
New Sequence Types and Multidrug Resistance among Pathogenic
Escherichia coli Isolates from Coastal Marine Sediments

C. Vignaroli,a G. M. Luna,b C. Rinaldi,c A. Di Cesare,a R. Danovaro,a and F. Biavascoa

Department of Life and Environmental Sciences, Polytechnic University of Marche, Ancona, Italya; Institute of Marine Sciences, National Research Council (CNR), Venice,
Italyb; and Department of Biomedical Sciences and Public Health, Polytechnic University of Marche, Ancona, Italyc

The spread of antibiotic-resistant microorganisms is widely recognized, but data about their sources, presence, and significance
in marine environments are still limited. We examined 109 Escherichia coli strains from coastal marine sediments carrying viru-
lence genes for antibiotic susceptibility, specific resistance genes, prevalence of class 1 and 2 integrons, and sequence type. Anti-
biotic resistance was found in 35% of strains, and multiple resistances were found in 14%; the resistances detected most fre-
quently were against tetracycline (28%), ampicillin (16.5%), trimethoprim-sulfamethoxazole (13%), and streptomycin (7%).
The highest prevalence of resistant strains was in phylogenetic group A, whereas phylogroup B2 exhibited a significantly lower
frequency than all the other groups. Sixty percent of multiresistant strains harbored class 1 or 2 integrase genes, and about 50%
carried resistance genes (particularly dfrA and aadA) linked to a class 1 integron. Multilocus sequence typing of 14 selected
strains identified eight different types characteristic of extraintestinal pathogens and three new allelic combinations. Our data
suggest that coastal marine sediment may be a suitable environment for the survival of pathogenic and antimicrobial-resistant E.
coli strains capable of contributing to resistance spread via integrons among benthic bacteria, and they highlight a role for these
strains in the emergence of new virulent genotypes.

Escherichia coli is naturally part of the intestinal flora of warm-
blooded animals, including humans, and is considered a reli-

able indicator of fecal pollution of aquatic environments and of
the presence of pathogens of intestinal origin (14).

Some strains of E. coli have evolved as pathogenic strains and
can cause a wide range of extraintestinal and intestinal diseases
(17). The extraintestinal pathogenic strains belong predominantly
to the B2 and, to a lesser extent, the D phylogenetic group, while
commensal strains generally belong to phylogroups A and B1 (3,
21, 28). Strains of these four groups bear different phenotypic and
genotypic traits and appear to occupy different ecological niches
(9, 21). B2 and D group strains, which are recovered less fre-
quently from aquatic environments than group A and B1 strains,
are believed to originate from a variety of sources, including hu-
mans, wild and farm animals, and wastewater. They are stored in
“reservoirs” (e.g., sediment particles and the surface of algae) that
facilitate survival and growth outside the host (15). In this second-
ary habitat, E. coli is generally considered a transient member of
the natural microbiota. However, it has recently been suggested
that some strains that persist outside the host can become natu-
ralized members of native bacterial communities. Although spe-
cific genetic targets can probably be selected for by the environ-
ment to enhance adaptation and persistence outside the host, a
role for secondary habitats in generating and maintaining
genomic diversity in E. coli populations may also be hypothesized
(1, 2). The presence and persistence of enteric bacteria in aquatic
environments can be a sanitary risk; this risk can be significantly
raised if such bacteria are antibiotic resistant (AR).

Although drug resistance has been recognized since the early
1940s, the problem continues to grow and evolve, and the exten-
sive use and misuse of antibiotics in human and animal treatments
and in agriculture has contributed to the spread of AR bacteria
(19, 22). AR fecal bacteria have been described in seawater, fresh-
water, and wastewater (30). According to recent studies, several
marine bacteria that are normal components of the microbial as-

semblages in coastal marine waters, like those belonging to the
genera Pseudomonas, Pseudoalteromonas, Vibrio, and Roseobacter,
can also harbor resistance genes, especially those conferring resis-
tance against tetracycline (8). The presence of AR bacteria in
coastal environments is a serious health risk and can contribute to
the spread and evolution of antibiotic resistance, especially when
resistance genes are carried on mobile genetic elements (MGE).
However, little is known about the distribution of these genes
among fecal bacteria from coastal marine environments, since
most works report phenotypic studies in areas subjected to strong
selective pressure (5, 18, 35).

