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Abstract

Background: Environmental contamination by pharmaceuticals is a public health concern: drugs administered to
humans and animals are excreted with urine or faeces and attend the sewage treatment. The main consequences
of use and abuse of antibiotics is the development and diffusion of antibiotic resistance that has become a serious
global problem. Aim of the study is to evaluate the presence of antimicrobial residues and to assess the antimicrobial
resistance in bacteria species isolated from different wild caught seawater fish and fishery products.

Results: Three antibiotic substances (Oxytetracicline, Sulfamethoxazole and Trimethoprim) were detected (by screening
and confirmatory methods) in Octopus vulgaris, Sepia officinalis and Thais haemastoma. All Vibrio strains isolated from
fish were resistant to Vancomycin (VA) and Penicillin (P). In Vibrio alginolyticus, isolated in Octopus vulgaris, a resistance
against 9 antibiotics was noted.

Conclusions: Wild caught seawater fish collected in Gulf of Salerno (Campania Region), especially in marine areas
including mouths of streams, were contaminated with antibiotic-resistant bacteria strains and that they might play an
important role in the spread of antibiotic-resistance.
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Background
Environmental contamination by pharmaceuticals is a
public health concern. Medical substances may roughly
be divided into medical substances used by human or
veterinary medicine. The veterinary drugs may further
be subdivided into substances used as growth promoters
for livestock production, therapeutics in livestock pro-
ductions, coccidiostatic used for poultry production,
therapeutics for treatment of livestock on fields or as
feed additives in fish farms.
Drugs administered to humans and animals are ex-

creted with urine or faeces [1] and attend the sewage
treatment plant [2]; successively if substances are hydro-
philic or are metabolized to a more hydrophilic form of
the parent lipophilic substance, will pass the waste water
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treatment plant and end up in the receiving waters
where they may be are present at very low concentra-
tions; it is important noted that several substances could
stimulate a response in humans and animals also at low
doses with a very specific target [3]. A recent study
showed that a mixture of drugs at the concentrations ac-
tually found in the aquatic environment of some Italian
areas is able to exert toxic effects on the proliferation of
human and zebra fish (Danio rerio) cells cultures [4].
The main consequences of use and abuse of antibiotics
is the development and diffusion of antibiotic resistance
that represent a public health problem, with obvious
consequences in human and veterinary medicine, since
it affects animal therapy and food safety [5,6]. World
wide there is growing concern about the increased
prevalence of antibiotic resistance: the growing alarm re-
lated to the spreading of the resistance of antibiotics
considered of first choice in the treatment of specific hu-
man infections prompted measures for antimicrobial
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resistance surveillance of bacteria circulating in humans,
animals and food products. Aim of this study was to
evaluate the presence of antimicrobial substances and to
assess the antimicrobial resistance in bacteria species
isolated from wild caught seawater fish and fishery prod-
ucts caught in Tyrrenian sea along the coast of Campania
region (southern Italy). The antibiotics tested were Teico-
planin (TEC), Cephalexin (CN), Penicillin (P), Oxacillin
(OX), Amoxicillin/Clavulanic Acid (AMC), Cefotaxime
(CTX), Vancomycin (VA), Sulfamethoxazole (SXT), Ri-
fampicin (RD), Cefoxitin (FOX), Plaritromicin (PRL),
Ciprofloxacin (CIP), Chloramphenicol (C), Tobramicin
(TOB), Tetracycline (TE), Tigecycline (TGC), Linezolid
(LZD) and Fosfomycin (FOS).

Results and discussion
Microbial analysis and antibiogram
The microbial species isolated were Vibrio alginolyticus
(Va), Vibrio parahaemolyticus (Vp), Shewanella putrefa-
ciens (Sp) and Acromonas spp. (Ac) (Table 1); Vp is a
bacteria naturally present in marine and estuarine
aquatic environments and is part of the natural flora of
fish and bivalve mollusks. Va, isolated from Sepia offici-
nalis and Trachurus trachurus samples, is frequently de-
tected from fin fish, shellfish, seawater, and sediment [7].
It has not been not widely recognized as a fish pathogen.
Sp a microorganism common in marine environments
as saprophytic is one of the major causes of spoilage of
fish and fishery products [8]; Water bacteria might be
indigenous to aquatic environments, or exogenous, tran-
siently and occasionally present in the water as a result
of shedding from animal, vegetal, or soil surfaces [9].
The frequency of antibiotic resistance among micro-

bial strains isolated was shown in Table 2 and Table 3.
Although only 7 species of fish and 3 species of fishery
products were studied to determine the incidence of
antibiotic resistance, all the strains isolated were resistant
to one or more of the antibiotics tested; the frequency of
resistance varied from 16.6% to 50% in different samples;
Table 1 Microbial species isolated in seawater fish and fisher

