa aerolysin/hemolysin (Chopra
et al., 1993); a cytotonic heat-labile enterotoxin (Alt)lsa known as lipase,
extracellular lipase, or phospholipase (Angetal.,1993; Chopraet al.,1996; Sha
et al., 2002); and a cytotonic heat-stable enterotoxin J(AGhopraet al., 1994).
These toxins are encoded by the gemets altandast (Sen and Rodgers, 2004). In
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our study, all the strains were screened by melkig?CR for different enterotoxin
genes. Among 158eromonasspp., 122 (78.70%) carried one or more enterotoxin
genes. In the PCR ass®gromonasstrains were found with different virulence gene
combinations. The dominant combination of entermt@enes wasact (67.09%) and

alt (63.22%) whileast (7.06%) presented least occurrence.

The act gene showed highest occurrenceAinhydrophila(86.48%). There
are reports on occurrenceast gene in 65% of thé. hydrophilaisolates originating
from clinical, food and environmental samples (Altaluet al.,2003; Kingombeet
al., 1999; Wuet al., 2007) and 83% of the food-borne isolates (Kingomebal.,
2010). Theactgene was detected in 85.7R4eroniibv sobriaisolates, which is in
contradiction to other studies (Kingombeal., 1999; Abdullahet al.,2003; Wuet
al., 2007). The observed discrepancies can be due ferafit sources of isolation.
The act gene showed comparatively less occurrencd. isalmonicida(30.77%),A.
popoffii (30%), A. trota (50%), A. schubertii (16.67%), A. jandaei (50%), A.
allosaccharophila(25%) andAeromonasspp. (61.54%). Lesser occurrence of the
enterotoxin genes has also been reported previg8siphaet al 2004; Kingombeet
al., 2010).

In conformation to the previous reports (Chaetral., 2003), thealt gene
occurred commonly (63.22%) #eromonasspp. in the present study. Th& gene
showed highest occurrence . caviae (90.25%) followed byA. hydrophila
(83.78%) andA. veroniibv sobria (67.85%). The results are in concurrence with the
findings of other workers (Sinhat al, 2004) withalt occurring more often .
caviae(97.3%) followed byA. hydrophila(88.6%) andA. veroniibv sobria (48%).
The slight difference could be due to differentrses of isolation. IA. salmonicida
(15.38%), A. popoffii (10%), A. trota (37.5%), A. jandaei (50%), A.

allosaccharophila (50%) and Aeromonasspp. (69.23%) thealt occurred less
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frequently as has been reported by Simtaal (2004). Thealt gene occurred
frequently in combination withact gene (47.09%), rather than alone or in
combination with other enterotoxin genes. The okekrhigh frequency of
occurrence of thalt gene and its combination with tlaet gene inAeromonasspp.
concurs with earlier findings (Abdulladt al., 2003; Saavedrat al.,2007). Theast
gene was detected A hydrophila(5.4%),A. caviag(15.62%),A. veroniibv sobria
(7.14%),A. trota (12.5%) andAeromonasspp. (7.7%). Sinhat al. (2004) detected
astgene inA. caviag(1.4%),A. veroniibv sobria (8%) andA. trota (10%).

Among various virulence factors, haemolysin is thest prominent factor
(Janda, 1991). Isolates in the present study wgeenimed for their haemolytic
properties on TSA plates containing 5% defibrinatedbbit or sheep blood.
Haemolysis was observed in 100% and 93.75% ofshlates on RRBC and SRBC,
respectively. Haemolytic properties in sheep blagdr was observed in 91.89% of
A. hydrophila 96.85% ofA. caviae 76.92% ofA. salmonicida90% ofA. popoffii
87.50% ofA. trota 83.33% ofA. schubertii 75% ofA. allosaccharophila92.32%
of Aeromonasspp. and all the isolates Af veroniibv sobriaandA. jandaei These
results, therefore, indicate increased sensitiity RRBC compared to SRBC
towardsAeromonasiaemolysin. Similar differences between RRBC aR8G have
also been reported by Santsal (1999). High prevalence of haemolytic properties
is common among Aeromonads from different sourcesaur results are in concert
with earlier reports (Gragt al, 1990; Singh and Sanyal, 1992; Krovacetkal,
1994; Kuhret al, 1997a; 1997b).