In this study, 109 E. coli strains isolated from coastal marine
sediments in the Adriatic Sea and previously characterized for the
presence of virulence factors (23; C. Vignaroli, G. M. Luna, C.
Rinaldi, A. Di Cesare, R. Danovaro, and F. Biavasco, unpublished
data) were examined to assess (i) the phenotypic resistance to 10
common antimicrobials used in human treatments, (ii) the pres-
ence of specific resistance determinants and their possible linkage
to MGE, and (iii) the epidemiological significance of virulent
and/or multidrug-resistant (MDR) strains, to gain information
about the presence of harmful clones capable of surviving or even
emerging in this environment.

MATERIALS AND METHODS
Bacterial strains. A total of 109 E. coli strains previously isolated from
marine coastal sediments in the Adriatic Sea and assigned to phylogenetic
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groups A (n � 38), B1 (n � 27), B2 (n � 21), and D (n � 23) were used in
this study. All details regarding sampling sites and procedure, microbio-
logical tests (including strain isolation from the sediment matrix) and the
presence of virulence factors in B2 and D strains were reported by Luna et
al. (23). Data regarding some virulence genes frequently found in com-
mensal and enteropathogenic strains, i.e., intimin (eaeA), toxins (east1,
cnf1), and iron acquisition systems (aer, fyuA, iutA, iroN), were available
for A and B1 group strains (Vignaroli et al., unpublished).

Antimicrobial susceptibility. Antimicrobial susceptibility to ampicil-
lin (AMP) (10 �g), amoxicillin-clavulanic acid (AMC) (20/10 �g), cefo-
taxime (CTX) (30 �g), gentamicin (GEN) (10 �g), streptomycin (STR)
(10 �g), tetracycline (TET) (30 �g), ciprofloxacin (CIP) (5 �g), nalidixic
acid (NAL) (30 �g), trimethoprim-sulfamethoxazole (SXT) (1.25/23.75
�g), and chloramphenicol (CHL) (30 �g) was established by the disk
diffusion method according to Clinical and Laboratory Standards Insti-
tute (CLSI) interpretive criteria (6). Briefly, a bacterial suspension in Mu-
eller-Hinton broth (Oxoid, Basingstoke, United Kingdom) adjusted to a
turbidity of 0.5 McFarland standard was spread on Mueller-Hinton agar
(Oxoid) with a sterile cotton swab. The antimicrobial disks were placed
onto the surface of inoculated agar, and plates were incubated for 24 h at
37°C. After incubation, isolates were scored as susceptible, intermediate,
or resistant to a given antimicrobial based on the inhibition zone diameter
around the disk and according to CLSI breakpoints (6). Strains resistant to
�-lactams were also evaluated for extended-spectrum �-lactamase
(ESBL) production using CLSI screening and confirmatory tests (6). The
antibiotic disks were purchased from Oxoid except for cefotaxime-clavu-
lanic acid (30/10 �g) and ceftazidime-clavulanic acid (30/10 �g) (BBL
Sensi-disc, Becton Dickinson & Co., Sparks, MD) used in ESBL testing.
Susceptibility to ampicillin, streptomycin, tetracycline, ciprofloxacin, na-
lidixic acid, sulfamethoxazole, and chloramphenicol (Sigma-Aldrich, Mi-
lano, Italy) was tested by the broth microdilution method. Serial 2-fold
dilutions of the antibiotics were prepared in Mueller-Hinton broth cation
adjusted (MHBCA) (BBL, Becton Dickinson & Co) in a 96-well standard
tray. Bacterial suspensions in MHBCA were adjusted to a turbidity of 0.5
McFarland standard and further diluted 100-fold prior to addition of the
final inoculum in each well (0.05 ml containing 1 � 106 CFU/ml). The
MIC for each isolate was recorded after incubation for 24 h at 37°C as
the lowest concentration of the drug that inhibited bacterial growth. MIC
results were interpreted according to CLSI breakpoints (6). E. coli ATCC
25922 was used as the control strain in all assays.

