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Background. The determinants of the spread of extended-spectrum β-lactamase–producing Escherichia coli
(ESBLEC) in the community remain unclear. To evaluate its dissemination in the environment, we analyzed the
ESBLEC population throughout an urban wastewater network.

Methods. Samples were collected weekly, over a 10-week period, from 11 sites throughout the wastewater network of
Besançon city (France). Total E. coli and ESBLEC loads were determined for each sample. As a control, we analyzed 51
clinical ESBLEC isolates collected at our hospital. We genotyped both environmental and clinical ESBLEC by pulsed-
field gel electrophoresis and multilocus sequence typing and identified their blaESBL genes by sequencing.

Results. The E. coli load was higher in urban wastewater than in hospital wastewater (7.5 × 105 vs 3.5 × 105 CFU/mL,
respectively). ESBLEC was recovered from almost all the environmental samples and accounted for 0.3% of total
E. coli in the untreated water upstream from the wastewater treatment plant (WWTP). The ESBLEC load was higher
in hospital wastewater than in community wastewater (27 × 103 vs 0.8 × 103 CFU/mL, respectively). Treatment by the
WWTP eliminated 98% and 94% of total E. coli and ESBLEC, respectively. The genotyping revealed considerable
diversity within both environmental and clinical ESBLEC and the overrepresentation of some clonal complexes.
Most of the sequence types displayed by the clinical isolates were also found in the environment. CTX-M enzymes
were the most common enzymes whatever the origin of the isolates.

Conclusions. The treatment at the WWTP led to the relative enrichment of ESBLEC. We estimated that >600
billion of ESBLEC are released into the river Doubs daily and the sludge produced by the WWTP, used as fertilizer,
contains 2.6 × 105 ESBLEC per gram.
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The increasing prevalence of extended-spectrum
β-lactamase (ESBL) Enterobacteriaceae worldwide is a
source of particular concern [1]. Since the beginning
of the 2000s, ESBLs of the CTX-M type have

superseded TEM and SHV derivatives, and Escherichia
coli has become the most prevalent species among
ESBL-producing Enterobacteriaceae [1]. The epidemi-
ology of ESBL-producing E. coli (ESBLEC) is complex,
as it covers spread in the community, nosocomial ac-
quisition, and the horizontal transfer of plasmids carry-
ing blaESBL genes. Human intestinal carriage of ESBLEC
is frequent, in both hospital and community settings.
For instance, 6% of healthy subjects living in the Paris
area in 2011 harbored ESBLEC in their gut [2].
These ESBLEC are thus released into the wastewater
network and subjected to treatment at wastewater
treatment plants (WWTPs). Quantitative data about
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antimicrobial drug-resistant E. coli in hospital or community ef-
fluent discharge, in effluent entering the WWTP, and in
WWTP-treated outflow are scarce [3–6]. The extent to which
the discharge of ESBLEC into the environment contributes to
the global spread of these drug-resistant E. coli remains uncer-
tain [7, 8]. Quantitative data would therefore be useful to eval-
uate this potential risk [4]. The objectives of this study were (i)
to quantify ESBLEC throughout the wastewater network of the
city of Besançon, in eastern France, (ii) to compare ESBLEC
loads between hospital and community wastewater, (iii) to
assess the effect of wastewater treatment on ESBLEC load,
and (iv) to assess the clonal diversity of ESBLEC and the diver-
sity of blaESBL throughout the wastewater network.

MATERIALS AND METHODS

Study Setting
This study was carried out in the city of Besançon, in eastern
France. The WWTP studied serves 120 000 people and had a
mean hydraulic load of 30 000 m3 per day. The effluent treated
by the plant includes effluents from 2 university hospital sites,
urban wastewater and rainwater, but contains no effluent from
livestock farming. The water is subjected to a sequence of 3 typ-
ical treatments (sedimentation, biological content degradation,

and effluent polishing) before sludge production and the dis-
charge of the treated effluent into the River Doubs. Each year,
7500 metric tons of sludge are produced and used as fertilizer.
Samples were collected from 11 sites distributed throughout the
wastewater network of the city (Figure 1). Each collecting point
was sampled weekly, over a 10-week period, between January
and April 2011.

