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Raw oysters can be a risk for infections 
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ABSTRACT

Theaimsofthisstudyweretocountandidentifysucrosepositiveandnegativevibrios isolatedfrom
cultivatedCrassostrea rhizophoraeoystersduringtheirgrowingcycle.Everymonthfor12months,10to
18oysterswerecollectedforstudy.CollectionsoccurredattheCenterforStudiesofCoastalAquaculture
(CSCA),whichisassociatedwiththeInstituteofMarineScience,Labomar,locatedinEuzebio,Ceará,Bra-
zil.Approximately150oystersandtheirintervalvularliquorwerestudied.VibrioStandardPlatesCounts
(SPC)fromoystermeatandtheirintervalvularliquorvariedfrom25to59,000,000CFU/g.Formostof
the12monthsoftheoysters’life,itwaspossibletoidentifyVibrio parahaemolyticus.Vibrio carchariae 

wasidentiiedinfourcollections.Amongotherisolatedspecies,themostimportant,consideringpublic
healthrisks,wasV. vulnificus,althoughonlyonestrainwasconirmed.Weconcludedthatretailpurchased
oystersshouldneverbeeatenraworundercookedbecausemanyspeciesofthegenusVibrioareknownto
bepathogenictohumansandlivenaturallyonandinshellishthroughouttheirlifecycle.

Keywords: Vibrio spp,oyster,publichealth,Vibrio parahaemolyticus,Vibrio carchariae.
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INTRODUCTION

Overthe last twodecades, the intensiicationof
penaeidshrimpcultureindustryandtransporta-
tionofaquaticorganismsworldwidehavebeen
accompaniedbyincreasedincidenceofinfectious
pathogens1 and illnesses. In this context,Vibrio 

spp.,abacteriumindigenoustocoastalandma-
rine environments, occasionally causes oppor-
tunistic human infections.2,3 Being an aquatic
bacteria, species of the genusVibrio infect not
onlyhumansbutalsoallaquaticanimals,result-
inginproblemsinshrimpandshellishfarming.
Aquatic animals once infected with anyVibrio 

speciesshouldnotbeconsumedrawtoavoidthe
riskof illness.Vibriosareprevalent inwarmes-
tuarineareasthroughouttheworld.IntheUnited
StatesvirtuallyallhumaninfectionscausedbyV. 

vulnificus result from the consumption of oys-
tersharvestedfromtheGulfofMexico.4,5 Vibrio 

parahaemolyticusandVibrio choleraearespecies
thatcanalsocausegastroenteritisandmayresult
inmore severe infections than those caused by
sewage-borneviralandbacterialpathogens.5The
aimsofthisstudyweretocountandidentifysu-
crosepositiveandnegative vibrios,isolatedfrom
cultivated oysters, from juvenile to commercial
marketingsize.

MATERIAL AND METHODS

Field sampling sites

Crassostrea rhizophorae oysters were collected
fromtheCenterforStudiesofCoastalAquacul-
ture(CSCA)whichisassociatedwiththeInstitute
ofMarineScience,Labomar,locatedinEuzebio,
Ceará,Brazil(Figure1).Oysterswereselectedfor
studybasedontheirsizeandgrowthcyclestage.

Figure 1: Map of the sampling site for mangrove 

oyster, Crassostrea rhizophorae, located at 

Center for Studies of Coastal Aquaculture (CSCA) 

in Euzébio, Ceará state, Brazil.
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Sample collection

Everymonthfor12months,10to18oysterswerecollected
forstudy.After12months,theoystersreachedcommercial
sizeandweresoldatmarketplaces.Approximately150oys-
tersandtheirintervalvularliquorwerestudied.ThepHof
oystermeatandintervalvularliquorwasmeasuredimmedi-
atelyafteropening.

Bacteriological count and isolation

Monthly, oysters were collected from their oyster bed at
CSCA in Euzebio. They were put in a box with ice and
transportedunderasepticconditionstotheEnvironmen-
talMicrobiologyLaboratory atLabomarwhere the sam-
pleswereprocessed.Onegramofoystermeatwasmixed
with10mLofa sterile salinesolution(1%).Fromthese,
serial dilutions were prepared (10-2 to 10-4) using ster-
ile saline solution(1%) in test tubes.Fromeachdilution 
0.2mLwasspreadontoThiosulfateCitrateBileSaltsSu-
crose(TCBS)agarmediainduplicateandtheplateswere
incubated at 36oC for 18 to 24 hours. The colonies that
grewontheplateswerecountedandthesucrosepositive
andnegativecolonieswererecorded.Sucrosepositiveand
negativeVibrioisolateswerestreakedforpurityontoTryp-
tone Soy Agar (TSA) supplemented with 1%NaCl. The
purestrainsweresenttotheOswaldoCruzFoundationin
RiodeJaneirowheretheywereidentiied.