Detection of resistance genes and integrons. The presence of TET
resistance genes (tetA, tetB, tetC, tetD, tetE, tetG) was determined by mul-
tiplex PCR using primers and conditions described by Jun et al. (16).
Genes associated with resistance to AMP (blaTEM and blaSHV), SXT
(dfrA1), sulfonamides (sul1, sul2, sul3), and STR (strA, strB, aadA1) and
the intI1 and intI2 genes— encoding the integrase of class 1 and class 2
integrons, respectively—were detected by single PCR assays (20). The
variable region of class 1 integrons was characterized by PCR, and se-
quencing of the amplicons was obtained. For primer pairs, see Table S1 in
the supplemental material. Each PCR assay was performed in a 50-�l final
reaction volume containing 1� buffer (10 mM Tris-HCl [pH 8.8], 50 mM
KCl, and 0.1% Triton X-100), 1.5 mM MgCl2, 0.5 �M each primer, 200
�M each deoxynucleoside triphosphate (dNTP), 1 U of DyNAzyme DNA
polymerase (Finnzymes, Espoo, Finland), and 5 �l of DNA template ob-
tained from crude lysates of bacterial cultures grown overnight in brain
heart infusion broth (Oxoid). The amplification program was as follows:
1 cycle of 4 min at 94°C, followed by 30 cycles of 45 s at 94°C, 45 s at an
annealing temperature specific for each primer pair (58 to 60°C), and 45 s
at 72°C, and a final extension step of 10 min at 72°C. E. coli strains from
our laboratory collection, testing positive by PCR, were used as positive
controls after sequencing of their PCR products; antimicrobial-suscepti-
ble strains of E. coli were the negative controls.

Multilocus sequence typing (MLST). Multilocus sequence typing of
14 isolates (3 group A, 3 group B1, 3 group B2, and 5 group D strains) was
performed by sequence analysis of internal fragments of the seven house-

keeping genes adk, fumC, gyrB, icd, mdh, purA, and recA according to the
protocol reported in the E. coli MLST website (http://mlst.ucc.ie/mlst
/mlst/dbs/Ecoli/documents). The amplicons obtained for each locus were
purified using the GenElute PCR CleanUp kit (Sigma-Aldrich) and se-
quenced. The allelic profiles of the seven gene sequences, ST, and sequence
complexes were obtained from the E. coli MLST website database. New
allele numbers and ST designations were given by the curator of the E. coli
MLST database.

eBURST diagram. Phylogenetic analysis of MLST data was performed
with the eBURST algorithm using the eBURSTv3 software, available at
http://eburst.mlst.net.

Statistical analysis. Analysis of similarity (ANOSIM) was performed
using the PRIMER 6� software (Plymouth Marine Laboratory, United
Kingdom) using a permutation/randomization method on a Bray-Curtis
similarity matrix. To create the similarity matrix the susceptibility/resis-
tance patterns of each isolate were transformed into presence/absence
data. Differences were considered significant at P values of �0.05.

RESULTS
Antimicrobial resistance of E. coli strains. The 109 isolates from
marine sediment were tested for their susceptibility to 10 antimi-
crobials by the disk diffusion method (Fig. 1). Overall, 67% were
susceptible to all 10 antimicrobials, 15% were resistant to a single
agent, and 14% were MDR, defined here as those showing simul-
taneous resistance to more than two antibiotics. Resistance to tet-
racycline was the most frequent (28.4%), followed by resistance to
ampicillin (16.5%) and to trimethoprim-sulfamethoxazole
(12.8%) regardless of the phylogenetic group. Resistance to gen-
tamicin or cefotaxime was not detected. Strains of groups A and
B1 were most often resistant to tetracycline (39.4% and 33.3%,
respectively), followed by ampicillin (28.9% and 14.8%), tri-
methoprim-sulfamethoxazole (26.3% and 11.1%), streptomycin
(10.5% and 11.1%), and nalidixic acid (10.5% and 7.4%) (Fig. 1).
The prevalence of AR strains was highest in group A isolates. Only
tetracycline resistance was detected in B2 strains (Fig. 1).