Microbial species
S. officinalis M. cephalus T. trachurus S. scrofa O

V. cholerae - - - -

V. parahaemolyticus + - + +

V. vulnificus - - - -

V. fluvialis - - - -

V. mimicus - - - -

Other spp. Va Va Va Va

Other generes Sp - - Sp;Ac

Different microbial species were isolated: Vibrio parahaemolyticus (Vp) was isolated
Vibrio alginolyticus (Va) was isolated in all samples except in Gobius cobitis and Thai
scrofa, Octopus vulgaris, Gobius cobitis and Thais haemastoma; Acromonas spp. (Ac) w
69,45% of the microbial strains isolates showed resistance
to more than 4 molecules tested. Va showed antimicrobial
resistance against 9 antibiotics,Vp against 4 antibiotics, Sp
against 6 antibiotics and Ac against 4 antibiotics tested.
Accordinto to Martinez [9], more than 90% of bacterial
strains originated in seawater are resistant to more than
one antibiotic. Multiple antibiotic resistance has been re-
ported in a wide range of human pathogenic or opportun-
istic bacteria such as Campylobacter spp. [10], Klebsiella
pneumoniae [11], Salmonella sp. [12], Pseudomonas aeru-
ginosa [13], E. coli [14] and also in fish pathogens [15]. In
all bacterial strains resistance against TEC and VA, drugs
belonging to the class of glycopeptides having similar
mechanisms of action on bacterial cell wall synthesis, and
against P and OX, drugs belonging to the class of β-
lactam antibiotics, was observed. Spectra of activity of
TEC and VA are limited to Gram–positive bacteria includ-
ing methicillin–resistant strains of S. aureus and S. epider-
midis and for this reason the resistant Gram–negative
bacteria isolates could be not sensitive to mechanism of
action of these molecules. VA has a shorter half–life than
TEC and requires multiple dosing to maintain adequate
serum levels. In contrast, the pharmacokinetics of TEC
allow for once–daily dosing and it is a drug associated
with a lower incidence of nephrotoxicity or ototoxicity.
For these reasons TEC is more cost–effective and its role
in hospitals is likely to increase. Resistance to VA could be
related not only to the use of VA in human medicine but
also to a cross-resistance due to the use of Avoparcin, a
glycopeptides utilized to improve performance in poultry
flocks [16], which are present in the area near to sampling
zone. Resistance against P and OX could be related to the
large use of β-lactam antibiotics in human and veterinary
medicine. The sensitivity against C detected in all bacterial
strains coupled with the absence of C residues in fish sam-
pled, confirm the limited administration to humans and
the compliance on the use of the drug for food producing
animals, banned since 1995. However, according Kerry
et al. [17], it is important to underline that resistance
y products

Samples

. vulgaris L. viridid G. cobitis S. umbra D. sargus T. haemastoma

- - - - - -

- - - - + -

- - - - - -

- - - - - -

- - - - - -

Va Va - Va Va -

Sp - Sp - - Sp

in Sepia officinalis, Trachurus trachurus, Scorpaena scrofa and Diplodus sargus;
s haemastoma; Shewanella putrefaciens (Sp) was isolated in cuttlefish, Scorpaena
as isolated only in Scorpaena scrofa.