The in-vivo virulence characterization was studied by vascpi&ameability
reaction in rabbit skin. The presence of enterotaygénes in Aeromonads can to
some extent determine pathogenic nature of orga(B&nimaet al, 2004). Therefore,

the representative isolates with different entestot gene pattern were used to study
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thein-vivo virulence. More severe VPR was produced by thiates carrying all the
enterotoxin genes. The higher VPR zones were redoird the isolates carryiragt
and ast genes. There is a good correlation between thetanit enterotoxinsalt
andasb and elongation of Chinese hamster ovary cells @oduction of c-AMP,
which is typical enterotoxic activity (Chopret al, 1994). It is evident from a
previous study (Shat al, 2002) that Act is the major enterotoxin conttibg to
fluid secretory response, followed by Alt and Astezotoxins inA. hydrophila The
presence of three enterotoxins in various comlonatiin differentAeromonas
strains could increase or decrease expressioneogpkcific enterotoxin gene and
thus dictate the severity of diarrhea (Skaal, 2002). Theact gene is known to
stimulate proinflammatory cytokine and eicosan@adaades in macrophages in the
rat intestinal epithelial cell line ICE-6, leading tissue damage and fluid secretary
response (Choprat al, 2000). Theast positive strains may not only induce an
infection but also causes intoxication due to tlrespnce of the heat stable
enterotoxin, even though the contaminated foodokehvas heat treated (Kingombe
et al, 2010).

Several studies have provided strong evidencesiiaie bacterial epidemic
clones could circulate in an infected populatiom s®veral years and may be
responsible for outbreaks in future (Rethal.,1996; Caugant, 1998; Robinsenal.,
1998). RAPD results of our study did not yield eglowenetic diversity. But in this
study, only one primer was used and that primehtmgt have amplified the genes.
Sporadic studies are available on the relationbkigveen clones of the pathogenic
Aeromonasspp. from clinical human cases and the environnhemd food sources
responsible for transmission of Aeromonads. The datlicated that the clinical
isolates from human cases formed a group of umetlatrains and, therefore,

children were not presumably infected with clonaliglated strains. Similar
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observations have also been published by some vgogkeviously (Moyeret al.,
1992; Szczuka and Kaznowski, 2004). The strains fiater and fish were closely
related to each other compared to isolates fronothlr sources. Since most of the
water samples were collected from streams, inletcss to fish ponds and the ponds
themselves, the isolates recovered from fish aedwhter might have a common
origin or developed a closed relationship in theadig environment. Moreover, there
is hardly any stream or a water body in Kashmifteyalhich does not harbor fishes
as part of the ecosystem. The strains isolated fcbmical cases were related to
water as was shown by dendrogram, suggesting tlssilplity of waterborne
Aeromonagdnfection in humans. These findings are agreemsattt the findings of
various authors (Martinetét al.,1993; Krovacelet al.,1994; Pinet al.,1995; Talon
et al.,1996; Kuhnret al.,1997a; 1997b; Demartt al.,2000).

Global concern over the use and abuse of antilm@l® and subsequent
emergence of drug resistant microbes is increadiige spread use of antibiotics
for treating bacterial diseases and sub-therapeldses of antibiotics in animal
husbandry and aquaculture are chiefly responsible emergence of antibiotic
resistance (Vivekanandha al, 2002). The situation is more serious in develgpi
countries including India where regulatory contoekr usage of antibiotics is less
stringent with extensive use of antibiotics in aalinmusbandry and aquaculture
(WHO, 2000; Vivekanandhaet al, 2002). The next step in the “drug-resistance”
menace is the transfer of resistance to susceptideobial population leading to
compromising of the clinical efficacy of antimiciab agents (Salyers and Whitt,
2002). Aeromonasspp. are known to be able to transfer antibiogsistance

horizotally to other pathogens (Bruun and Scmi@3).

In the present study, attempts were made to docunantibiotic

susceptibility/resistance pattern Akromonasisolates from different sources. All
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isolates were tested against a panel of 20 antitiakr agents. A high sensitivity of
Aeromonas spp. was observed against enrofloxacin (96.77%proftoxacin
(94.19%), ofloxacin (92.9%), -ceftriaxone (90.32%iMorfloxacin (85.81%),
tetracycline (85.81%), gentamicin (84.52%) and ayxline (83.23%). These results
are in concurrence with the reports of Soliman @9€handrakantlet al. (2000),
Yucel and Ctak (2003), Emekdeasal (2006), Kaskhedikar and Chhabra (2010) and
Dallal et al (2012) who reported inhibition of most of tiAeeromonasspp. by
cephalosporins like cephotaxime, aminoglycosidggpfioxacin, chloramphenicol,

tetracycline and nitrofurantoin.

