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ABSTRACT

Urban lakes and fountains provide recreational activities that could facilitate the contact between humans, animals and
biological agents. The objective of this work was to assess the water quality and safety of 17 lakes and 13 fountains in
the city of Porto (Portugal), by detecting the presence of Escherichia coli, enterococci and Salmonella spp., and analyz-
ing their antimicrobial resistance. The mean number of E. coli colony forming units (CFU) was higher, both in lakes
(2.67 x 10° CFU/100 ml) and fountains (3.52 x 10 CFU/100 ml), in comparison to enterococci counts: 5.60 x 10* and
4.10 x 10 CFU/100 ml, respectively. By screening a set of 26 multidrug-resistant E. coli (including seven ESBL-pro-
ducing isolates) for virulence genes, we found strains carrying the fimH, chud, cvaC, cnfl, hlyA, TSPE4.C2 and yjaA
genes. Phylogenetic analyses have shown that the majority of E. coli strains belong to groups A and B1. Salmonella spp.
was found in two lake water samples. Generally, the fecal contamination was notorious and worrisome, requiring pre-
ventive measures to minimize the negative impacts on human health. Finding the contamination source is definitely im-
portant so that interventions can be more effective.
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1. Introduction nal or extra-intestinal (EXPEC isolates) disease, due to the
existence of virulence genes in their genome or plasmids
[3]. According to Clermont ef al. [4], the analysis of vi-
rulence genes contributes to the classification of E. coli
into phylogenetic groups. The most virulent strains be-
long to the phylogenetic group B2, with a minority of
strains belonging to group D. Most of the commensal
strains are included in group A and B1 [5].

Enterococci are also present in the normal gut of ani-
mals and humans, and have been used as a water quality
indicator in many countries. Presently, the genus Ente-
rococcus comprises 51 validly published species [6]. How-
ever, Enterococcus faecium and Enterococcus fecalis are
the most prevalent species in animal feces and commonly
used as indicators of fecal pollution [7,8].

In general, due to the difficulty associated with the di-
rect isolation of pathogens from water samples, indica-
tors of fecal pollution may denounce the presence of pa-
“Corresponding author. thogenic microorganisms (such as salmonella) in water

Recreational and decorative use of water can have im-
portant effects on health and well-being. Presently, in se-
veral cities, lakes and fountains are mainly used for these
purposes. However, the contamination of urban lakes and
fountains with fecal material can turn these water spots
into potential hazards for public health. The presence of
total coliforms, fecal coliforms and Escherichia coli is
indicators of fecal pollution and commonly used to ana-
lyze the safety and quality of water supplies and recrea-
tional water [1,2].

E. coli belongs to the family of Enterobacteriaceae
and is a common inhabitant of the gastrointestinal tract of
humans and animals, and can be easily spread through
water contaminated with fecal material. As a genetically
diverse group, most strains of E. coli are harmless com-
mensals, but others are capable of causing either intesti-
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[9,10].

The presence of Salmonella spp. in water is an impor-
tant parameter for the assessment of water safety, due to
their high infective potential. Several characteristics of
these bacteria, such as genetic (e.g. pathogenicity islands
and virulence plasmids pSLT) or morphologic (e.g. fim-
briae and flagella), facilitate their proliferation and adhe-
sion to the eukaryotic cells of hosts, causing associated
pathologies (manly gastroenteritis and typhoid fever) [11,
12].

Currently, all previous bacteria have been used in many
studies in order to assess the burden of antimicrobial re-
sistance present within a determined biome. Bacterial an-
timicrobial resistance is a current concern and there is a
worrisome emergence and dissemination of resistance me-
chanisms due to the increasing use of antibiotics [13,14].
For example, in the case of some gram-negative bacteria
(e.g. E. coli), antimicrobial resistance can be provided by
the production of extended-spectrum f-lactamases (ESBL),
which destroy antibiotics included in the class of betalac-
tams [15,16].