There were 15 MDR isolates, of which 11 were resistant to three
or four drugs and 4 were resistant to up to seven drugs. The MIC
results of the 7 antimicrobials against which the MDR strains
showed resistance on the disk diffusion test are listed in Table 1.

Most MDR strains (25%) were phylogenetic group A, and
none were group B2 (Fig. 2, Table 1). Interestingly, 14 of the 15
MDR strains were from just two of the seven coastal sites sampled
in the Adriatic region (23): 10 strains had been collected at a depth
of 2 m (2 stations of site PE) and 4 at a depth of 5 m (3 stations of
site FE). The last MDR isolate was recovered from a third site (CF)
at a depth of 2 m. None of the 15 MDR strains were positive for the
ESBL screening test.

However, the proportion of AR strains was statistically higher
in phylogroups A, B1, and D than in group B2 (ANOSIM test, P �
0.05 for each comparison), whereas an association between AR
strains and sites or sampling depths was not detected (ANOSIM
test, P � 0.05).

Detection of resistance genes and integrons in MDR strains.
The 15 MDR strains were tested for the most common determi-
nants related to each resistance phenotype and for the genes en-
coding class 1 and 2 integrases. The results are shown in Table 1.

All strains were uniformly resistant to tetracycline, and all but
one carried the tetA gene. PCR products specific for ampicillin
(blaTEM) and trimethoprim-sulfamethoxazole (dfrA1) resistance
genes were detected in 12 and 5 strains, respectively. Resistance to
streptomycin, which was seen in 6/15 strains, was associated to the
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presence of genes strA, strB, and/or aadA1. The sulfonamide resis-
tance genes sul1 and sul2 were found, alone or together, in 12/15
isolates, sul2 being found in 11 strains; sul3 was detected in a single
strain carrying neither sul1 nor sul2. Class 1 and class 2 integrase
genes were detected in eight strains and in one strain, respectively.
Only four (Fe5E4, PE9i8, CF12i5, PE9i19) of these eight isolates
could be amplified with primers (see Table S1 in the supplemental
material) specific for the variable regions (1.5 to 2.0 kbp). Se-
quencing of the amplicons showed three different gene cassette
arrangements: dfrA1-aadA1 in two strains (Fe5E4, PE9i8) and
dfrA12-aadA2 and dfrA17-aadA5 in one strain each (CF12i5 and
PE9i19, respectively). With the exception of blaTEM, tetA, and sul2,
all resistance genes were detected in strains that also carried intI1
or intI2 (Table 1).

Multilocus sequence typing (MLST). Fourteen strains repre-
sentative of all phylogroups were analyzed for sequence type (ST)
determination. They were selected for their resistance (this study)
or virulence profile (23; Vignaroli et al., unpublished) among
those recovered from sites PE, FE, and CF. Isolates showing no
drug resistance were selected for MLST typing among those car-
rying the highest number of virulence genes, as shown in Table 2.
Ten strains (PE9i19, PE9i39, FE5E8, PE9i12, PE9i17, PE11i7,
CF13E1, PE9i35, PE11i1, FE5E4) were assigned to ST reported in
the MLST database as typical of E. coli from extraintestinal dis-
eases of humans and animals (Table 2). One strain (FE7E1) was
assigned to ST224, which includes nonpathogenic strains. The

remaining three strains (CF12i1, CF12i5, and CF12i7), isolated
from the same site, exhibited new allelic combinations and were
assigned to three new ST, designated ST1836, ST2825, and ST2224
(http://mlst.ucc.ie/). The eBURST diagram shown in Fig. 3 repre-
sents the population snapshot obtained from all ST (n � 2,090)
reported in the E. coli MLST database at the time of the study and
displays the correlations of the ST obtained in this study with the
whole MLST database.