Table 2 Frequency of antibiotic resistance among the bacteria isolated

Antibiotics tested

Samples TEC CN P OX AMC CTX VA SXT RD FOX PRL CIP C TOB TE TGC LZD FOS

Va isolated from S. umbra R S R R R S R I S I R S S I S I S I

Va isolated from S. umbra R I R R R S R S S I S S S I S S S S

Va isolated from S. officinalis R R R R R R R I I R R S S I S I S S

Va isolated from S. officinalis S S R R R S R S S I R S S I R S S S

Va isolated from S. officinalis R S R S S S R S S I S S S S S S S S

Va isolated from T. trachurus R I R R R S R I S I I S S S S S S S

Va isolated from T. trachurus R I R R R R R R I I R S S S S S S S

Va isolated from T. trachurus R I R R R R R I I I R S I I S S S S

Va isolated from T. trachurus R S R R R I R I I I R S S I S S S I

Va isolated from T. trachurus R I R R I S R S S I S S S I S S S S

Va isolated from O. vulgaris S S R R R S R S S I R S S I R S S S

Va isolated from O. vulgaris R I R R S S R S S I R S S I S S S S

Va isolated from O. vulgaris R I R R S S R S S I R S S I S S S S

Va isolated from M. cephalus R S R R R S R I S S S S S I S S S S

Va isolated from M. cephalus R I R R S S R S S I R S S I S S S S

Va isolated from M. cephalus R I R R R S R S S I S S S I S S S S

Va isolated from M. cephalus R S R R R S R I S I R S S I S I S I

Va isolated from L. viridis R I R R I S R S S I S S S I S S S S

Va isolated from L. viridis R S R R R S R I S S S S S I S S S S

Va isolated from D. sargus R I R R R S R I S I I S S I S S S S

Va isolated from D. sargus R I R R R S R I S I I S S I S S S S

Va isolated from D. sargus R I R R R S R I S I I S S I S S S S

Teicoplanin (TEC), Cephalexin (CN), Penicillin (P), Oxacillin (OX), Amoxicillin/Clavulanic Acid (AMC), Cefotaxime (CTX), Vancomycin (VA), Sulfamethoxazole (SXT),
Rifampicin (RD), Cefoxitin (FOX), Plaritromicin (PRL), Ciprofloxacin (CIP), Chloramphenicol (C), Tobramicin (TOB), Tetracycline (TE), Tigecycline (TGC), Linezolid (LZD)
Fosfomycin (FOS). Microbial strains were classified as sensitive (S), intermediate (I) or resistant (R); all Vibrio alginolyticus (Va) isolated from different samples are
resistant to P and VA and are sensitive to C.
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phenomena are not systematically correlated with the
presence of the corresponding drugs.
Antibiotic resistance profiles among bacterial strains

isolates (% resistant strains) were presented in Table 4.
As a whole, as supported by statistical analysis, all cul-
turable bacteria were significantly (P < 0.001) affected by
the presence of the tested antibiotic molecules. In par-
ticular, for seven molecules (FOS, FOX, AMC, PRL,
TOB, TE and LZD) for the four different bacteria strains
isolated a statistically significant (P < 0.05) effect (resist-
ance or sensibility) was observed. The other molecules
showed any statistically significant effect (P > 0.05)
among the different isolated microbial strains; in par-
ticular, four of them showed very high resistance (mean
values: VA: 100%, OX: 98.9%, TEC: 97.7%, P: 85.7%).
The study of antibiotic resistance in indigenous water

organisms is important, as it might indicate the extent of
alteration of water ecosystems by human action. The
spread of strains with antibiotic resistance from animal
to animal does not meet the minimum barrier in the mar-
ine environment and resistance evolves as a consequence
of promiscuous exchange and shuffling of genes, genetic
platforms, and genetic vectors. Several pollutants in sea-
water might exert selective activities, as well as ecological
damage in water environment, resulting in antibiotic re-
sistance: Baquero et al. [18] noted that resistance profiles
of aquatic pseudomonads depend on the species compos-
ition, but also from the site in which they were isolated,
being more antibiotic-resistant along shorelines and in
sheltered bays than in the open water, indicating the influ-
ence of nonaquatic organisms or pollutants.

Detection of residues of antibiotics
Residues of antibacterial substances were detected in
common octopus, european cuttlefish and red-mouthed
rock shell. At the confirmatory analysis only two of the
examined drugs were detected. Oxytetracycline and
Sulfamethoxazole were quantified with 3.62 μg/kg and
0.48 μg/kg respectively. Levels detected were in compli-
ance with LMR established by UE Reg. 37/2010. The
presence of antibiotics might be due to the increased
possibility of accumulation in fishery products that, for a