Aquatic environments can provide the necessary con-
ditions for the development and spreading of new or mu-
tated microbial strains, mainly caused by the presence of
low concentration of antibiotics [17]; the availability of
diverse gene content is due to the possible contact with
multiple transmission vectors of DNA [18-20] and a po-
tential food source.

Previous studies have focused in water quality and sa-
fety of rivers [21] and coastal waters [22]. In this study,
we assessed the presence of microorganisms, indicators
of fecal contamination, in different recreational water
spots, which are frequented by people or their household
pets. Antimicrobial susceptibility of the isolates identi-
fied was also investigated. In addition, the detection of
virulence genes was performed to assess the virulence of
some E. coli isolates. The salmonella serotypification was
also performed in order to predict their potential pathoge-
nicity. The ultimate goal of this study is to alert for the
risks and contribute to the improvement of public health
conditions.

2. Materials and Methods
2.1. Sample Collection

Sampling was carried out between September 2011 and
March 2012, in 30 places: 17 lakes and 13 fountains in
Porto (Figure 1). Samples of 1000 ml of water were col-
lected in sterile bottles, from two to four distinct points
of the respective lake or fountain and immediately pro-
tected from sunlight and transported in an insulated con-
tainer to the laboratory, where they were homogenized
and subjected to a coarse filtration through sterile gauze,
to remove major sediments. The following studies were
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Figure 1. Map of the city of Porto, adapted from www. cm-
porto.pt. Each circle represents a sampling place (lakes-L
and fountains-F): 1-Jardim da Cordoaria (L), 2-Jardim
Abel Salazar (L), 3-Praca da Galiza (L), 4-Praca da Galiza
(F), 5-Lago Rosalia (L), 6-Fonte dos Ledes (F), 7 and 8-
Avenida dos Aliados (F), 9-Palacio de Cristal (L), 10-Pa-
lacio de Cristal (F), 11-Largo dos Arcos (L), 12-Arcos (F),
13-Largo da cAmara municipal do Porto (F), 14 and 15-Par-
que da Cidade (L), 16-“Cubo” da Ribeira (F), 17-Jardim
Boténico (L), 18-Jardim Boténico (F), 19-Campo 24 de Agos-
to (L), 20-Praca do Marqués (F), 21-Parque da Pasteleira
(L), 22, 23 and 24- Jardim do passeio alegre (F), 25-Funda-
¢do Serralves (L), 26 and 27-Praca da Corujeira (L), 28 and
29-Parque de S. Roque (L) and 30-Jardim de Arca d’Agua

(L).
performed with the filtered sample.

2.2. Enumeration of Total Heterotrophs,
E. coli and Enterococcus spp.

For E. coli, enterococci and total heterotrophs enumera-
tion, duplicates of each water sample with volumes of
100 (for fountains), 50 (for lakes), 10, 1 and 0.1 ml were
filtered through a 0.45 pm-pore-size membrane filters
(Millipore Corporation, USA). The filters were placed on
TBX Agar (Biokar Diagnostics, France), on Slanetz &
Bartley Medium (SB) (Oxoid, United Kingdom) and on
Plate Count Agar (Oxoid) for E. coli (blue-coloured colo-
nies), enterococci (presuntive) and total heterotrophic
bacteria enumeration, respectively. The plates were incu-
bated at 37°C for 24 h (E. coli) or 48 h (enterococci and
heterotrophic bacteria). Enterococcus spp. colonies were
confirmed in Kanamycin Aesculin Azide Agar (Liofil-
chem, Italy) (KAA), incubated at 44°C for 4 hours (brown-
coloured colonies). Boxplot diagrams were designed with
the CFU enumeration data of total heterotrophs, E. coli
and Enterococcus spp., using the SPSS program version
19 for Windows (IBM Corporation, USA). The data were
expressed as colony forming units (CFU) per 100 ml of
water sample.