Escherichia coli Load Determination and Antimicrobial
Susceptibility Testing
Total E. coli load was assessed by the most probable number
method (MUG/EC, Biokar Diagnostics, Beauvais, France). We
also quantified ESBLEC by the serial dilution method or by the
membrane filtration method (depending on the type of sample)
followed by culture on selective chromogenic agar plate chro-
mID ESBL (bioMérieux, Marcy l’étoile, France). We selected
at random 5 colony-forming units (CFU) per plate with a
color suggestive of E. coli (pink to burgundy), and confirmed
as E. coli by analysis with a matrix-assisted laser desorption/ion-
ization time-of-flight mass spectrometer (Microflex, Bruker
Daltonics, Bremen, Germany) [9]. The clearance rate at the
WWTP was determined as follows: [(mean bacterial load in un-
treated water – mean bacterial load in treated water)/mean bac-
terial load in untreated water] × 100. For each E. coli colony, we
checked for the presence of an ESBL by a synergy test [10].We
also assessed the activity of 9 antibiotics (Table 1) against the
ESBLEC isolates according to the 2013 recommendations of
the European Committee on Antimicrobial Susceptibility Test-
ing [11]. For each sample, we kept 1 representative of each re-
sistance phenotype for further analysis.

Escherichia coli Clinical Isolates
Within the same time period (from January to April 2011), we
collected all clinical and screening ESBLEC isolated from pa-
tients hospitalized at Besançon University Hospital (Supple-
mentary Table 2).

Genotyping
We investigated the clonality of all strains by pulsed-field gel
electrophoresis (PFGE) and multilocus sequence typing
(MLST) as previously described [12–14] Clonal complexes
(CCs) are defined as a group of sequence types (STs) sharing
at least 5 loci in analyses with START2 software [15].

ESBL Identification
The extended-spectrum β-lactamases were identified by poly-
merase chain reaction and sequencing. After screening all sam-
ples with consensus primers targeting blaCTX−M, we carried out
more specific amplifications, beginning with primers targeting
different groups of CTX-M (blaCTX−M group 1, blaCTX−M group 9,
blaCTX−M group 2). We then tested for the presence of blaSHV or
blaTEM genes [16–18].

Figure 1. Map of the study area and location of the sampling sites. The
large map indicates the precise location of the sampling sites, with the
inset map indicating the location of the area in France. We collected
wastewater from the 2 sites (A and B) of our hospital (containing only hos-
pital effluent and rainwater), and 3 urban wastewater samples indepen-
dent of hospitals (1, 2, and 3). We also collected samples within the
wastewater treatment plant (WWTP): untreated inflow (n = 1), treated out-
flow water T1 and T2 before its discharge into the river (n = 2; the daily
samples consisted of pools of aliquots taken from each 10 m3 volume of
water), and the anaerobically digested sludge ready for spreading on farm
fields (n = 1). We also collected samples of river water upstream and down-
stream from the WWTP.
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Ethical Considerations
This study was approved by the Ethics Committee of University
Hospital of Besançon, Besançon, France. All the water and
sludge samples came from public areas and facilities. All neces-
sary permits were obtained by the Water Supply and Water
Treatment Service of the City of Besançon. The location is
not privately owned or protected in any way, and the field stud-
ies did not involve endangered or protected species.

RESULTS

Total E. coli and ESBLEC Loads of the Environmental Samples
Over the study period, we processed 110 water or sludge sam-
ples. All these samples tested positive for E. coli and 96% tested
positive for ESBLEC, but with variable relative proportions, ac-
cording to time and location. We present the total E. coli and
ESBLEC loads at the sampling sites in Figure 2A (see also Sup-
plementary Table 1 for details). The mean E. coli load of urban
wastewater was higher than that of hospital wastewater (752 847
vs 353 635 CFU/mL, respectively; P = .013). The loads of E. coli
in the inflow (untreated water) immediately upstream from the
WWTP and in its outflow were stable during the study period
(160 320 and 3705 CFU/mL, respectively). ESBLEC loads were
lower in urban wastewater than in hospital wastewater (751 vs
27 447 CFU/mL, respectively; P < .001). Despite a lower amount
of ESBLEC in the treated water than in the untreated water (22
vs 481 CFU/mL, respectively), the proportion of these antibiotic-
resistant bacteria was significantly higher in the outflow than in
the inflow (0.6% vs 0.3%, respectively; P = .017; Figure 2B and

Supplementary Table 1). Hence, the WWTP clearance rates
were 98% for total E. coli and 94% for ESBLEC. We estimated
that 6 × 1011 ESBLEC were released daily into the River Doubs,
and that the sludge contained 2.6 × 105 ESBLEC per gram.

Isolate Collection and Antibiotic Resistance
We selected 243 ESBLEC isolates from environmental samples for
further testing: 45 were isolated from hospital wastewater, 60 from
urban wastewater, 101 from the WWTP, and 37 from the river
(Supplementary Table 2). In addition, we collected 51 nondupli-
cate ESBLEC isolates from patients hospitalized in our university
hospital over the same period: 45 from clinical samples (mostly
urine, n = 32) and 6 from screening samples. Table 1 details the
susceptibility of the ESBLEC to antimicrobial drugs, by isolate or-
igin. The ESBLEC isolates found in hospital wastewater were
more resistant than those from the urban wastewater, particularly
to ceftazidime (P < .001) and ofloxacin (<.001). Although
ESBLEC isolates from the WWTP outflow were more resistant
to β-lactams and fluoroquinolones than those from the WWTP
inflow, the difference did not reach statistical significance (Table 1).