Table 3 Frequency of antibiotic resistance among the bacteria isolated

Antiobitic tested

Samples TEC CN P OX AMC CTX VA SXT RD FOX PRL CIP C TOB TE TGC LZD FOS

Ac isolated from S. scropa R S R R I S R S S I S S S S S S S S

Sp isolated from S. officinalis R S S R S S R S S I S S S I S S S R

Sp isolated from S. officinalis R S S R S S R S S I S S S S S S I R

Sp isolated from G. cobitis R S R R R I R I S R S S S I I S I S

Sp isolated from T. haemastoma R S R R R I R I S R S S S I I S I S

Sp isolated from O. vulgaris R S S R S S R S S I S S S I S S S R

Sp isolated from S. scrofa R S I R S S R S S S S S S S S S S R

Sp isolated from S. scrofa R S R R R I R I S R S S S I I S I S

Sp isolated from S. officinalis R S R R S S R I I S S S S I S S S S

Sp isolated from T. truchurus R I R R S S R S S S S S S I S I S S

Ac isolated from S. scropa R I R R R I R I S R S S S I S S S S

Ac isolated from S. scropa R I R R S S R S S R S S S I S I S S

Ac isolated from D. sargus R S R R S S R I I S S S S I S S S S

Ac isolated from D. sargus R I R R R I R I S R R S S I S S S S

Teicoplanin (TEC), Cephalexin (CN), Penicillin (P), Oxacillin (OX), Amoxicillin/Clavulanic Acid (AMC), Cefotaxime (CTX), Vancomycin (VA), Sulfamethoxazole (SXT),
Rifampicin (RD), Cefoxitin (FOX), Plaritromicin (PRL), Ciprofloxacin (CIP), Chloramphenicol (C), Tobramicin (TOB), Tetracycline (TE), Tigecycline (TGC), Linezolid (LZD)
Fosfomycin (FOS). Microbial strains were classified as sensitive (S), intermediate (I) or resistant (R); all microbial strains isolated from different samples are resistant
to TEC and VA and are sensitive to C.
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period of their life cycle, remain for a long time in the
same fishing area. In our study, the sampling area is
within a stretch of coastline that spans the mouth of one
river and several streams that cross a lot of livestock and
agricultural fields.
Studies on residues of pharmacologically active mole-

cules have shown elimination rates in the aquatic
environment after the depuration treatment generally
between 60 and 90%, for a wide variety of polar drugs
[19]. The elimination of drugs in common sewage treat-
ment plants is often incomplete and recent works dem-
onstrates the presence of antimicrobial residues in river
waters [20]. Polar antibiotics cannot be eliminated effect-
ively as much of the process of elimination is based on
absorption on activated sludge and so ultimately on
hydrophobic interactions. Another route of elimination
of drugs in the aquatic waste water is connected to the
Table 4 Antibiotic resistance profiles among bacterial strains

Microbial strains (n) TEC CN P OX AMC CTX

V. alginolyticus (22) 90.9 4.5 100 95.5 72.7 13.6

V. parahaemolyticus (6) 100 0 100 100 33 0

S. putrefaciens (7) 100 0 42.9 100 43 0

Acromonas spp. (1) 100 0 100 100 0 0

Mean of all isolated microbial strains 97.7 1.1 85.7 98.9 37.2 3.4

Teicoplanin (TEC), Cephalexin (CN), Penicillin (P), Oxacillin (OX), Amoxicillin/Clavulan
Rifampicin (RD), Cefoxitin (FOX), Plaritromicin (PRL), Ciprofloxacin (CIP), Chloramphe
Fosfomycin (FOS). All strains are resistant to VA and sensitive to CIP, C, TOB, TGC an
dispersion of manure "contaminated" on the fields as
fertilizer through runoff into streams of wastewater and
those used for irrigation. It was showed that sulfa drugs,
such as sulfadimethoxine, are sufficiently stable in the
manure as to maintain a significant residual activity up
when the manure is used for fertilizing [21,22] and that
some of the metabolites of antibiotics excreted may also
be retransformed into the active drug progenitor; such
as the glucuronide dicloramphenicol or the N-4-acetyl
sulfamethazine converted into the manure in Chloram-
phenicol and Sulfamethazine respectively [23].

Conclusions
The risk of antibiotic resistance was considered signifi-
cantly more serious than the risk associated with the
presence of antibiotic residues in food [24]. Results pre-
sented in this study provide evidence that seawater fishes
isolates (% resistant strains)

Antibiotics tested

VA SXT RD FOX PRL CIP C TOB TE TGC LZD FOS

100 4.5 0 4.5 50 0 0 0 9.1 0 0 0

100 0 0 50 17 0 0 0 0 0 0 0

100 0 0 43 0 0 0 0 0 0 0 57

100 0 0 0 0 0 0 0 0 0 0 0

100 1.1 0 24.4 16.7 0 0 0 2.3 0 0 14.3

ic Acid (AMC), Cefotaxime (CTX), Vancomycin (VA), Sulfamethoxazole (SXT),
nicol (C), Tobramicin (TOB), Tetracycline (TE), Tigecycline (TGC), Linezolid (LZD)
d LZD.
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collected in some area of Campania Region, especially in
marine areas including mouths of streams, were contami-
nated by residues of antibiotic and antibiotic-resistant bac-
teria strains and that they might play an important role in
the spread of antibiotic-resistance. The resistance of 97.7%
of isolated strains against TEC might suggest that the
main sources of contamination were hospital discharges.
Future prediction and prevention of antibiotic resist-

ance depends on the research investments in the devel-
opment of microbial source tracking as well as in the
ecology, including water ecology, of antibiotic-resistant
microorganisms.