2.3. E. coli, Enterococcus spp. and
Salmonella spp. Isolation and
Antimicrobial Susceptibility Testing

For the isolation of salmonella, a volume of 100 ml was
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filtered through a 0.45 um-pore-size membrane. A preli-
minary enrichment was carried out by placing the filter in
100 ml of Buffered Peptone Water (Oxoid). After incu-
bation at 30°C for 16 hours, the enrichment was perform-
ed transferring 1500 pl from the pre-enrichment to 15 ml
of Selenite Cystine Enrichment Broth (Merck, USA) and
10 pl from the pre-enrichment to MRSV Agar (Biokar
Diagnostics); both were incubated at 41.5°C for 24 hours.
Finally, the isolation of salmonella colonies was perform-
ed using the streak plate technique on XLD Agar (Biokar
Diagnostics) and Hektoen Enteric Agar (Liofilchem) plates,
incubated at 37°C for 24 hours. Confirmation of the pre-
sence of salmonella was performed in TSI medium, API
20 E (BioM¢érieux, France) and antiserum polyvalent OMA
(Bio-Rad, USA) through the observation of the formation
of clots.

For the antimicrobial susceptibility testing and further
PCR analysis, E. coli and enterococci isolates were ob-
tained in the adequate selective media by the streak plate
technique. Additionally, volumes of 50 to 100 ml of wa-
ter samples were also filtered through a 0.45 pm-pore-
size membranes and then incubated on TBX agar plates
supplemented with cefotaxime (2 pg/ml), ampicillin (8
pg/ml) or ciprofloxacin (4 pg/ml) (Sigma-Aldrich, France)
and on SB supplemented with vancomycin (6 pg/ml),
ampicillin (8 pg/ml) or ciprofloxacin (4 pg/ml), respec-
tively. The plates were incubated at 37°C during 24 - 48
hours.

A maximum of three colonies of E. coli and enterococ-
ci were selected from agar plates supplemented and non-
supplemented with antimicrobial drugs to test for antim-
icrobial susceptibility and then stored at —20°C until fur-
ther processing. Susceptibility to antimicrobial agents was
tested using the disk diffusion method, according to the
Clinical and Laboratory Standards Institute guidelines [23],
using the following antibiotics (Oxoid) for E. coli and
Salmonella spp.: cephalothin (CEF, 30 pg), cefoxitin
(FOX, 30 ng), cefotaxime (CTX, 30 ng), ceftazidime
(CAZ, 30 pg), amoxicillin/clavulanic acid (AMC, 30 pg),
ampicillin (AMP, 10 pg), aztreonam (ATM, 30 pg), imi-
penem (IPM, 10 pg), gentamicin (GEN, 10 pg), kanamy-
cin (KAN, 30 pg), tobramycin (TOB, 10 pg), amikacin
(AMK, 30 pg), streptomycin (STR, 10 pg), nalidixic acid
(NA, 30 pg), ciprofloxacin (CIP, 5 pg), chloramphenicol
(CHL, 30 pg), tetracycline (TET, 30 ug), nitrofurantoin
(NIT, 300 pg) and sulfamethoxazole/trimethoprim (SXT,
25 ng); and for Enterococcus spp.: ampicillin (AMP, 10
pg), gentamicin (GEN, 120 pg), ciprofloxacin (CIP, 5
ng), chloramphenicol (CHL, 30 pg), tetracycline (TET,
30 ug), nitrofurantoin (NIT, 300 pg), vancomycin (VAN,
30 pg), teicoplanin (TEC, 30 pg), erythromycin (ERY,
15 png), azithromycin (AZM, 15 pg), rifampycin (RIF, 5
pg) and quinupristin-dalfopristin (Q/D, 15 pg).
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The ESBL phenotype in E. coli culture was observed
on plate according to the method of disk approximation
test [15,24].