In contrast to this, a high degree of resistance m@ted against ampicillin
(97.42%) with most of the isolates showing no iitoity signs on the agar plates.
The results are in agreement with previous repoftsd00% resistance against
ampicillin by other workers (Goni-Urrizat al, 2000a; 2000b; Subashkunetral.,
2006; Meiyantiet al, 2010). The inherent resistance of Aeromonadsnsga
ampicillin has been used to the advantage of it8vation in the selective media
(ADA) which contains a considerable amount of tmildotic to suppress other
commonly occurring bacterial species. The otheibanics against which high
resistance was noted were roxithromycin (70.32%)0xycillin (72.9%), penicillin
G (87.74%) and ampicillin/cloxacillin (89.03%). Higesistance aAeromonasspp.
against antibiotics like penicillin, amoxycillin,mxicillin/sulbactam have been
published previously as well (Guertal., 2007; Ghenghesdt al, 2008).

An intermediate resistance was noted against kgciam (38.71%),
sulphadiazime (32.9%), ceftazidime (32.26%), neamyd5.16%), streptomycin
(54.84%), erythromycin (61.29%) and cephalexin Z8%). The findings are in
agreement with previous reports (Goni-Urrétaal 2000a; 2000b; Sinhet al, 2004;
Subashkumaet al., 2006).
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Interestingly, most of theé\. trota isolates expressed resistance towards
ampicillin in the present study. This is in costravith earlier findings (Overman
and Janda, 1999). Some workers have also obseregobysly the susceptibility of
A. trota against ampicillin (Carnahaet al, 1991). Therefore, incorporation of this
antibiotic in the selective medium may inhib#. trota rendering the studies
erroneous. were unlikely to be recovered in thegmestudy as the isolation medium
contained ampicillin (10ug/ml). Moreover, in antibiotic sensitivity testintdpey
showed resistance to 1@®/ml of ampicillin. However, in light of the facthat
minimum inhibitory concentration for 90% . trota organisms being §g/ml
(Overman and Janda, 1999) it may be postulatedAh#tota isolates might have

acquired some degree of resistance to ampicillin.

The similarity in sequences between the enterntggnes oAeromonaspp.
in present study with those from other sequencasgadle in Genbank indicates the
potential pathogenic nature of Aeromonads and gesghilarity of the enterotoxin

genes.
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Chapter-6
SUMMARY AND CONCLUSION

Of the total 609 samples of water, food and humagiroscreened for the presence
of Aeromonasspp., 155 (25.45%) samples were positive. Thegbeece in water,
fish, raw meats and human diarrheal samples we&7289.30, 19.29 and 7.23%,
respectively. Fish samples from retail market weighly contaminated (77.94%)
compared to samples from government (13.23%) aivatpr(8.82%) fish farms. A
total of 33 Aeromonasspp. were obtained from raw meats of which 19 82%)
were from mutton, 8 (14.03%) were from chicken &r({d9.35%) were from beef.

Irrespective of the source the species that cdnddrecovered werd\.
hydrophila (23.87%), A. caviae (20.64%), A. veronii bv sobria (18.06%), A.
salmonicida(8.39%),A. popoffii(6.45%),A. trota(5.16%),A. schuberti(3.87%),A.
jandaei (2.58%) andA. allosaccharophila2.58%). Thirteen isolates (8.39%) were
identified to genus level. The 48 isolates recostdrem water were identified &&.
hydrophila (31.25%), A. caviae (25.00%), A. veronii bv sobria (16.67%), A.
salmonicida(10.41%),A. trota andA. popoffii(4.16% each)A. schubertii(2.08%)
and Aeromonasspp. (6.25%). A total of 68 isolates were isoldten fish samples
of which the most prevalent species washydrophila(22.05%) followed byA.
veronii bv sobria (16.17%), A. popoffii (11.76%), A. salmonicida(11.75%), A.
caviae (8.82%), A. trota (5.88%), A. schubertii(5.88%), A. jandaei(4.41%) and
Aeromonasspp. (10.29%). The 19 isolates recovered from onutf which 5, 4, 3,
2, 2 and 1 were identified & caviagA. veroniibv sobria A. hydrophila A. trota
A. allosaccharophilaand A. jandaej respectively. In chicken samples the isolates
were identified asA. caviag (3), A. veroniibv sobria (2), A. hydrophila(2) andA.
schubertii (1). Six isolates from beef samples were assigoed.tcaviae(2), A.
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hydrophila (2) and A. veronii bv sobria (1). The isolates from human diarrheal

samples were assignedAocaviag4) andA. hydrophila(2).