DISCUSSION

E. coli, a widespread commensal and pathogenic bacterium of ver-
tebrates, is considered a sensitive indicator of fecal pollution in
marine and freshwater environments (23, 26, 31). Its decay rates
in aquatic environments are believed to be affected by a complex
array of interactions both with the environment, due to broad
fluctuations in its physicochemical characteristics, and with the
aquatic biota (11). Recent work has shown that many E. coli strains
can persist outside the host, probably as a result of selective pres-
sure and of favorable environmental conditions. Environmental
selection has been suggested to enhance the genetic diversity of E.
coli populations, favoring strains with characteristics enabling
persistence in the environment and enhancing their fitness in the
primary host (1, 2). The survival and persistence of E. coli in ma-
rine and freshwater environments are greater in sediments than in
the overlying water column, probably in relation to the more fa-
vorable conditions provided by this environment, such as the

FIG 1 Antimicrobial resistances detected in 109 E. coli strains from four phylogenetic groups (A, B1, B2, and D). Group A, 38 strains; group B1, 27 strains; group
B2, 21 strains; group D, 23 strains.

Vignaroli et al.

3918 aem.asm.org Applied and Environmental Microbiology

http://aem.asm.org


higher availability of organic carbon and the protection from pro-
tozoan predation and from viral infections (4, 7, 24, 32).

The E. coli strains found in coastal marine sediment originate
from terrestrial inputs, including urban waste; virulent and/or AR
strains may exchange genetic information with resident microbi-
ota and contribute to the emergence of new virulent and resistant
genotypes of clinical interest.

However, data about benthic E. coli are much more limited
compared with those on the water column. In this study, 109 E.
coli strains isolated from marine sediments (23) were tested for
susceptibility to 10 antimicrobials, for the presence of specific re-
sistance determinants linked to MGE, and for their relationship
with known pathogenic E. coli strains. AR and MDR strains were
35% and 14%, respectively. The few available studies of antimi-
crobial resistance of E. coli strains from aquatic environments (10,
30, 34) describe similar or higher prevalence values. The most
prevalent resistances detected in our strains (to TET, AMP, SXT,
and STR) are those commonly found in E. coli strains isolated
from humans or from food-producing animals, such as poultry
and swine (13, 20, 27, 33). These findings are in accordance with
the extensive use of these antimicrobials in many settings (human
and veterinary medicine, agriculture, and aquaculture) and with
the reported spread of the corresponding resistances in the envi-
ronment (8, 19). The highest prevalence of AR strains was found
in group A isolates, as described in other studies (10, 27).

B2 strains showed a significantly lower frequency of antimicro-
bial resistances compared to all the other phylogroups; in contrast,
no significant differences were found between the proportion of
AR strains and the sampling site or sampling depth, suggesting a
widespread spatial distribution of the most frequent resistances in
the coastal area investigated and the need for a greater under-
standing of the drivers of the spatial distribution of antibiotic re-
sistance in marine sediments. However, it should be noted that
one of the sites (PE), where 10 of the 15 MDR strains were recov-
ered, was the most polluted from urban wastes, as previously re-
ported (23), whereas the FE site, where four MDR strains were
recovered, exhibited no significant differences compared with the
other sites (23).

