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Shellfish samples obtained from four retail markets in Cochin were examined for the presence of pathogenic
Vibrios. A total of 110 samples collected during the period betvsgiember 2010 and March 2011 included shrimp,
crab and clams/ibrio species was detected in 65.5% of the samples. Six potentially pathvd®idcspecies such as
V. parahaemolyticu$68.1%), V. alginolyticus(18.1%), V. vulnificus(2%), V. cholerag(1%), V. harveyi(1%) andV.
mimicus(1%) were detected. Overall percentage of incidence was highest in clams (84.2%) followed by shrimps
(63.8%) and crabs (37.5%). When isolates were tested for their susceptibility to various antibiotics, highest incidence of
antibiotic resistance was evident against ampicillin and colistin followed by amoxycillin, carbenicillin, ceftazidime and
cephalothin and lowest against chloramphenicol, tetracycline and nalidixic acid. Multiple drug resistance was prevalent
among the isolates. Results indicate that the various seafood markets at the retail level in Cochin are contaminated with
potentially pathogeni¥ibrio species. If they survive insufficient processing/cooking conditions they would have an
impact on safety of processed/cooked ready-to-eat food.
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Introduction Antibiotic resistance in enteric pathogens is
becoming a critical area of concern in developing

Seafood, especially shellfishes can readily _ . . .
L . countries threatening the public health. Many bacteria
harbour pathogenic microorganisms because of theif - .
ave developed a range of very efficient mechanisms

filter feeding nature and also the microbe laden habita? der ineffective th ibiofi q st h
they inhabit. Shellfish pose a serious threat to publictO render inefiective the antiblotics used against them

health when contaminated with pathogenic bacteria-.rhIS situation actually brings human to new medical

It has been suggested thétrio species are the most dilemma and the consequences could be severe in a
common bacterial causative agents in food poisonindnickly populated country like India where there is
resulting from the consumption of shellfislibrios wide availability of antibiotics, without controls on
are natural inhabitants of both marine and estuarin@Ver-the-counter use. Resistant bacteria can make
environments but the consumption of raw or théir way directly to humans through consumption
insufficiently cooked seafood may lead to their ©f contaminated fogdor indirectly through the
transmission from environment to humaseveral transfer of their resistance genes into fish pathogenic
Vibrio species have been recognized as humaRacteria or human pathogéngxcessive usage of
enteropathogens and are the causative agents @ftibiotics in agriculture system resulted in the
shellfish-vectored illnesses ranging from development of drug resistance in seafood pathogens
gastroenteritis to septicemia and wound infeétion such asvibrio sp/. Studies on antibiotic resistance
Besides their potential pathogenicity to man, manyare important for the risk assessmentibfio species.
species have also been described as important fishhough large amount of data related to species of
and shellfish pathogens. clinical relevance is available, limited data is available
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for certain genera such &&brio, especially from supplemented with 3% NaCl and maintained at room
seafood In this background, the present study istemperature for further identification. Pure cultures
designed to assess the prevalence of pathogimio  of Vibrio isolated from different shellfish samples
species and their extent of the drug resistance iwere subjected to various biochemical tests described
shellfish samples collected the from retail fish marketsn the identification ke Sucrose non-fermenting
in Cochin. colonies from the TCBS plates were also subjected
_ to confirmation using the chromogenic medium
Materials and Methods (Hicrome Vibrioagar, Himedia).
A total of 110 shellfish samples were collected
from four retail fish markets situated in and around
Cochin at monthly intervals from September 2010 t
March 2011. Shellfish samples includBénaeus
indicus (n = 40), Penaeus monodo(m = 15),
Metapenaeus dobsor(m =12) Metapenaeus affinis
(n=14) andParapenaeopsis stylifef@ = 2) among
shrimps;Scylla serrata(n = 4), Portunus pelagicus
(n = 2)andCharybdis crussiatén = 2) among crabs
andVillorita cyprinoids(n = 19) among bivalves.