2.4. DNA Extraction

Genomic DNA was extracted by treatment with lysozy-
me (1 mg/ml; Sigma) and proteinase K (0.5 mg/ml; Sig-
ma).

2.5. PCR Analysis and Salmonella spp.
Serotypification

The screening of virulence genes and the determination
of the phylogenetic groups of E. coli isolates were per-
formed in 21 isolates from lakes (which displayed five or
more antibiotic resistances) and 5 isolates from fountains
(all the isolates from fountains that displayed antibiotic
resistance). A group of 26 virulence genes reported in the
literature to be associated with E. coli pathotypes were
amplified by multiplex and uniplex PCR sets as previ-
ously described by Chapman et al. [25]. The phylogene-
tic groups of E. coli were determined with amplification
of the genes chuA, yja4 and TSPE4.C2 [4].

Amplification of the genes related to the species-spe-
cific identification of E. fecalis, E. faecium, E. flavescens,
E. durans, E. casseliflavus, E. gallinarum, E. avium, E.
cecorum and E. hirae was performed as described by
Jackson et al. [26]. This screening was performed in six-
teen drug-resistant enterococci isolates.

PCR products were resolved by electrophoresis on a
1.5% agarose-Tris-Borate-EDTA gel containing ethidium
bromide (10 mg/ml). A DNA molecular weight marker
of 1kb (Plus DNA ladder, Fermentas, Lithuania) was us-
ed as a standard. The results were visualized by Gel
Doc™ XR+ System with Image Lab™ Software (Bio-
Rad, USA).

The salmonella isolates were sent to LNIV (National
Laboratory of Veterinary Investigation, Portugal) for se-
rotypification.

3. Results
3.1. Enumeration of Bacterial Populations

All the sampled sites (17 lakes and 13 fountains) showed
bacterial colonization. The average of CFU of heterotro-
phic bacteria per 100 ml of water sample detected for
lakes and fountains was 1.32 x 10°> and 4.23 x 104, re-
spectively (Figure 2(A)). In addition, the CFU amount of
E. coli was higher both in lakes (mean = 2.67 x 10°
CFU/100 ml) and in fountains (mean = 3.52 x 107
CFU/100 ml) (Figure 2(B)), in comparison to enteroco-
cci CFU counts (mean = 5.60 x 10> CFU/100 ml and
mean = 4.10 x 10 CFU/100 ml) (Figure 2(C)).
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3.2. Antimicrobial Susceptibility and PCR
Analysis

Resistance rates of E. coli and enterococci isolates from
non-supplemented media are displayed in Tables 1 and 2,
respectively. Interestingly, only resistance to cephalotin
(9.1%) was found among the eleven E. coli isolates from
fountains, whereas isolates obtained from lakes (n = 18)
displayed resistance to tetracycline (44.4%), nalidixic
acid (22.2%), cephalotin (16.6%) and similar resistance
rates to ampicilin and streptomycin(27.8%), as well as,
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to ciprofloxacin, chloramphenicol and kanamycin (16.7%).
Resistance to cefotaxime, amikacin and trimethoprim/
sulfamethoxazol was observed only in 5.6% of E. coli
isolated from lake samples.

In relation to the enterococci isolated from lakes (n =
35), a large number exhibited resistance to quinupristin-
dalfopristin, tetracycline, rifampicin (>30%) and azitro-
micin (28.3%). Furthermore, resistance to erythromycin
(17.1%), nitrofurantoin (14.3%), ciprof loxacin (11.4%),
ampicillin (2.9%) and chloramphenicol (2.9%) was also
observed. In contrast, among the 12 enterococci isolates
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Figure 2. Enumeration of total heterotrophs (A); E. coli (B) and Enterococcus spp. (C) from lakes and fountains. The esti-
mated means with the associated standard deviation are under the respective water spot name.

Table 1. Percentage of antibiotic resistance among 29 E. coli isolates obtained from non-supplemented media (18 isolated

from lakes and 11 from fountains).