Of the 155 phenotypically identifieeromonaspp., the genus specific PCR
confrmed 153 isolates a#\eromonas The two unidentified isolates were
phenotypically identified asA. salmonicida and Aeromonas spp. Restriction
fragment length polymorphism studies é#fromonasisolates were based on
variations in 16S rRNA gene of isolates identifledm RE pattern obtained by
digestion with selected enzymes. PCR amplified ssgnof 16S rRNA gene, on
digestion with various enzymeal@l, Mbol, Narl andHadlll) yielded RE pattern as
expected. Analysis of RE digestion pattern indidatieat patterns can be used to

identify the species dieromonadarring few exceptions.

The typing of the Aeromonads isolated from différeources was studied by
RAPD and ERIC PCR. There was variability among nudsA. hydrophilastrains,
but some isolates recovered from water were idanta strains isolated from fish.
There was a high relatedness among some straiAs @éroniibv sobria isolated
from water and some strains isolated from fish wadse related. Two isolates Af
veronii bv sobria recovered from fish were related to water and theas also
relatedness among one isolate each recovered femhdnd chicken. There was
close relatedness among the isolate®\ ofalmonicidarecovered from water and
fish. TheA. popoffiiisolates from water formed close cluster and cldaster was
also formed by fish isolates. The trota strains showed less relatedness amongst
each other. Two clusters were formedAyschubertiisolates and two isolates from
fish were identical. The four isolates Af allosaccharophilavere less related and
separate cluster was formed by isolates from fighisolates from water. There was
a high variability among the 13 unidentifié@romonasspp. However, isolates from

fish showed distinct cluster compared to isolatesfwater, beef and mutton.
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To ascertain pathogenic potential A&romonassolates characterization of
virulence factors was carried out at molecular g@henotypic level. Molecular
characterization of virulence factors in this stwhcompassed PCR based detection
of three enterotoxin geneact, alt andas) amongAeromonagsolates. Thect, alt
andastgenes were detected in 104 (67.09%), 98 (63.22%)14n(7.06%) isolates,
respectively. The enterotoxin gene pattern in sodates was eithexct, alt, act/alt,
act/alt/astor act/ast. The act/alt pattern was present more often (47.09%) followed
by act (13.54%),alt (10.96%) act/alt/ast(5.16%) andact/ast(1.93%).

The haemolytic property was tested on blood adatep with 5% sheep
blood agar or 5% rabbit blood agar. Results of thé revealed 100% of isolates to
be haemolytic on rabbit blood agar plates while29% of isolates caused
haemolysis of sheep blood agar. This indicatedgadri sensitivity of rabbit blood

agar towards aeromonal haemolysin.

Enterotoxigenic potential of isolates was testgdvascular permeability
reaction in rabbits. The VPR zones were pronourafeet 12 hours of intradermal
injection of Aeromonasnterotoxin and ranged between 7 and 19.6 mmaimeler,
with overall average zone of VPR as 10.91 mm. Ttieins with presence of
enterotoxin genes showed higher VPR zones compétkdsolates not carrying any
enterotoxin gene. Among the isolates, the avexéfe zones foA. hydrophila A.
caviae and A. veronii bv sobria was 12.36 mm, 11.28 mm and 8.65 mm,

respectively.

To characterize Aeromonas spp. with regard to their antibiotic
sensitivity/resistance profiles, all isolates wersted against 20 antimicrobial agents
by standard disc diffusion technique. Results ab thtudy revealed uniform

resistance against antibiotics like ampicillin, aeijn/cloxacillin, polymyxin B,
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amoxicillin, roxythromycin, erythromycin and streptycin. The isolates were
highly sensitive to enrofoxacin, ciprofloxacin, @fhacin, ceftraixone, tetracycline,
norfloxacin, gentamicin and doxycycline in ordem Mtermediate resistance was
noted against kanamycin, neomycin, sulphadiazieiazidime and cephalexin.