ConfirmedVibrio isolates were tested for their
susceptibilities to various antibiotics by Disk diffusion
Smethod®. The 13 antibiotics tested for this assay were
those for which breakpoints fdfibrio sp.have been
established. Disks with the following drugs and
concentration were used: ampicillin (10 mcg),
amoxycillin (30 mcg), carbenicillin (100 mcg),
ceftazidime (30 mcg), cephalothin (30 mcg),
chloramphenicol (30 mcg), ciprofloxacin (5 mcg),
colistin (10 mcg), gentamicin (10 mcg), nalidixic acid

Individual shellfish samples were collected in (30 mcg) streptomycin (30 mcg), tetracycline (30
sterile polyethylene bag and brought to the laboratorycg) and trimethoprim (5 mcg).

in an ice box. All samples were processed within  pyre cultures o¥fibrio isolates were enriched in

2 hours of collection. A septic procedures were strictly,ytrient broth (Himedia) at 3C for 6-8 h. The
followed during collection, transportation and cyjtures were then streaked over previously prepared
analysis of the sampldsolation of the genugibrios  puller Hinton agar plates (Hi-media, India) using a
were carried out by conventional isolation methodsterile cotton swab. Antibiotic disks were dispensed
following standard proceduteBriefly, 25 gram of  ysing a disk dispenser (Hi-media, India) sufficiently
flesh along with the gut of the sample wereseparated from each other so as to avoid overlapping
homogenized with 225 mL Alkaline Peptone Waterof inhibition zones. After 30 min the plates were
(APW) with 3% NaCl in a sterile polythene stomacherinverted and incubated at %7 for 16-18 h. The
bag (Masticator, IUL instruments, Spain) for 1 min inhibition zones were measured and compared with
and enriched by incubation at°g7for 18-24 h. the interpretive chart of performance standards for

After 18-24 h of incubation in APW broth. a antimicrobial disks susceptibility tests, supplied by

loopful of each enrichment broth was asepticallythe_ HlmeQ|a Iabor.atorles, Indla”and classified as
. . . resistant, intermediate and sensitive.

streaked on to sterile surface dried Thiosulphate
Citrate Bile salt Sucrose (TCBS) agar plates. The The Multiple Antibiotic Resistance (MAR) index
plates were incubated at°€7for 24 h. About 3—4 of the isolates was determined as the ratio between
sucrose fermenting and non-fermenting coloniegshe number of antibiotics for which an isolate is
having yellow and green color respectively suggestiveesistant and the total number of antibiotics to which
of Vibrios picked from TCBS plate were further the isolate was exposéd
streaked onto TCBS agar for isolation in pure culture

o ! . Results
Preliminary screening of isolates was done on the
basis of oxidase test, Gram staining and reactions on A total of 386 isolates obtained from 110 shellfish
Triple Sugar Iron agar. Presumptive positive isolatesamples were examined for the presence of genus
were streaked on to sterile nutrient agar slant¥ibrio. Bacteria belonging t&ibrio species were
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detected in 72 (65.5%) samples. Highest percentage All the isolates o¥ibrio sp.were 100% resistant

of contamination was found in clams (84.2%) to ampicillin. Colistin resistance was shown by 83%
followed by shrimps (63.8%) and crabs (37.5%). Theof the isolates. Resistance towards amoxycillin,
occurrence frequencies of various species are showgarbencillin, ceftazidime and cephalothin were

in Table 1. observed in 67% of the isolates. All thébrio sp.
Among the six species of pathogeMibrios, = were sensitive (100%) to chloramphenicol,
V. parahaemolyticusvas the most frequently isolated tetracycline and nalidixic acid.
species (68.1%) followed by alginolyticug18.1%). L . :
V\r;hen thge conta)mination fr%ugnciei of ti(e shell?ishes Among the individual _spemée{, parahggr_nolytlcus
collected from the four retail markets were compared!Solates were most resistant to ampicillin (100%),
it was found that all the samples collected from markegtreptomycin (100%) and cephalothin (100%). All the
3 (100%) and nearly 88 % of samples from market 2solates tested remained susceptible to
were contaminated. The fishes collected from market thloramphenicol (100%) and tetracycline (100%).
showed recovery rate of 57% followed by market 40nly 15% showed sensitivity towards trimethoprim

(44%). and gentamicirV. alginolyticusandV. vulnificusvere
Antibiotic resistances of the selected pathogenid €Sistant toampicillin, amoxycillin, carbencillin,
Vibrio isolates to individual antibiotics, tested by the ceftazidime, cephalothin and colistin. Both of them
disk diffusion method are summarized in Table 2.were sensitive to chloramphenicol, tetracycline and
Isolates show varying degrees of inhibition againsthalidixic acid andV. vulnificuswas sensitive to

the 13 different antibiotics tested. ciprofloxacin but resistant to streptomycin.