Methods
Sampling
Samples were collected always in the same area of the
gulf of Salerno (Campania Region, Southern Italy) with
the support of the mobile station of the Fish Research
Laboratory of the Department of Veterinary Medicine
and Animal Production, University of Naples “Federico
II”. The sampling area was chosen because it is close to
sewers conveying hospital wastewater. This study has
been reviewed by Ethical Animal Care and Use Commit-
tee, University of Naples “Federico II”, Department of
Veterinary Medicine and Animal Production and re-
ceived institutional approval.
The research concerned 56 samples: 33 fish (7 spe-

cies), 13 cephalopods (2 species) and 10 gasteropods (1
specie) present in the sampling zone in that season; fish
species, collected at a depth of 5–7 meters and at a dis-
tance of about 50 meters from the coast, were: red scor-
pionfish (Scorpaena scrofa, 6 samples), giant goby
(Gobius cobitis, 7 samples), atlantic horse mackerel (Tra-
churus trachurus, 4 samples), brown meagre (Sciaena
umbra, 3 samples), white seabream (Diplodus sargus, 6
samples), fathead mullet (Mugil cephalus, 5 samples),
green wrasse (Labrus viridis, 2 samples), common octo-
pus (Octopus vulgaris, 7 samples), european cuttlefish
(Sepia officinalis, 6 samples) and red-mouthed rock shell
(Thais haemastoma, 10 samples) respectively. Samples
after capture were immediately transported on ice to the
lab “Prof.ssa Teresa Antonietta Sarli” of the Department
of Veterinary Medicine and Animal Production, Univer-
sity of Naples "Federico II”. An aliquot was subjected to
microbiological analysis and the other was frozen at
−80°C until analyzed.

Microbial analysis and antibiogram
All samples were analyzed for the presence of microbial
species of the genus "Vibrio" according to recognized
ISO methods. Briefly all samples were scrubbed and ana-
lytical portions (25 g) were aseptically removed and col-
lected in a sterile bag with 225 ml of alkaline saline
peptone water (ASPW). According to ISO/TS 21872–
1:2007 [25] and ISO/TS 21872–2:2007 [26] indications
for fresh products, the samples were homogenized using
a stomacher (PBI International, Milan, Italy) at 11000
rev min−1 for 3 min and incubated at 37°C [26] and 42°C
[25] for 6 h. A further enrichment was performed employ-
ing 1 ml of the first enrichment and 9 ml of ASPW. This
broth culture was incubated at 37°C and 42°C for 18 h.
The enrichment cultures from incubation were plated
onto thiosulphate-citrate-bile salt sucrose (TCBS) (Oxoid,
Hampshire, UK) agar and incubated at 37°C for 24 h. Typ-
ical colonies were transferred into Nutrient Agar plates
(Oxoid, Hampshire, UK) added to 5 g/l NaCl to bring it to
a final concentration of 1% and incubated at 37°C for 24 h
according to ISO/TS method. After incubation at 37°C for
24 h, the isolates were subjected to the Gram stain, the
oxidase test using Oxidase Sticks (Oxoid, Hampshire,
UK), Triple-Sugar-Iron (TSI) (Oxoid, Hampshire, UK) and
biochemical identification with API 20E (bioMérieux,
Marcy l’Étoile, France) according to Di Pinto et al. [27].
The identification profiles were obtained by the APIweb
software (bioMérieux, Marcy l’Étoile, France) according to
to the instructions of the manufacturer.
The strains isolated were subjected to the antibiotic re-

sistance test using standard methods. Antibiotic suscep-
tibility was determined by the agar diffusion method
according to French national guidelines [28]. Bacterial
suspensions prepared in sterile 0.85% saline matching an
optical density of 0.5 McFarland standard corresponding
to 108 cfu/ml and diluted 1:100 in physiological saline
were inoculated by lawn onto Muller-Hinton agar
(Difco, Le Pont de Claix, France). Each antibiotic test
was run in duplicate on freshly prepared agar plates.
After incubation for 24 h at 37°C, organisms were classi-
fied as sensitive (S), intermediate (I) or resistant (R) ac-
cording to the inhibition zone diameter [28].