Genotyping of Environmental Isolates
We genotyped 224 of the 243 environmental isolates by PFGE
(19 were nontypable). We obtained 145 different pulsotypes
(PTs), 108 of which were unique (Supplementary Table 2). As
PFGE typing is more discriminatory than MLST, we assumed
that all the isolates with an identical PT shared the same ST.
We therefore determined the MLST profiles of 1 isolate for
each of the 145 PTs and of the 19 nontypable isolates. We

Table 1. Antimicrobial Susceptibility of Extended-Spectrum β-Lactamase–Producing Escherichia coli Found in the Wastewater Network
of Besançon, France, and in Patients Hospitalized at the University Hospital of Besançon During the Same Time Period (January–April
2011)

Sampling Sites or Origin
No. of
Isolates

Susceptibility Rate, %a

Caz Ctx Tzp Fox Ipm Nal Oflo Amk Fos

Urban wastewater 59
b

46 12 97 100 100 53
b

66 100 93
Hospital wastewater 45 11 20 91 98 100 33 33 100 87

Wastewater treatment plant

Untreated inflow 26 42 8 100 96 100 69 73 100 92
Treated outflow 58 31 2 91 93 100 55 59 100 90

River

Upstream 10 80 0 100 100 100 70 70 90 100
Downstream 27 30 9 96 85 100 70 74 100 85

Sludge 17 53 18 94 94 100 71 76 100 71

Inpatients 51 24 4 88 80 100 41 39 100 94

Values for which the difference was statistically significant are shown in bold text.

Abbreviations: Amk, amikacin; Caz, ceftazidime; Ctx, cefotaxime; Fos, fosfomycin; Fox, cefoxitin; Ipm, imipenem; Nal, nalidixic acid; Oflo, ofloxacin; Tzp, piperacillin-
tazobactam.
a Susceptibility was defined according to the 2013 European Committee on Antimicrobial Susceptibility Testing recommendations [11].
b P < .001.
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identified 28 CCs, including 186 isolates in total. The 57 re-
maining isolates were from 27 singleton STs. Five major CCs
were represented by >10 isolates each. CC10, CC23, CC38,
CC361, and CC155 were represented by 37, 27, 19, 16, and 11
isolates respectively, obtained from the various points of the
wastewater network (Figure 3). Figure 3 shows the maximum
likelihood tree of the CCs and isolated STs with the distribution
in number and of their sampling locations. Seven of the 243
environmental isolates were ST131. The 74 ESBLEC isolates
from the WWTP outflow or sludge belonged to 1 of 32 CCs
or STs (CC10, n = 13; CC23, n = 11; CC38, n = 6; CC361,
n = 6; CC45, n = 3; CC155, n = 3; CC405, n = 3), and none be-
longed to the extraintestinal pathogenic E. coli (ExPEC) B2
phylogroup.

Genotyping of Clinical Isolates
The 51 clinical isolates were distributed into 44 different PTs
(Supplementary Table 2). Ten PTs were recovered from both
patients and the wastewater network. These 51 isolates clustered
into 22 CCs or STs, of which CC23 and CC10 were the most
common, with 7 and 6 isolates, respectively. CC69 and ST131
were each represented by 4 isolates. Most (17 of 22) of the
CCs or STs identified in patients were also found in environ-
mental samples (Figure 3).

Phylogenetic Analysis
We constructed the maximum likelihood tree based on the
alignment of the 3423-bp sequences, which yielded 265 infor-
mative sites (Figure 3). We then assigned each ST or CC to phy-
logenetic groups A, B1, B2, and D with the University of
Cork database [14]. The dendrogram identified these
4 major phylogroups (Figure 3). Environmental and cli-
nical isolates were scattered throughout the dendrogram.
However, the proportion of isolates belonging to the phy-
logroup B2 was significantly higher in clinical isolates (10 of
51 [19.6%]) than in environmental isolates (13 of 243 [5.3%];
P < .001).

ESBL Produced by Environmental and Clinical Isolates
Most of the environmental isolates (215 of 243 [88%]) produced
CTX-M–type ESBL (Figure 4). CTX-M-1 was the most frequent
CTX-M type enzyme (50%), followed by CTX-M-15 (25%) and
CTX-M-14 (10%) (Figure 4). All the SHV enzymes were SHV-
12. There was no obvious link between the nature of the ESBL
and the sampling site in the wastewater network. Most of the
CC23 isolates (21 of 27) produced CTX-M-1. The 7 ST131 iso-
lates produced highly diverse CTX-M–type enzymes: CTX-M-1
(n = 3), CTX-M-27 (n = 2), CTX-M-14 (n = 1), and CTX-M-15
(n = 1).