TABLE 1 Resistance phenotype and genotype of the 15 MDR strains of Escherichia coli

MDR
strain Phylogroup

MIC (�g/ml)a

Resistance genes
Integrase gene
(class 1 or 2)AMP STR TET CIP NAL SUL CHL

PE site
PE9i6 A �128 8 128 �0.125 2 �512 8 blaTEM tetA sul2
PE9i8 A �128 �128 128 8 �128 �512 8 blaTEM strA aadA1 tetA sul1 sul2

dfrA1
intI1

PE9i42 A �128 16 128 �0.125 0.5 �512 4 blaTEM tetA sul2
PE9i19 A 32 32 �128 �0.125 �128 �512 128 aadA1 tetA sul1 sul2 intI1
PE9i26 A �128 16 128 �0.125 2 �512 128 tetA sul2
PE9i39 A �128 16 �128 �0.125 2 �512 8 blaTEM tetA sul2
PE9i45 A �128 8 �128 �0.125 2 �512 8 blaTEM tetA sul2
PE11i1 B1 2 �128 �128 �0.125 4 �512 8 strA strB aadA1 tetA sul2 dfrA1 intI2
PE11i7 D �128 �128 �128 �0.125 2 �512 4 blaTEM strA strB tetA sul2 intI1
PE9i27 D �128 4 128 �0.125 2 �512 8 blaTEM tetA

FE site
FE5E4 A �128 �128 �128 �0.125 2 �512 �128 blaTEM strA aadA1 tetA sul1 sul2

dfrA1
intI1

FE5E11 A �128 16 �128 �0.125 2 �512 128 blaTEM tetA sul1 dfrA1 intI1
FE6E4 A �128 4 �128 �0.125 �128 �512 4 blaTEM sul2 dfrA1 intI1
FE7E1 B1 �128 128 �128 32 �128 �512 128 blaTEM strA strB aadA1 tetA sul3 intI1

CF site
CF12i5 B1 �128 8 128 �0.125 128 �512 8 blaTEM tetA intI1

a AMP, ampicillin; STR, streptomycin; TET, tetracycline; CIP, ciprofloxacin; NAL, nalidixic acid; SUL, sulfamethoxazole; CHL, chloramphenicol. MIC interpretive standard (S,
susceptible; I, intermediate; R, resistant) (6): AMP, S � 8, I � 16, R � 32; STR, no MIC interpretive standard available; TET, S � 4, I � 8, R � 16; CIP, S � 1, I � 2, R � 4; NAL,
S � 16, R � 32; SUL, S � 256, R � 512; CHL, S � 8, I � 16, R � 32.

FIG 2 Prevalence of MDR strains among the 109 E. coli isolates analyzed in
this study.
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For the vast majority of genes a clear association was seen be-
tween AR determinants and the presence of MGE, particularly
integrons. As many as 60% of MDR strains harbored class 1 or 2
integrase genes, and 80% carried sul genes, which are usually
found on integrons, transmissible plasmids, or other MGE (33).
Moreover, the genes most commonly involved in resistance to

STR and STX were found only in integrase-positive MDR strains.
Sequencing of the variable region of the class 1 integron demon-
strated that these resistance genes (particularly aadA and dfrA)
were inside the integron in about half of the integron-positive
MDR strains. This is the first study reporting a linkage between AR
genes and MGE in E. coli strains from marine sediment.

TABLE 2 Sequence type and other data for selected MDR and virulent Escherichia coli strains

Strain Phylogroup Virulence/resistance genesb Sequence type Host typea Pathogen type(s)a,c Diseasea,d

PE9i19 A traT/aadA1 tetA sul1 sul2 ST48 Human/animal ETEC, EPEC, EAEC, UPEC Diarrhea, UTI,
sepsis

PE9i39 A ibeA fyuA/blaTEM tetA sul2
FE5E4 A �/blaTEM strA aadA1 tetA sul1 sul2

dfrA1
FE7E1 B1 �/blaTEM strA strB aadA1 tetA sul3 ST224 Human Nonpathogen None
PE11i1 B1 aer/strA strB aadA1 tetA sul2 dfrA1 ST1136 Human UPEC UTI
CF12i5 B1 �/blaTEM tetA ST 2825 Unknown Unknown None
FE5E8 B2 hylA cnf1 sfa ibeA fyuA aer iroN

traT/�
ST80 Human/animal NMEC, ExPEC, UPEC UTI, meningitis

PE9i12 B2 hylA cnf1 sfa pap fyuA iroN traT/� ST127 Human/animal ExPEC, UPEC Sepsis, UTI
PE9i17 B2 cnf1 sfa pap eaeA ibeA fyuA iroN