Detection of residues of antibiotics
Analysis were performed on fish muscle. Each sample
analyzed consisted of a pool of fish and fishery products
grouped by species (i.e. sample of red scorpionfish con-
sisted of a pool of six red scorpionfish caught). The de-
tection of antibiotics residues was carried out using the
kit “Premi® Test” (Biopharm, Darmstadt, Germany), as a
screening method, according manufacturer's instruc-
tions. The kit is based on the growth inhibition of Bacil-
lus stearothermophilus, a microorganism sensible to the
residues of different antibiotics. This test is able to de-
tect residues of β-lactam antibiotics, cephalosporins,
macrolides, tetracyclines, sulfonamides, aminoglycosides,
quinolones, amphenicols and polypeptides. The principle
on which is based the test is the following: a standard
number of spores is embedded in an agar medium with
selected nutrients. When Premi® Test is heated to 64°C,
spores can germinate. If antimicrobial substances are
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absent, spores germinated producing hydrogen and a
clear color change from purple to yellow occurs. When
anti-microbial compounds are present above limit of de-
tection, spores will not be able to germinate and there
will be no colour change.
Samples positive to Premi® Test were analyzed by the

mean of HPLC-DAD method suggested by Fernandez-
Torres et al. [29] for the following compounds (97–99.9%
purity, Sigma-Aldrich - USA): Sulfadiazine (SDI), Trime-
troprim (TMP), Oxytetracycline (OXT), C and SXT.
HPLC-UV method proposed by De Jesùs Valle et al. [30],
was used for VA detection. Antibiotic selection was made
considering drugs commonly used in farms in the Campa-
nia region [31]. All reagents used were of analytical grade.
Measurements were made with a Jasco (Mary's Court,
Easton, MD, USA) liquid chromatograph equipped with
UV and diode array (DAD) detector, an injector with a
loop of 50 μL, a quaternary pump, a vacuum degasser an a
thermostated column compartment. For first method the
separation of the analyzed compounds was conducted by
means of a Phenomenex C18 (150 mm× 4.6 mm I.D., par-
ticle size 5 μm) analytical column with a C18 (4 mm×
4 mm, particle size 5 μm) guard-column. The mobile
phase consisted of a mixture of 0.1% (v/v) formic acid in
water pH 2.6 (phase A) and acetonitrile (phase B). A gra-
dient eluition program at 1 mL/m-1 flow rate was used.
After a step of 8 min with 99% (phase A) a linear elution
gradient to 65% in 25 min was performed. The column ef-
fluent was monitored by DAD detector in the range of
200–400 nm. The sample extraction was conducted as fol-
lows: After homogenization of sample (2 g of lyophilized
tissue + 5 of deionized water) 50 μL of Proteinase-K solu-
tion was added; to the mixture, centrifuged for 2.5 hours,
100 μL of formic acid was then added. Finally the samples
was treated three times with 5 mL of dichloromethane
and the extracts were evaporated under nitrogen. 50 μL of
the residue, reconstituted with 1 mL of deionized water,
were injected.
For the vancomycin detection method [30], chromato-

graphic separation was carried out by the means of a
Nucleosil 120 C18 5 μm column (length, 15 cm; inner
diameter, 0.4 cm) using a mixture of 50 mM NH4H2PO4
(pH 4)–acetonitrile (92:8, v/v) as the mobile phase at a
flow rate 1 mL/min and a column temperature of 40°C
with UV detection at 220 nm. Regarding extraction pro-
cedure briefly: a mixture of 500 μg of sample with 20 μL
of 60% perchloric acid was vortexed for 30 s, followed by
centrifugation at 10,900 rpm, after the supernatant was
collected and an aliquot of 50 μL was injected into the
chromatographic system.

Statistical analysis
The χ2 test performed with the Epi-Info statistical pro-
gram (version 6.0; Centers for Diseases Control and
Prevention, Atlanta, GA, USA) was used to test the ef-
fect of the antibiotics on the bacteria growth and to as-
sess the effect type (resistance or sensibility) of each
molecule among the different isolated microbial strain.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
GS, RM, and SC conceived and designed the experiments; GS and GAM
performer the experiments; All authors contributed in the writing of the
paper. GO, MLC and AA summarized and analized the data, reviewed and
commented the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
The authors acknowledge Veterinary Pharmacovigilance Center of Campania
region for study management.

Author details
1Departement of Veterinary Medicine and Animal Production, University of
Naples "Federico II", via F. Delpino 1, 80137 Naples, NA, Italy. 2Departement
of Veterinary Medicine and Animal Production, Veterinary pharmacovigilance
center, Campania region, via F. Delpino 1, 80137 Naples, NA, Italy.