Antimicrobial® Resistance (%)

Place n

AMP FOX IPM CIP GEN NIT TET CTX ATM CAZ CEF AMK STR NA CHL TOB SXT KAN AMC
Lakes 18 278 0.0 00 167 00 00 444 56 00 00 166 56 27.8 222 167 0.0 56 167 0.0
Fountains 11 00 00 00 00 00 00 00 00 00 00 91 00 00 00 00 00 00 00 00

For abbreviations see Materials and Methods section.

Table 2. Percentage of antibiotic resistance among 47 enterococci isolates obtained from non-supplemented media (35 isolated

from lakes and 12 from fountains).

Antimicrobial® Resistance (%)

Place n
AMP Q/D TET RIF ERY GEN VAN AZM TEC CHL NIT CIP
Lakes 35 2.9 31.4 0.0 43.0 17.1 0.0 0.0 28.6 0.0 2.9 14.3 11.4
Fountains 12 16.7 25.0 16.7 16.7 0.0 0.0 0.0 333 0.0 0.0 0.0 8.3
For abbreviations see Materials and Methods section.
Open Access JWARP
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from fountains, 33.3% showed resistance to azitromicin,
25% to quinupristin-dalfopristin and 16.7% showed re-
sistance to ampicillin, tetracycline and erythromycin. A
smaller percentage of the isolates (8.3%) showed resis-
tance to ciprofloxacin.

ET AL. 1121

The antimicrobial resistance pattern of the isolates with
a higher number of simultaneous resistances is shown in
Table 3 for E. coli (n =26) and in Table 4 for Entero-
coccus spp. (n = 16). Both bacteria groups showed di-
verse drug resistance profiles. In addition, seven E. coli

Table 3. Description of antimicrobial resistance profile, virulence genes and phylogenetic group of 26 E. coli isolates (21 from

lakes and 5 from fountains).

Lakes

Isolate Antimicrobial® resistance pattern Phylogenetic group Virulence genes detected by PCR

1/100C AMP CIP TET CTX CEF NA SXT A yjaA, fimH, cvaC
2/100A AMP CIP GEN TET STR NA CHL SXT KAN A yjaA, fimH, cvaC
2/100C AMP CTX KF NA SXT B1 TSPE4.C2, fimH, cvaC

2/502 AMP TET KF STR NA Bl yjad, TSPE4.C2, fimH, cnfl, cvaC

11 AMP CIP TET STR NA CHL KAN A yjad, fimH, cvaC
11/100A AMP TET STR CHL SXT KAN A yjad, fimH,

14/500 AMP FOX TET AMC CEF STR SXT B1 TSPE4.C2, fimH, cvaC
14/102P AMP CIP TET CTX CEF NA SXT Bl TSPE4.C2, fimH, cvaC
14/100A AMP CIP TET STR NA SXT A SimH
14/102C AMP GEN CTX ATM CAZ CEF Bl yjaA, TSPE4.C2, fimH, cvaC
15/100C AMP FOX TET AMC CEF STR SXT B1 yjaA, TSPE4.C2, fimH, cvaC
15/100P AMP CIP TET STR NA CHL A yjad, fimH, cvaC
15/101P CIP TET STR NA SXT B1 TSPE4.C2, fimH, cvaC
15/102P AMP CIP TET NA CHL B1 TSPE4.C2, fimH, cvaC

15/501 AMP TET CTX ATM CEF STR A fimH, cvaC

19/500 AMP CIP TET ATM CAZ CEF STR NA CHL SXT A fimH, cvaC
21/102A AMP CIP NIT TET CEF STR NA SXT Bl TSPE4.C2, fimH, cvaC
21100¢ AMP CIP TET CTX ATM CAZ AMC K A i, fnt,cvaC
21/102C AMP FOX TET ATM CAZ AMC CEF STR NA KAN A fimH, cvaC
28/100P A O e e M AN CEL MK BI yjad, TSPE4.C2, fimH, cvaC
28/500 AMP TET CTX ATM CEF SXT B1 TSPE4.C2, fimH, cvaC