The sequence analysis by online BLAST programmeateld that the sequences of

alt, ast andact genes were identical to other isolates.
The followingconclusionswere drawn from current study:
* This investigation recognized a considerable penad of Aeromonads in
humans, drinking water and food samples.

* The predominant species recovered from all sounage A. hydrophila, A.

caviaeandA. veroniibv sobria

 The predominant species recovered from human diakrbases wag\.

caviae

* The molecular methods like RFLP can validate tlentification procedures

of Aeromonas

* ERIC PCR is useful method for distinguishidggromonasspp. and for

epidemiological investigation.

* The RAPD method used in the current study for aslyor typing of
Aeromonasstrains may not be recommended because the st not be

typed by this method.

* A multiplex PCR has been developed, to detect tadl three enterotoxin

genes imleromonaspp. simultaneously.

* Predominant enterotoxin genes in Aeromonads \@etandalt andastwas

the least prevalent enterotoxin gene.
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The dominant gene pattern waalt.

The virulence potential of isolates can be bettedied by haemolytic
activity on sheep blood agar.

The in-vivo virulence study in rabbit was directly relatedthe presence of

enterotoxin genes.

The flouroquinole group were found highly effectiamtibiotics against

Aeromonads among which enrofloxacin was the mdestg¥e antibiotic.

The gene sequences of the three enterotoxin gesresquite similar to other
sequences available in the GenBank.
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APPENDIX-I|

1. PHOSPHATE BUFFERED SALINE (PBS)

Ingredients

Sodium chloride 8.00g
Disodium hydrogen phosphate 1.449
Potassium dihyrogen phosphate 0.249g
Potassium chloride 0.20g
Distilled water 1000.00 ml

2. OXIDASE REAGENT

Ingredients

N,N,N,N Tetramethyl-P-Phenylenediamine 109
dihydrochloride

Distilled water 10.0 ml

The reagent was prepared fresh every time andwisedut
sterilization.

3. AESCULIN AGAR

Ingredients

Aesculin 10g
Agar 40.09g
Ferric citrate 0.5¢g
Peptone water 1000.0 ml

4. o- NAPTHOL SOLUTION

Ingredients

a- napthol 50¢g
Ethanol 100.0 ml




5. AMPICILLIN DEXTRIN AGAR

Ingredients

Tryptone 509
Dextrin 10.0g
Yeast extract 2.0g
Sodium chloride 3.0g
Potassium chloride 2.0g
Magnesium sulphate 0.2¢g
Iron (iii)chloride 0.1qg
Bromothymol blue 0.08g
Agar 15.0g
Distilled water 1000.0ml
pH :8.5+0.1

After autoclaving cool to 45-50°C and add ampigito a final
concentration of 10 pg/ml.

6. VOGES-PROSKAUER TEST
GLUCOSE-PHOSPHATE BROTH (VP test medium)

Ingredients

Peptone 059
Dipotassium hydrogen orthophosphate 5049
Distilled water 1000.0 ml
Glucose 50¢9
pH: 7.5

Sterilize at 11%C for 10 min.
7. POTASSIUM HYDROXIDE (40%)

Ingredients
Potassium hydroxide (40%) 40049
Distilled water 100.0 mi

It was sterilized by filtration.



8. BROTH SUGARS

Ingredients

Peptone 10049
Meat/Beef extract 3.0¢g
Sodium chloride 5049
Distilled water 1000.0 mi
Bromothymol blue solution 12.0 ml
pH: 7.1+0.1

After autoclaving aseptically add filter steriliz&élo appropriate
carbohydrate. Mix well and distribute in sterilstteubes. Add inverted
Durham's tube and remove any trapped gas. SteaB0 fimmin.

9. BROMOTHYMOL BLUE INDICATOR SOLUTION

Ingredients

Bromothymol blue 100 mg
Sodium hydroxide (0.1N) 2.5 ml
Distilled water 47.5 ml

10. NUTRIENT AGAR

Ingredients

Peptic digest of animal tissue 5 g/l
Beef extract 1.54l/
Yeast extract 1.54l/
Sodium chloride 59/l
Agar 15 g/l

Suspend 28.0 g in 1000ml distilled water. Heat adiry to dissolve
the medium completely. Sterilize by autoclavinglat Ibs pressure
(121°C) for 15 min.