traT/�
PE11i7 D iutA aer iroN traT/blaTEM strA strB

tetA sul2
ST648 Human/animal Commensal, UPEC Sepsis, UTI

CF12i1 D east1 iutA iroN traT/� ST1836 Unknown Unknown None
CF12i7 D eaeA ibeA fyuA traT/� ST2224 Unknown Unknown None
CF13E1 D eaeA ibeA fyuA traT/� ST1148 Animal ExPEC Mastitis
PE9i35 D ibeA fyuA aer traT/blaTEM tetA ST117 Human/animal APEC, UPEC Sepsis, UTI
a Data regarding host, pathogen type, and commonly associated diseases are from the MLST database.
b Reference 23 and Vignaroli et al., unpublished data. �, no gene detected .
c ETEC, enterotoxigenic E. coli; EPEC, enteropathogenic E. coli; EAEC, enteroaggregative E. coli; UPEC, uropathogenic E. coli; NMEC, neonatal meningitis E. coli; ExPEC,
extraintestinal pathogenic E. coli; APEC, avian pathogenic E. coli.
d UTI, urinary tract infection.

FIG 3 Population snapshot showing the clusters of related ST and the individual unrelated ST within the MLST E. coli database (3,725 isolates). The ST indicated
are those found in this study. The three new ST are boxed.
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Our data support the hypothesis that integrons may contribute
to the dissemination of antimicrobial resistance among Gram-
negative bacteria—including autochthonous species of marine
coastal sediments—via horizontal transfer, and they suggest a role
for the sediment reservoir of AR E. coli in the spread of antibiotic
resistances in the coastal marine environment. MLST analysis of
14 selected virulent and MDR strains showed that there was no
similarity among isolates, either from the same site or from differ-
ent sites. Only the three group A strains (PE9i19, PE9i39, and
FE5E4) from sites PE and FE were found in the same ST (ST48),
but they had different virulence and resistance patterns. Most
strains showed ST which comprise several pathogenic extraintes-
tinal human or animal strains of E. coli (http://mlst.ucc.ie/). In
particular, ST48 is part of clonal complex CC10, the largest group
of closely related ST in the database, which includes both extraint-
estinal pathogens and intestinal or nonpathogenic strains, while
ST127 (strains PE9i12 and PE9i17) has recently been reported as a
virulent clone widespread in hospital and community urinary
tract infections (12).

Two group D strains (CF12i1 and CF12i7) and a group B1
strain (CF12i5), remarkably isolated from the same site (CF), ex-
hibited new allelic combinations. The first two were susceptible to
all 10 antimicrobials and carried four different virulence genes
(east1, iutA, iroN, traT in CF12i1; eaeA, ibe10, fyuA, traT in
CF12i7) (23; Vignaroli et al., unpublished), whereas CF12i5,
though carrying no virulence genes, harbored resistance genes
(bla and tet genes) very common also in natural environments (8,
19). It has been suggested that virulence and some resistance de-
terminants may be genetic traits enhancing bacterial survival and
fitness outside the host (25, 29). Persistence in a secondary habitat,
as reported by Anderson et al. (1), is not related to a specific phy-
logenetic group but seems to be strain-dependent.

It may thus be hypothesized that isolates CF12i1, CF12i5, and
CF12i7 are not clinical strains reaching the marine environment
through hospital or other waste: this is also supported by their
antibiotic susceptibility profile and by their belonging to ST never
reported among pathogenic strains. The virulence or resistance
determinants carried by the three strains may have been acquired
from the environment and may contribute to their evolution as
human pathogens.

In conclusion, the large proportion of resistant E. coli found in
coastal sediments may constitute a health risk, as a reservoir for
the dissemination of antibiotic resistance genes among native mi-
crobial communities. The involvement of the marine environ-
ment in the evolution of new virulent E. coli genotypes clearly
warrants further investigation.
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