Fountains

Isolate Antimicrobial resistance pattern Phylogenetic group Virulence genes detected by PCR
6/100A AMP TET STR CHL SXT A yjaA, fimH, cvaC
6/101A AMP TET CHL SXT A fimH, cvaC

23/1 CEF B2 chud, yjaA, TSPE4.C2, fimH, hlyA e cvaC
23/100A AMP TET STR NA SXT A yjad, fimH, cvaC
23/101P AMP CIP TET CEF NA A fimH, cvaC

*For abbreviations see Materials and Methods section. “corresponds to isolates from non-supplemented medium.
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Table 4. Description of antimicrobial resistance profile and enterococcal species of 16 isolates (9 from lakes and 7 from foun-

tains).
Isolate Antimicrobial resistance pattern Species Place
14/100P AMP Q/D TET ERY AZM NIT E. faecium
19/17 TET RIF AZM NIT CIP E. faecium
19/2° RIF ERY AZM E. faecium
2172 AMP Q/D RIF ERY VAN AZM E. faecalis
21/100A AMP TET NIT CIP E. faecium Lakes
21/103V TET RIF AZM NIT CIP E. faecium
21/105V TET RIF AZM CIP E. faecium
27/100A AMP Q/D TET RIF ERY VAN AZM CIP E. faecalis
27/100P TET RIF AZM CIP E. faecalis
31" AZM E. casseliflavus
4/100V TET RIF E. casseliflavus
6/102V Q/D TET ERY AZM VAN E. faecalis
41" AZM E. casseliflavus Fountains
16/17 Q/D TET RIF AZM E. faecalis
23/1° Q/D E. hirae
23/2" TET E. faecium

*For abbreviations see Materials and Methods section. “corresponds to isolates from non-supplemented medium.

isolates (2/100C, 2/502, 14/102P, 14/102C, 15/501,
21/100C and 28/500), exclusively from lake water sam-
ples, presented an ESBL phenotype.

Phylogenetic analysis of E. coli showed that the groups
A and Bl were the most representative, with 14 and 11
isolates respectively. The phylogenetic group B1 appear-
ed only in lake isolates and included five isolates with
ESBL phenotype. In contrast, almost all E. coli isolates
from fountains belonged to the phylogenetic group A, with

the exception of isolate 23/1 which belonged to group B2.

The virulence gene hly4 appeared exclusively in this
isolate. The gene cnf! was also amplified only in one E.
coli isolate (2/502). On the other hand, fimH were found
in all E. coli strains and only three isolates from lake
water samples were negative for cvaC gene. The genes
yjaA, TSPE4.C2 and chuA, which are used for determina-
tion of the phylogenetic group of E. coli, were identified
in a total of 13, 12 and 1 isolate(s) respectively.

The drug-resistant enterococci isolates belong to five
different species: E. faecium, E. fecalis, E. hirae and E.
casseliflavus. Six out of nine enterococci isolates from

lakes were identified as E. faecium and three as E. fecalis.

Nevertheless, two isolat es from fountains were identi-
fied as E. fecalis and only one as E. faecium. Antibiotic-
resistant isolates classified as E. hirae (one isolate) and E.
casseliflavus (four isolates) were detected only in water

Open Access

samples from fountains.

Salmonella spp. was detected in two lake water sam-
ples. According to the salmonella serotypification per-
formed by LNIV, both isolates corresponded to Salmo-
nella II 42:b:e,n,x,z15. These isolates showed high sus-
ceptibility to all the antibiotics tested (data not shown).