11. DECARBOXYLASE MEDIUM

Ingredients

Peptone 50490
Yeast extract 3.0g
Glucose 10g
Distilled water 1000 ml
Bromocresol purple (0.2%50In.) 10 ml

Dissolve the solids in water and adjust pH to 8dd indicator
solution and divide base in 4 equal volumes. Sterlby autoclaving
and add following:

1st flask L. arginine hydrochloride 0.5%

2nd flask L. Lysine hydrochloride 0.5%.

3rd flask L. ornithine hydrochloride 0.5%.

4th flask No addition (Control)

Readjust pH to 6.7, if necessary. Dispense in 2aliimes in small
tubes and sterilize at 145 for 10 min.

12. TRYPTONE WATER

Ingredients

Tryptone 10.0g
Sodium chloride 5049
Distilled water 1000.0 ml
pH: 7.2+0.2

13. KOVAC’'S REAGENT FOR INDOLE

Ingredients

p- dimethylaminobenzaldehyde 50¢g
Amyl alcohol 75.0 mi
Conc. HCI 25.0 ml%

Dissolve the aldehyde in the alcohol by gently wiagmn a water bath
a('g about 50-5%. Cool and add the acid. Protect from light amdesat
4°C.



REAGENTS FOR AGAROSE GEL ELECTROPHORESIS
1. Tris —EDTA (TE) Buffer (pH 8.0)

Ingredients
Tris HCI (pH 8.0) 10 mM
EDTA (pH 8.0) 1 mM

2. TRIS -Acetate EDTA (TAE) buffer (50x)

Ingredients

Tris base 242 g
Glacial Acetic acid 57.1ml
EDTA (0.5M; pH 8.0) 100 ml
DW to make 1000 ml

3. ETHIDIUM BROMIDE

Ingredients
Ethidium bromide 10 mg
DW iml

4. LOADING DYE (6X)

Ingredients

Orange G 0%
Xylene cyanol 0%
Bromophenol blue 0%
Glycerol 60%
EDTA 60mM

Stored at &£



1.

APPENDIX-II

Gene Sequence of cytotoxic enterotoxina¢t) gene of Aeromonas
hydrophila strain JKAHM3, partial cds

ACCTTGTCAGCTCTGGATAT TCCAGACGGT GACGAAGT GGACGT GCAGT GG
CGACTGGTACACGACAGCGCGAATTTTATCAAGCCAACCAGCTATCTGECG
CATTATCTCGGTTATGCCTGEGT GEGT GGCAAT CACAGCCAATATGTCGGT
GAAGACAT GGACGT GACCCGT GATGGCGATGECTGEGT GATCCGT GGCAAC
AAT GACGGECGGT TCCGAGGEGTATCGT TGT GGCGAGAAGACGGCCATCAAG
GICAGCAATTTTGCGTACAACCT GGACCCT GACAGCT TCAAACATGGT GAT
GI'GACCCAGT CTGATCGCCAGCT GGT CAAGACGGT GGT GEGECTGEECGATC
AACGACAGCGACACCCCGCAATCCGECTATGATGTCACCCTGCGT TACGAT
ACCGCCACCAACT GGT CCAAGACCAATACCT ATGECCT GAGCGAGAAGGT G
ACCACCAAGAACAAGT TCAAGT GECCACT GGTAGEEGAAACCGAACTCTCC
ATCGAGATTGT GGCCAACCAGT CCTGGEECCT CCCAGAACGGEGEGATCTACC
ACCACCTCCCT GT CGCAAT CCGT GCGECCGACGGT GCCGECCCELCTCCAAG
ATCCCGCGT GAAGATCGAGCT CTACAAGCCTGACATCTCCTATCCCTATGAA
TTCAAAGCCGATGTCAGCTATGACCT GACCCTGAGCGGECTTCC

Protein Sequence

TLSALDI PDGDEVDVQWRLVHDSANFI KPTSYLAHYL GYAWGGENHSQYVG
EDVDVTRDGDGWI RGNNDGGCEGYRCGEKTAI KVSNFAYNL DPDSFKHGD
VTQSDRQLVKTVWGWAI NDSDTPQSGYDVTLRYDTATNWSKTNTYGL SEKV
TTKNKFKWPLVGETEL SI EI VANQSWASONGGST TTSL SQSVRPTVPARSK
| PVKI ELYKADI SYPYEFKADVSYDLTLSG-



2.