Received: 8 January 2014 Accepted: 30 June 2014
Published: 15 July 2014

References
1. Forth W, Henschler D, Rummel W, Starke K: Allgemeine und spezielle. In

Pharmakologie und Toxikologie. 6th edition. Vienna, Zurich:
Wissenschaftsverlag, Mannheim, Leipzig; 1996.

2. Stumpf M, Ternes T, Haberer K, Seel P, Baumann W: Nachweis von
Arzneimittelrückständen in Kläranlagen und Fließgewässern. Vom Wasser
1996, 86:291–303.

3. Jobling S, Williams R, Johnson A, Taylor A, Gross-Sorokin M, Nolan M, Tyler
C, Van Aerle R, Santos E, Brighty G: Predicted exposures to steroid estrogens
in U.K. rivers correlate with widespread sexual disruption in wild fish
populations. Environ Health Perspect 2006, 114(Suppl 1):32–39.

4. Pomati F, Castiglioni S, Zuccato E, Fanelli R, Rossetti C, Calamari D: Effects of
environmental contamination by therapeutic drugs on human
embryonic cells. Environ Sci Technol 2006, 40:2442–2447.

5. Kummerer K: Resistance in the environment. J Antimicrob Chemother 2004,
54:311–320.

6. Miranda JM, Vázquez BI, Fente CA, Barros-Velázquez J, Cepeda A, Franco
CM: Evolution of resistance in poultry intestinal Escherichia coli during
three commonly used antimicrobial therapeutic treatments in poultry.
Poult Sci 2008, 87:1643–1648.

7. Gjerde J, Boe B: Isolation and characterization of Vibrio alginolyticus and
Vibrio parahaemolyticus from the Norwegian coastal environment. Acta
Vet Scand 1981, 22:331–343.

8. Jergensen BR, Huss HH: Growth and activity of Shewanella putrefaciens
isolated from spoiling fish. Int J Food Microbiol 1989, 9:51–62.

9. Martinez JL: Recent advances on antibiotic resistance genes. In Recent
Advances in Marine Biotechnology. Molecular Genetics of Marine Organisms,
Volume 10. Edited by Fingerman N. 2003:pp13–pp32.

10. Randall LP, Ridley AM, Cooles SW, Sharma M, Sayers AR, Pumbwe L, Newell
DG, Piddock LJV, Woodward MJ: Prevalence of multiple antibiotic
resistance in 443 Campylobacter spp. isolated from humans and animals.
J Antimic Chemot 2003, 52:507–510.

11. Carneiro LAM, Silva APS, Merquior VLC, Queiroz MLP: Antimicrobial
resistance in Gram-negative bacilli isolated from infant formulas. FEMS
Microbiol Lett 2003, 228:175–179.

12. Randall LP, Cooles SW, Osborn MK, Piddock LJV, Woodward MJ: Antibiotic
resistance genes, integrons and multiple antibiotic resistance in
thirty-Wve serotypes of Salmonella enterica isolated from humans and
animals in the UK. J Antimicrob Chemother 2004, 53:208–216.

13. Ziha-Zari WI, Llanes C, Köhler T, Pechere JC, Plesiat P: In vivo emergence of
multidrug-resistant mutants of Pseudomonas aeruginosa overexpressing



Smaldone et al. BMC Veterinary Research 2014, 10:161 Page 7 of 7
http://www.biomedcentral.com/1746-6148/10/161
the active eZux system MexA-MexB-OprM. Antimicrob Agents Ch 1999,
43(2):287–291.

14. Miranda JM, Vázquez BI, Fente CA, Barros-Velázquez J, Cepeda A, Franco
Abuín CM: Antimicrobial resistance in Escherichia coli strains isolated
from organic and conventional pork meat: a comparative survey. Eur
Food Res Technol 2008, 226:371–375.

15. Schmidt AS, Bruun MS, Dalsgaard I, Pedersen K, Larsen JL: Occurrence of
antimicrobial resistance in fish pathogenic and environmental bacteria
associated with four Danish rainbow trout farms. Appl Environ Microb
2000, 66:4908–4915.

16. Bager F, Madsen M, Christensen J, Aerestrup FM: Avoparcin used as a
growth promoter is associated with the occurrence of vancomycin –
resistant Enterococcus faecium on Danish poultry and pig farms. Prev Vet
Med 1997, 95:112.

17. Kerry J, Coyne R, Gilroy D, Hiney M, Smith P: Spatial distribution of
oxytetracycline and elevated frequencies of oxytetracycline resistance in
sediments beneath salmon farm following oxytetracycline therapy.
Aquaculture 1996, 145:31–39.