Vibrio identification

FromgrowthonTCBSagar,3to4coloniesweretransferredto
TrypticaseSoyAgar(TSA)slantsandincubatedat35°C/24h.
Isolateswereidentiiedusingthephenotypictestsdescribed
byAlsinaandBlanch6andElliotet al.7Testsincludedbacte-
rioscopybyGram staining;motility (SIM), productionof
cytochromeoxidase test;TSI reaction;argininehydrolysis,
andlysineandornithinedecarboxylation;halophilicdiffer-

entiationtest(at0,3,6,8and10%NaCl);acetoinproduc-
tion(Voges-Proskauertest);growthat42oC;hydrolysisofo-
nitrophenyl-b-D-galactopyranoside(ONPG);carbohydrate
fermentation(glucose,mannitol,lactose,sucrose,arabinose,
andmannose),andtheindoleproductiontest.

 

RESULTS AND DISCUSSION

TheVibrio StandardPlateCounts (SPC) from the oysters
andtheirintervalvularliquorvariedfrom25to59,000,000
CFU/g(Table1).Vibriocountsvariedenormouslyandfol-
lowedno logic.Evensmaller individuals(less than2.5cm
indiameter,collection1)showedhigherVibriocountsthan
thosewith4,67cm indiameterof collection5 (Figure2).
Sometimes, evenon the lowestdilutions itwasnotpossi-
bletoindcountingbetween25and250colonies,andthat’s
why,inresults,theestimatedcolonyformingunitpergram
(CFU/gest)wasused(collections2,5and6–Table1).
After 12 months, oysters reach a 6.41 cm diameter or

larger and may be commercialized. From previous studies
andaccording to literature, it isknown that thereare two
main environmental conditions inluencing numbers of
cultivable Vibrio spp. from coastal environments. First,
temperaturehas amarked inluenceon theoccurrenceof
vibriosandsecondly,seawatersalinityexertsastronginlu-
ence on the survival ofVibrio spp.8,9NortheasternBrazil-
ian coastal waters temperatures are warm and thismight
explain the high Vibrio counts recorded in this study 
(Table1).Barroset al.10foundlowervaluesforVibriocounts
fromrawoystermeat.Theircountsrangedfrom93to9,300 
Vibrio spp./gandthesedifferencesmaybearesultofusing
the Maximum Probable Number count method and not
SPC. In their study, oystermeat was stored frozen before
beinginvestigatedandwehavealreadyshownthatfreezing
negatively inluences growth ofVibrio species.11 Brazilian
regulationsneitherdeinesafeVibrionumberslimitsforish

Figure 2: Monthly variation of the estimates of log Vibrio CFU/g and individual size for farmed mangrove oyster, Crassostrea 

rizophorae, collected in Euzébio, Ceará state, Brazil.
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productsnorrestrictconsumptionbasedonnumbers.12One
oftheconsequencesofthislackofregulationsisthatithas
beendificulttomonitoranddevelopindicatorsforVibrio 

spp.duetotheirubiquitousoccurrenceincoastalwatersand
thelackofphysiologicalcharacteristicssharedwithhuman
entericbacteria.13-15

ThepHofoysters’meatplustheintervalvularliquorvar-
iedfrom6.41to7.78(Table1).Usually,thesearenotthebest
valuesforVibriogrowth.Thesebacteriagrowbetterunder
alkalineconditionsandDonovan&Netten16suggestthatthe
optimumpHrangeforselectivegrowthofvibriosis8.4-8.6.
Theoutcomeofthisexperimentconirmsthisfactsincethe
lowestcountsofvibrios(25CFU/gest.)werefoundinthe
sampleswiththelowestpH(Table1,Figure3).

Figure 3: Monthly variation of the estimates of log Vibrio CFU/g and pH for farmed mangrove oyster, Crassostrea rizophorae, in 

Ceará state, Brazil.

Table 1. Vibrio sucrose positive and negative standard plate count (spc), individual size and pH  on  

Mangrove Oyster, Crassostrea rizophorae, collected in Euzébio, Ceará state, Brazil