Gene Sequence of cytotonic heat labile enterotoxifalt) gene of
Aeromonas hydrophila strain JKAHM3, partial cds

ATGACCCAGT CCTGGCACGECGCCAT CCCCAGCCTGTACGCCATCGCCA
ATGCCCTGAAAGCGT CCGACAGCGAAGT GATCECCGEECT GGTGEEECEC
GGGT G GGACCCGECCCT GCTGECGACGCT GAT TGCCGAT CCGACCCGT
CAGGCCGAGCT GCTGECCGAGGCGAGCAAGCTGATCGEGEGTGACCCTCA
CCTCCGGCGGECAAGCCCCT GGATGCCGAGCAGAACATCGGCCGCTTCAA
CCCGCTGCCCAT GCTGGAAGAGGT GCAGT CGGTGCCGATGCGEGTCTTC
GCCAAGGATGCCCTCAACACCATCACCGACGT GATCATCTACCAGCACG
GCGTGACT TCGGT GAAAGAGAACGCCTATGCGCT GGCGCT GGGCCAGAT
CTATGCCGGCAT GCAGCCAGCCAAGAAGGT GGCGCTGGTGGTGATCGAT
CACC

Protein Sequence

MI'QSVWHGAI PSLYAI ANALKASDSEVI AGLVGAGVDPALLATLI ADPTR
QAELLAEASKLI GVTLTSGEKPLDAEONI GRFNPLPM_EEVQSVPVRVF
AKDALNTI TDVI | YQHGVTSVKENAYALAL GQ YAGMQAGKKVALWVI D
H



3. Gene Sequence of cytotonic heat stable enterotoxifast) gene of
Aeromonas hydrophila strain JKAHM3, partial cds
CGCCATCAACAGCT CGCCCATCGT CAGCGACAGCTTCTTCATTACCCCCCA
GAATCCACT GGT CAATACCCGGEGECT TACGAGGGT GGCGT CAGCCAGCTGAT
CCCGCTCAAGCT GCCGCT CEGCCCAGGGCAAGCCGCT CAGCTATCGCACCTA
TGTCGGCACCT TTGGECGAGGEGT CAGCT CAGGCGCGACT TCAACCGCTTCCT
C

Protein Sequence

RHQQL AHRQRQL L HYPPESTGQYPG. RGARQPADPAQAAARPGQAAQL SHL
CRHLWRGSAQARLQPLP



4. Gene Sequence of cytotonic heat labile enterotox{alt) gene of
Aeromonas caviae strain JKACDA4, partial cds

TGCCGGCAT GCAGGCAGGCAAGAAGGT GECCCTGGTGGTGATCGATCACCC
GCTGCACGGT GAGCGT GECTTCGCT CTGAGT GGCAGCATGGECGACCGT GAC
CACCTCCGACAACCCGACCCCGTATCTGAACCTGAGCTACCTGACAGT GGC
CCGCGACAACCT GAAACAGAGCGT GECGEGATCTGCTGEECCTGCGTCTGEC
GGT CGGT CTGGECCAAT GCCAAGGGECGCCAT CGGGACGCCCGECAACCT CAA
GGTGCACTTCCTGGEGT CACT CCCTGEEEECCATTTCGEGTACCAACCT GCT
GGECGGT CGCCAACCAGACCCT GGGECAACGCGCAGGEGEGATGCCCTGT TCAA
GI'TCGACACCGGT GGT CTGECCAT GCCGEGT GECEECATAGCGCCECT GCT
GCTGAACT CGCCGACCT TCGECCCGACCAT CAAGAT GEECGT GCTGACCAG
CGGCAGT GCCGAGCT GAAAGCGEGEGECT TCACCGCCTACGCGCCCAACTGCAA
GACCGCGGT

Protein Sequence

CRHAGRQEGGAGGDRSPAAR. AW RSEWQHGDRDHL RQPDPVSEPEL PDSG
PRQPETERGGSAGPASGERSGQCQGERHRDARQPQGAL PGSL PGGHFGYQPA
GGRQPDPGQRAGGCPVQVRHRWEGHAGARHSAAAAEL ADL RPDHQDGRADQ
RQCRAESGLHRLRAQLQDRG
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