Table 1—Isolation frequency &brio sp. from shellfish samples of Cochin market

Sample No. of samples Samples positive for  No. of strains Vibrio species encountered
analysed Vibrisp. isolated

No. %

Shrimps 83 53 63.8 38 V. parahaemolyticus*
10 V. alginolyticus*
2 V. vulnificus*
1 V. cholerae*
1 V. harveyi*
1 V. mimicus*
Crabs 8 3 375 1 V. parahaemolyticus*
1 V. proteolyticus
1 V. calviensis
Clams 19 16 84.2 10 V. parahaemolyticus*

3 V. alginolyticus*

V. litoralis

V. fischeri
Total 110 72 65.5

* Pathogenicvibrio species
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Table 2—Antibiotic resistance of pathogeNibrio isolated from shellfishes of Cochin market
Antibiotic VP VA A% VC VH VM
(n=24) (n=3) (n=2) (n=1) (n=1) (n=1)

Ampicillin (10)* 100% 100% 100% 100% 100% 100%
Amoxycillin (30) 90% 100% 100% - - 100%
Carbencillin 100) 95% 100% 100% - 100% -
Ceftazidime (30) 96% 100% 100% - 100% -
Cephalothin (30) 100% 100% 100% - - 100%
Chloramphenicol (30) - - - - - -
Ciprofloxacin (5) - - - - - -
Colistin (10) 95% 100% 100% 100% 100% -
Gentamicin (10) 10% - - - - -
Nalidixic acid (30) - - - - - -
Streptomycin (30) - - 100% 100% - -
Tetracycline (30) - - - - - -
Trimethoprim (5) 10% 100% - - 100% -

VP - V. parahaemolyticysvA - V. alginolyticus VV - V. vulnificus VC - V. cholerae,

VH - V. harveyj VM - V. mimicus.

*Values in paranthesis indicate concentration of antibiotic in micrograms (ug)

Among the ten different resistance profileswas detected in 93% of the isolates. Similarly
observed, resistance to ampicillin, cephalothinresistance to five, six and seven antibiotics were also
carbenicillin and ceftazidime occurred mostprominent. Of the totaVibrio isolates, 69% were
frequently. Multiple drug resistance was prevalentresistant to seven antibiotics, 21% were resistant
among the isolates (Table 3). Quadruple resistancagainst five antibiotics and 10% were resistant against

Table 3—MAR index and resistance patterns of pathogéhi isolates from shellfishes of Cochin market

Vibrio sp.

V. parahaemolyticuél)
V. parahaemolyticugl?7)
V. parahaemolyticu§?)
V. parahaemolyticu§?)
V. parahaemolyticugl)
V. parahaemolyticuél)
V. alginolyticus 8)

V. vulnificus(2)

V. mimicug1)

V. cholerag1)

V. harveyi(1)

MAR index

0.62
0.54
0.46
0.35
0.35
0.31
0.54
0.54
0.23
0.23
0.35

Resistance Pattern
A,Am,Cb,Ca,Ch,CI,G,S
A,Am,Cb,Ca,Ch,CI,S
A,Am,Cb,Ca,Ch,Na
A,Am,Cb,Ca,Ch
A,Cb,Ca,Ch,S

A,Ch,Cl,

S

A,Am,Ch,Ca,Ch,CI,Tr
A,Am,Cb,Ca,Ch,CI,S

A,Am,Ch
A,CI,S

A,Cb,Ca,Cl,Tr
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3-4 antibiotics. 93% of the isolates were having a Among the various samples analyzed, the
MAR index >2.0. contamination frequency was highest in clams
followed by shrimps and crabs. Molluscan shellfish
primarily oysters, clams and mussels are filter feeders