 Month  Total count of log Sucrose  log Sucrose  log Size (cm) pH

  Vibrio CFU/g  +ive  -ive 

 1 5,200 3.71 3,500 3.54 1,700 3.23 2.50 -

 2 750 est. 2.87 750 2.87 <10 - 3.77 6.43

 3 2,500 3.39 2,500 3.39 <10 - 4.25 6.47

 4 7,025,000 6.84 2,775,000 6.44 4,250,000 6.62 4.34 6.64

 5 25 est. 1.39 25 est. 1.39 <10 - 4.67 6.41

 6 375 est. 2.57 100 est. 2.0 275 est. 2.43 5.23 7.78

 7 23,850,000 7.37 19,775,000 7.29 4,075,000 6.61 5.35 6.54

 8 9,575,000 6.98 5,450,000 6.73 4,125,000 6.61 5.48 6.65

 9 20,750,000 7.31 9,750,000 6.98 11,000,000 7.04 5.85 6.69

 10 59,000,000 7.77 41,500,000 7.61 17,500,000 7.24 6.05 6.45

 11 37,500,000 7.57 7,250,000 6.86 30,250,000 7.48 6.3 6.69

 12 4,975,000 6.69 1,500,000 6.17 3,475,000 6.54 6.41 6.56

Duringmost of the oyster´s 12month lifespan it was
possible to identifyVibrio parahaemolyticus (Table2).The
prevalence of this species in seafood corroborates reports
fromother countries.17-19 Similar resultswere obtained by
Lowryet al.20whofound100%oftherawoystersexamined
tocontainV. parahaemolyticus.Studieshavealsoshownthat
apopulationofV. parahaemolyticus inunrefrigeratedoys-
terscanincreaserapidlyfrom50to790timestheiroriginal
numberswithin24hoursofharvestifleftat26o C.21Asur-
veyof370lotsofoysterssampledfromrestaurants,oysterbars,
retail,andwholesaleseafoodmarketsthroughouttheUSbe-
tweenJune1998andJuly1999foundaseasonaldistributionof 
V. parahaemolyticusinmarketoysterswiththehighestdensities
detectedduringsummermonths.22Thegreatestchallengefor
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thesafeconsumptionofoystersistogetthemrefrigeratedor
frozenimmediatelyafterharvestandtomarketthemassoon
aspossible.Consumptionofraworundercookedseafood,par-
ticularlyshellish,contaminatedwithV. parahaemolyticus may
leadtothedevelopmentofacutegastroenteritischaracterized
bydiarrhea,headache,vomiting,nausea,abdominalcramps,
andslight fever.Thisbacterium is recognizedas the leading
causeofhumangastroenteritisassociatedwithseafoodcon-
sumptionintheUnitedStatesandanimportantseafood-borne
pathogenthroughouttheworld.23Althoughthegastroenteritis
causedbyV. parahaemolyticus infection isoftenself-limited,
theinfectionmaycausesepticemiathatislife-threateningto
peoplehavingunderlyingmedicalconditions,suchasliverdis-
easeorimmunedisorders.Twodeathswerereportedamong
threecasesofwoundinfectionscausedbyV. parahaemolyticus 

inLouisianaandMississippiafterHurricaneKatrinain2005.24 
Vibrio carchariaewasidentiiedinfourofthemonthlyoyster
collectionsandithasalsobeenfoundonachronicskinulcer
onashark,Carcharhinus plumbeus (Nardo),keptintheGenoa
Aquarium,Italy.Identiicationthroughfattyacidcomposition
analysisandbiochemicaltestsshowedthatV. carchariaewere
thepredominantbacteria isolatedfromtheulcer.25Pedersen 
et al.26describedV. carchariaeasasynonymofV. harveyibased
onribotyping.Vibrio carchariae,aspeciesisolatedfromsharks,
belongstoitsnormalskinlora,butmaybecomepathologi-
calwhentheanimalisunderstress. Vibrio carchariaehasbeen
describedasanetiologicagentforsomeishincultivations.27

Pereiraet al.28 reportedthat fortysamplesofmangroveoys-
ters(Crassostrea rhizophorae)servedrawin15restaurantsin
RiodeJaneirowereevaluatedinordertoinvestigatethepres-
enceofVibrio spp.Theyfoundthat Vibrio parahaemolyticus,  

Vibrio carchariae, Vibrio alginolyticus and Vibrio vulnifi-

cuswere themain species (> 60%) isolated from rawoys-

ters.Otherspecieswere identiiedaswell,anddespitebeing

found in smaller numbers theywere of no less importance 

(Table2).Amongthoseofmost importanceregardingpub-

lichealthwasV. vulnificus,butonlyonestrainwasconirmed.

Becauseoysters,inmostplaces,areconsumedwithoutbeing

cookedtheycaneasilyturnintoapotentiallyhealth-hazardin

foodconsumption.

In this studywecountedand identiied largenumbers

ofpotentiallypathogenicVibrio spp.fromjuveniletocom-

mercial sized oysters. They are ubiquitous and canmulti-

plytodangerousnumbersveryquickly.Weconcludedthat

marketpurchasedshellishshouldneverbeeatenraworun-

dercookedbecausemanyspeciesofthegenusVibrio,which

naturallyliveonandinshellishthroughouttheirlifecycle,

areknowntobepathogenictohumans.
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