4. Discussion

The importance of assessing the quality and safety of na-
tural waters (as other natural habitats) have already been
reported as being crucial to understand the phenomenon
of antibiotic resistance in natural environments irrespec-
tive of the human use of antibiotics, and its potential rela-
tion with the development of antibiotic resistance in hu-
man pathogens [27,28].

Our quantitative results showed that heterotrophic bac-
teria, E. coli and Enterococcus spp. were more abundant
in lakes than in fountains. This might be due to the fact
that lakes have a greater environmental exposure (larger
surface) and are exposed to the rainfall runoff, while
fountains have less volume of water which is constantly
renovated. Furthermore, the water of lakes is more turbid
and stagnated, which decrease the bactericidal effects of
UV radiation.

In this study, E. coli and enterococci were found to be
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ubiquitous among the water samples collected. Although
tracing back the presence of these bacteria to their source
is difficult; feces from birds (e.g. sparrows, seagulls and
pigeons) [29,30], as well as other urban animals (such as
dogs and cats) [31-33] are all possible sources. Actually,
the lack of physical barriers allows the daily contact of
pigeons, seagulls and/or ducks, as well as dogs, cats and/
or humans with these water spots, providing and “input
and output” of the contaminant bacteria. In addition,
droppings near water spots (on the ground or on trees for
example) after dehydration may also be carried by the
wind or pluvial waters into the lakes and fountains.

Regarding the antibiotic resistance profiles, many iso-
lates displayed resistance to antibiotics commonly used
in the treatment of bacterial infections, such as ampicilin,
ciprofloaxacin and cefotaxime. However, only 7 out of
29 E. coli i solates and 10 out of 45 enterococci isolates
from non-supplemented media showed a multidrug resis-
tance profile (data not shown), whereas almost all sup-
plemented media isolates (with antibiotic as a selective
factor) showed multidrug resistance.

The majority of the multidrug-resistant enterococci stu-
died were E. fecalis or E. faecium, but other species were
also present at lower number such as E. casseliflavus and
E. hirae. This finding is in agreement with previous stu-
dies that reported the prevalence of these strains in fecal
contaminated environmental samples [34-36] and show-
ed a particular ability of E. faecium and E. fecalis to ac-
quire and maintain resistance traits [37,38].

Previous studies described a high prevalence of mul-
tidrug-resistant E. coli and Enterococcus spp. in waste-
waters [35,39]. These habitats conjugate three important
factors to the emergence and persistence of multidrug-re-
sistant bacteria: i) a source of high microbial concentra-
tion and fecal bacteria; ii) a diverse pool of resistance
genes; iii) the presence of sub-lethal antibiotic concentra-
tions, which allow the development of antibiotic toler-
ance. In contrast, due to the absence of contact with the
sewage, those factors should not be present in the water
bodies sampled for this study. Thus, the results obtained
suggest that the antimicrobial-resistant bacteria were
added to the water spots and the expression of these re-
sistances (e.g. ESBL) has been maintained. The presence
of antibiotic-resistant bacteria in natural waters may con-
tribute to the widespread dissemination of antimicrobial
resistance, constituting a public health problem [13,28].