The incidences dfibrio infections are onthe rise and accumulate different types of microorganisms
in several parts of the world especially in developingfrom the surrounding waters. Shellfish may be
countries where sanitation is grossly inadequate. Witlgontaminated witVibrio sp.at harvest, but in limited
the appearance of pandemic clones of greater infectiieumbers. As this does not constitute an infectious
ability pathogenicvibrios are posing a serious and gose, further bacterial multiplication increases it to
global threat to human health ten fold during marketing. Ingestion of raw or

In the present study, 65.5% of the shellfishundercooked shellfish could cause an infection

samples were found to be contaminated Withrio especially when bivalves are eaten raw or with
species. Six pathogenic species were identifiedninimal heating.

among which the most prevalent one was
V. parahaemolyticu$ollowed by V. alginolyticus,

V. vulnificus, V. cholerae, V. harvegmdV. mimicus.
This is in agreement with the findings that potentially
pathogenic humavibrio spp.are common in seafood
products at the retail level and 7@¥wshellfish were
found to be contaminated among which
V. parahaemolyticusind V. alginolyticuswere the
most frequently isolated species althodgbholerae
and V. vulnificuswere also recoverédl Eight

Discussion

The proper handling of fish between capture and
its delivery to the consumer is a crucial element in
assuring the final quality of the product. Presence of
bacteria harmful to man is generally an indication of
poor sanitation while handling and processing the fish
and the contamination is almost always of human or
animal origin. Pre-harvest and post-harvest
contamination of seafood is higher in densely
populated countries such as India because the

potentially pathogeni®/ibrio species were isolated estuaries e_m.d. coastdal r\]/vaferdb.odles are SO”Zd with
from the samples obtained from seafood markets anflautr]nan iCt'V't'eIS r;n the fan ‘N9 ggntrers] and open
supermarkets which included parahaemolyticus, Ish markets only have poor sanitatforPathogenic

V. alginolyticus, V. vulnificus, V. choleraé mimicus, V|br|.o.s grows extremely fast under favorable
V. metschnikovii. V. damsedmdV. fluvialis conditions. For many cases ¢f parahaemolyticus
’ gastroenteritis, there is evidence of inadequate

Studies on the microbial quality of the seafoodtemperature holding, post-harvest or post-processing,

samples comprising of shellfish, finfish, and which would allow the development of infections.
cephalopods collected from various fish markets in

and around Cochin indicated that the prevalence of Studies on the microbial quality of seafood
V. parahaemolyticusvas highest in the shellfish samples sold in the retail markets of Cochin have
samples (64%) compared to finfish and cephalofods revealed that 72% of the samples were of poor quality
It was apparent from their studies that the quality ofP@sed on TPC levels? In this study as many as six
fish sold in domestic markets was very poor. In ourPathogenid/ibrio species were isolated from shrimps
study, 68% of the shellfish samples were found to b@mong whichV. parahaemolyticu£72%) was the
contaminated withV. parahaemolyticusvhich is ~ Most dominant one. Sanjeev and Stephefso
higher than the previous report from the samdevealed that about 72% of different species of
geographical area. This bacterium is a prevalenghrimps marketed from the same areare
seafood-borne pathogen in many Asian countrie§ontaminated withv. parahaemolyticusSeveral
where marine foods are frequently consuthedd  authors reported the incidencewoparahaemolyticus
has been reported as the causative agent dfom various markets located in southwest coast of
gastroenteriti§, wound infections, and septicemia India>***¢Reports indicate that parahaemolyticus
due to the consumption of contaminated seafoods. is prevalentn shellfishes from the Southettr®and
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Eastern parts of Indi&®*. The higher incidence in the temperature, this procedure is not always correctly
shrimps can be correlated with the ability of thisapplied and it is frequently been observed to have a
bacterium to utilize chitin, which is abundantly low amount of ice covering the fish in a subtropical
available in the crustaceans. Moreover, shrimps arelimate. Studies carried out have also demonstrated
rich in free amino acid content, which serves as arthat microbial contamination in fish was mainly
excellent growth medium and thereby shellfishescaused by lack of sanitary procedures in handling fish
provide an ideal substrate for the survival andduring transit from the sea to the market and also
proliferation of this bacterium. during the sale of fish