18. Baquero F, Martinez JL, Canton R: Antibiotics and antibiotic resistance in
water environments. Curr Opin Biotechnol 2008, 19:260–265.

19. Ternes TA: Occurrence of drugs in sewage treatment plants and rivers.
In Water Res 1998, 32:3245–3260.

20. Iglesias A, Nebot C, Miranda JM, Vazquez BI, Cepeda A: Detection and
quantitative analysis of 21 veterinary drugs in river water using high-
pressure liquid chromatography coupled to tandem mass spectrometry.
Environ Sci Pollut R 2012, 19:3235–3249.

21. Migliore L, Brambilla G, Cozzolino S, Gaudio L: Effect on plants of
sulphadimethoxine used in intensive farming Panicum miliaceum, Pisum
sativum and Zea mays. Agric Ecosys Environ 1995, 52:103–110.

22. Boehm R: Effects of residues of antiinfectives in animal excrements upon
slurry management and upon soil. Dtsch tierärztl Wschr 1996, 103:264–268.

23. Berger K, Petersen B, Buening-Pfaue H: Persistence of drugs occurring in
liquid manure in the food chain. Arch Lebensmittelhyg 1986, 37:99–102.

24. Joint FAO/OIE/WHO: Expert Workshop on Non-Human Antimicrobial
Usage and Antimicrobial Resistance: Scientific assessment, Geneva,
December 1 – 5, 2003. Database http://www.who.int/foodsafety/micro/
meetings/nov2003/en/.

25. ISO/TS 21872–1:2007: Microbiology of food and animal feeding stuffs –
Horizontal method for the detection of potentially enteropathogenic
Vibrio spp. – Part 1: Detection of Vibrio parahaemolyticus and Vibrio
cholerae. Database http://www.iso.org/iso/catalogue_detail.htm?
csnumber=38278.

26. ISO/TS 21872–2:2007: Microbiology of food and animal feeding stuffs –
Horizontal method for the detection of potentially enteropathogenic
Vibrio spp. – Part 2: Detection of species other than Vibrio parahaemolyticus
and Vibrio cholerae. Database http://www.iso.org/iso/catalogue_detail.htm?
csnumber=38279.

27. Di Pinto A, Ciccarese G, De Corato R, Novello L, Terio V: Detection of
pathogenic Vibrio parahaemolyticus in southern Italian shellfish. Food
Control 2008, 19:1037–1041.

28. Comité de l’antibiogramme de la Société Française de Microbiologie.
Database [www.sfm-microbiologie.org]

29. Fernandez-Torres R, Bello Lopez MA, Olias Consentino M, Callejon Mochon M:
Simultaneous determination of selected antibiotics and their main
metabolites in fish and mussel samples by high-performance liquid
chromatography with diode array-fluorescence (HPLC-DAD-FLD) detection.
Anal Lett 2011, 44:2357–2372.

30. De Jesús Valle MJ, López FG, Navarro AS: Development and validation of
an HPLC method for vancomycin and its application to a
pharmacokinetic study. J Pharmaceut Biomed 2008, 48:835–839.

31. Rapporto 2012 sulle antibiotico resistenze e sull’uso di antibiotici rilevati
nelle strutture ospedaliere della Campania. Database http://resources.
regione.campania.it/slide/files/Assessori/sanita/OER/file_13594_GNR.pdf.

doi:10.1186/1746-6148-10-161
Cite this article as: Smaldone et al.: Occurrence of antibiotic resistance
in bacteria isolated from seawater organisms caught in Campania
Region: preliminary study. BMC Veterinary Research 2014 10:161.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.who.int/foodsafety/micro/meetings/nov2003/en/
http://www.who.int/foodsafety/micro/meetings/nov2003/en/
http://www.iso.org/iso/catalogue_detail.htm?csnumber=38278
http://www.iso.org/iso/catalogue_detail.htm?csnumber=38278
http://www.iso.org/iso/catalogue_detail.htm?csnumber=38279
http://www.iso.org/iso/catalogue_detail.htm?csnumber=38279
http://www.sfm-microbiologie.org
http://resources.regione.campania.it/slide/files/Assessori/sanita/OER/file_13594_GNR.pdf
http://resources.regione.campania.it/slide/files/Assessori/sanita/OER/file_13594_GNR.pdf

	Abstract
	Background
	Results
	Conclusions

	Background
	Results and discussion
	Microbial analysis and antibiogram
	Detection of residues of antibiotics

	Conclusions
	Methods
	Sampling
	Microbial analysis and antibiogram
	Detection of residues of antibiotics
	Statistical analysis

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