Although almost E. coli isolates were commensal it
must be noted that these bacteria are able to interact and
share their genomic content (e.g. virulence an antibiotic
resistance genes) [20] with native microbiota in other
places or hosts (such as in the human gut) [40]. Further-
more, the gene fimH was detected in all E. coli isolates.
The expression of this gene is responsible for fimbriae
adhesion to intestinal epithelium and colonization of the
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mucosa [41]. Previous studies indicated the high conser-
vation of this gene in pathogenic E. coli from avian ori-
gin (APEC) (>99% homology), which is a subgroup of
the extra-intestinal pathogenic E. coli pathotype (EXPEC)
[42]. Additionally, the presence of the cvaC gene (which
codifies a toxin) in the majority of the isolates tested (23
out of 26) also suggests the presence of E. coli from birds
in these water spots. This gene is in a colicine V plasmid,
which is commonly found in APEC and uropathogenic E.
coli (UPEC) (another EXPEC group) and includes genes
for antibiotic resistance [41,43]. This plasmid has also a
high zoonotic potential, including for human microbiota
[41,43]. Furthermore, UPEC strains are more likely to
possess P pili, S pili, fimbrial adhesion, and toxins such
as hemolysin and cytotoxic necrotizing factor 1 [3,44].
The last two features are related to the #/y4 and cnfl ex-
pression, respectively. In this study, only two isolates
presented one of these genes: the isolate 2/502 which has
the cnfl gene and the isolate 23/1, which possesses the
gene hlyA. The necrotizing factor 1 is a citotoxic exoto-
xin which is responsible for cell necrosis [45]. The hlyA
induces proteolysis of host proteins, which modulates the
epithelial cell functions and suppresses inflammatory res-
ponses (e.g. impairing the role of macrophages) [46]. The
isolate 23/1 also belongs to the phylogenetic group B2,
whose members are mainly pathogens [4].

PCR studies using combinations of three virulence
genes [4] showed that almost all E. coli isolates were
classified as belonging to the group A (chud yjad
TSPE4.C2™ or chud™ yjaA™ TSPE4.C2") and Bl (chud
yjad~ TSPE4.C2"), which together include almost all the
commensal strains. In this way, the presence of some vi-
rulence genes is probably due to the high genome plas-
ticity of E. coli strains, which is the main promoter for
their rapid evolution, as reported in other studies [47,48].

According to standard conventions for salmonella se-
rovar designation [49,50], the two salmonella isolates cor-
respond to Salmonella enterica subsp. salamae serotype
Uphill. Although this subspecies is not frequently associ-
ated to pathogenecity in humans, some reports from Cen-
ters for Disease Control and Prevention (CDC) and Na-
tional Veterinary Services Laboratories from USA (NSVL)
noticed this serotype as a clinical isolate from nonhuman
sources (isolated from wild birds). Other studies showed
a prevalence of Salmonella enterica salamae in reptiles
and amphibians [51]. In addition, preliminary results from
a study which we are conducting in the beaches of Porto
showed a high prevalence of salmonella (77.3%) in sea-
gull feces (n = 40) (unpublished data). Besides being
hosts of Enterococcus spp. and E. coli, seagulls [52] and
pigeons [53], as well as cats [54] and dogs [32] are usual
vectors of salmonella. Similarly to our results, seagull
sampled feces in another study [52] also showed high
susceptibility to antibiotics, whereas the salmonella iso-

JWARP



1124

lated from cats and dogs mentioned in the previous stud-
ies showed various profiles of antimicrobial resistance.

In our opinion, this fecal contamination could be pre-
vented with the implementation of stronger environmen-
tal safety programs and specific legislation to ensure the
water quality of these water supplies. Furthermore, a pub-
lic awareness campaign (particularly for pet owners) and
other preventive measures are also mandatory.

5. Conclusions

This study is the first report on fecal contamination asso-
ciated with antibiotic resistance in lakes and fountains in
Portugal. It is the clear evidence of fecal contamination
in these water bodies. Lakes seem to be more affected by
this kind of contamination. The well established presence
of multidrug-resistant bacteria in these waters is also no-
torious, considering that there is not a direct source of an-
tibiotics (the selective factor) in the places sampled.

Although almost E. coli isolates were commensal,
some of them also have genes that give them the poten-
tial to cause opportunist infections in mammals (includ-
ing humans) and birds, which come into contact with
these contaminated waters daily. Moreover, the virulence
genes detected also support the relation between bird
feces and the contamination of these waters.

Even though these lakes and fountains are freely avai-
lable to the population in general, their water safety and
quality can be questionable. In fact, these water spots are
not only a reservoir, but also a point for spreading fecal
contaminants, including bacteria resistant to many of the
antibiotics commonly used in human and veterinary me-
dicine.
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