It is well known thatV. parahaemolyticusells At retail markets, the fish skin and gills are in
multiply rapidly with increase in ambient temperature,direct contact to microbial contaminants in the
therefore rising sea temperatures and non-refrigerateghvironment. This condition may accelerate the
post-harvest storage may significantly increase thgrowth of most of the pathogenic bacteria. Fish were
exposure of the consumer to potentially pathogeniglisplayed on top of ice chests during sale could further
strains of this organisth However, studies on the increase the risk of microbial contamination. The
occurrence of potentially pathogenitbrio species —growth of pathogenic microorganisms was favoured
in raw seafood normally used as ingredients in readyin warmer temperature conditions. This suggests that
to-eat seafood products, that were commerciallyrapidly chilling fish after harvest could reduce
available in Thailand revealed thdt alginolyticus ~ POssibility of proliferation of these organisms.
was the most frequently found species, followed byPrevious studies have also indicated that fish should
V. parahaemolyticysV. cholerae, V. mimicusnd be kept in cold conditions during transit and storage
V. vulnificug?® As a potentially pathogenic species, t0 reduce the risk and level @ibrios'. In our study,

V. alginolyticus constitutes a risk to human health. contamination of shellfishes with pathogekibrios

Its incidence is higher in regions of tropical andWas significantly different at different retail outlets.
subtropical climate and is associated with Fishsoldatroadside stalls (2 and 3) were found to be

gastroenteritis, wound and ear infectiéhs. highly contaminated. In markets 2 and 3, fish vendors
were selling fish next to the roadsides because of their
CDC recommends that all infections caused byeasy accessibility to the customers. Furthermore,
Vibrio species were to be classified as nationallyfishes were displayed on the roadsides by laying the
notifiable diseasé This highlights the importance fish bundles on paper boards and tarpaulin pieces with
of the genus for public health. Although the accurateng proper icing conditions and storage techniques.
source of the contamination has not been determinedthey are exposed at ambient temperatures to dust and
some existing conditions from capture to market carpollution from motor vehicle emissions. Since the
favor the survival and development of the climatic conditions are almost always warm, time-
microorganisms isolated such as lack of hygieneiemperature abuse of the seafood might have resulted
improper handling, cross-contamination and time/in the multiplication of pathogenic Vibrias them.
temperature abuse. Besides the quality of the wateTemperature is a crucial factor in the multiplication
time and temperature are two important factors folof bacteria. Recent findings have also shown that at
food quality because of its direct contribution to theambient temperature the microflora at the point of
proliferation of microorganisms. Even if the spoilage is dominated by mesophMibrionaceaé¢’.
refrigeration of the fish could be maintained underin markets 1 and 4 fish were displayed on tiled shops
ideal conditions from capture to retail market, duringwith steel trays rather than the tarpaulin pieces in
the commercialization in street markets theseoadside markets. Fish at these outlets are usually
conditions are hardly kept, as vendors do not possesgashed with water and kept in ice during display and
equipment that assures an ideal refrigeratiorsale, which is not practiced by the fish sellers near
condition. Although ice is alternatively used to keepthe roadsides. Fish samples sold at roadside stalls are
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mostly exposed to ambient temperatures with nahellfishes. From this study, it could be observed all
proper storage conditions. the Vibrio isolates were resistant to ampicillin,

. , , confirming that this is the most common resistance
Previous investigators have also reported that the "

. . ) amongVibrios*®. In China,Vibrio sp.isolated from
levels of Vibriosincrease in seafood that is exposed .
_Sparus sarbahas also shown resistance to
to temperatures from 20-3D. If the seafood is

diot ‘ t 26e@5moderate | | ampicillin®s, Studies conducted in 1978 and 2005,
exposed fo temperatures at . @mo erate levels reported ampicillin resistat parahaemolyticusn
of bacteria can increase to high levels within 283 h

the range of 40-90% respectivélsf. This observed
Cochin usually lies within this range and this may g ° resp ¥

) ; o resistance may be due to the fact that first generation
explain the presence C,)f pgthqgembrlo speC|.es _'n _antibiotics including ampicillin have been thoroughly
the samples. Storing fish in direct contact with ice ISahused in the environméeht The observed high

injurious toVibrios®. This is supported by our findings fpercentage of pathogeniébrios with reduced
that fish sold in outlets 1 and 4 had a lower level Osusceptibility to ampicillin suggests a potential for

contamination as fish were stored at low temperaturegy,,, efficiency of ampicillin in the treatment ¥forio
Storing fish at low temperatures may also reduce the,sactions.

numbers of the bacteria some extent. Reports have

indicated thawibrios dies at temperature of 06 According to the data from World Health
This implies that efficient monitoring of temperatures Organization Expert Consultations on “Critically
in fish markets should be practiced. In India, thelmportant Antimicrobials for Human Medicine”
physical facilities and infrastructure in all types of @moxicillin, streptomycin and carbenicillin is
fish markets are far from satisfact®tost fish considered as critically important in human medicine
landing centers and fish markets are old, crowded it0 {réat serious gram negative infections. So the
all the locations surveyed, with excess number 01re|ative|y high percentage of resistance might be due

traders selling fish even in the passages and withodp the fact that anthropogenic factors like hospital
proper infrastructure facilities resulting in poor fish €ffluénts might have influenced in the emergence and

handling. Most retailers were found selling fish by Maintenance of resistance Vfibrio spp.to these

the roadside without maintenance of quality orantibiotics. Interestingly, antibiotic resistance was
hygiene. The high recovery of pathogehibrios lower aggi_ngt ch_IoramphenicoI (0%), tetracycline
from outlets 2 and 3 may be due to the aforesaid®”?) nalidixic acid (0%) which are commonly used

reasons. These observations reinforce previous reporls 2duaculture farms through feeds during culture and

that a high percent of seafood products in the naturdl2{chery production of seeds. Similar reports were
environment harbor autochthonous pathogeni@va'lable_on Fhe susceptlblll'tyofghloramphenlcol and
Vibrios which may survive at the retail level and posetetracycllne '”SParUS sarban _Chmdz'_Th'S poorly.
a risk to some consumers. develop.ed resils.ta'mce. to.llfe savilng drugs like
tetracycline, nalidixic acid trimethoprim followed by
Most of the pathogenivibrios isolated in the chloramphenicol was also reported earfier
present study were found to be multi drug resistantAquaculture Authority of India banned about 20
Widespread use of antibiotics in food animalantibiotics and pharmacologically active substances
production systems has resulted in the emergence @icluding chloramphenicol and nalidixic acid for the
antibiotic resistant bacteria that can be transmitted t@se in aquaculture farfis Thus, these regulations
humans through the food chain. The infection withmight have restricted the use of these antibiotics in
antibiotic resistant bacteria is having a negativeaquaculture. Almost all the isolates tested here
impact on public health, due to an increased incidencdemonstrated multiple antibiotic resistance and
of treatment failure and severity of disease. Resultshowed a MAR index up to 0.6. MAR values >2.0
of this study confirm the widespread diffusion of are often considered to have originated from higher-
antibacterial resistances Mbrio isolates from risk sources of contamination such as humans,
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commercial poultry farms, swine and dairy cattle5.
where antibiotics can be ugé®ur findings indicated
that pathogenid/ibrios remained resistant to the

majority of antimicrobials tested. 6.

Despite their public health significance,
pathogenicVibrios have not been extensively
monitored for antimicrobial resistance, in contrast to
other enteric pathogens. Results of incidence of
multiple antibiotic resistances Vibrioswill help to
select their futuresein aquaculture as well as human
diseases, thereby reducing the serious health hazargs
to human and animals especially, in a country like
India where the sanitary and hygiene measures are
not up to the mark. The occurrence of multiple-drug
resistance emphasizes the importance of surveillance
of drug susceptibilities of halophiliibrios. Hence
a continued monitoring of both the prevalence and
antimicrobial susceptibility profile is needed to ensure
seafood safety.
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