Figure 2. Loads of Escherichia coli, extended-spectrum β-lactamase (ESBL) E. coli (ESBLEC), and the proportion of ESBLEC at the various sampling points
of the wastewater network of Besançon, France. A, Loads of total E. coli (white bars) and ESBLEC (black bars). For each sample, ESBLEC quantification was
carried out by dividing the number of confirmed ESBLEC by the number of tested colonies resembling E. coli on the chromID ESBL plate, and multiplying by
the E. coli load on the chromID ESBL plate. The bacterial load in the sludge is expressed in colony-forming units (CFU) per gram. Mean ± SEM, n = 10.
B, Proportion of ESBLEC among total E. coli. Mean, n = 10. The data were compared in either nonparametric Kruskal-Wallis test or Wilcoxon signed-rank
test, as appropriate. All tests were 2-tailed, and P values <.05 were considered statistically significant.
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The distribution of the ESBLs produced by the clinical iso-
lates was very similar to that of the ESBLs produced by environ-
mental isolates (Figure 4). All the clinical ST131 isolates (n = 4)
produced CTX-M-15 (Supplementary Table 2).

DISCUSSION

Municipal wastewater is a complex mixture of everything that is
flushed down a toilet or that is sent down a drain. Besançon’s
wastewater also includes industrial waste (albeit in limited
amounts) and stormwater, but contains no effluent from live-
stock or agriculture. The results of this study were not affected

by rain, because there was very little rainfall during the study
period (data not shown). To the best of our knowledge, this is
the first study to quantify and characterize ESBLEC throughout
an urban wastewater network over a long time period. Total E.
coli load was higher in the urban wastewater than in hospital
wastewater (Figure 3A). This is probably due to the higher dilu-
tion of wastewater in hospitals, in which water consumption
reaches 700 L per bed and per day. The large concentration of
ESBLEC present in the wastewater network results from
ESBLEC carriage in the human gut. ESBLEC accounted for
0.1% of all E. coli in urban effluent and a much higher propor-
tion (7.6%) in hospital effluent (Figure 2B). This difference cer-
tainly reflects the high proportion of inpatients infected with

Figure 3. Dendrogram based on sequence types (STs) and clonal complexes (CCs) of Escherichia coli identified in the various sampling points of the urban
wastewater network and in patients hospitalized in the University Hospital of Besançon, France. Each diagram corresponds to 1 ST or CC; the size of each
diagram is a function of the number of isolates; the various wastewater sampling points are shown in different colors. To build a dendrogram of all the STs
retrieved in this study, we concatenated the sequences of the adk, fumC, gyrB, icd, mdh, purA, and recA genes to form a 3423-bp sequence alignment. The
best-fit nucleotide substitution model for this data was GTR + G + I, as determined with jModelTest 0.1.1 [19]. A maximum likelihood tree was constructed
with RAxML 7.2.8 [20] and visualized with Dendroscope [21]. We used Shigella dysenteriae Sd197 as the outgroup strain. In all cases, bootstrapping per-
centages of >90% were obtained for most branches, with 1000 bootstrap repetitions. The bootstrap values are intentionally hidden for clarity. Based on the
E. coli multilocus sequence typing database of the University of Cork [14], classic phylogenetic groups (phylogroup A in blue, B1 in pink, B2 in green, and D
in gray) are identified on the dendrogram.
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ESBLEC, together with the higher loads of these multidrug-
resistant bacteria in hospitalized patients than in carriers
within the community [22]. In addition, hospital effluents
contain massive quantities of antibiotics and antiseptic
residues that might favor the development of antibiotic-
resistant clones [23].

The WWTP clearance rate of E. coli in this study (98%) is
similar to that previously reported in France [24]. Water treat-
ment greatly decreased ESBLEC load (from 3705 CFU/mL in
the inflow to 22 CFU/mL in the outflow), but the proportion
of ESBLEC among the E. coli present increased significantly
with treatment (0.3% in the inflow vs 0.6% in the outflow) (Fig-
ure 2B). We then assume that ESBLEC has no significant disad-
vantage with respect to non-ESBL–producing E. coli in the
treatment plant. Such ESBL-producing isolate enrichment has
also been shown in Ireland [4]. Czekalski et al also showed,
with a culture-independent approach, that sul resistance gene
clearance was poor during treatment at the WWTP [25]. This
is presumably due to the presence in the wastewater of anti-
biotics used in human medicine. These compounds exert a se-
lective pressure, favoring antimicrobial resistant bacteria, even
when present at very low concentrations [26–28]. In our town,
as elsewhere in France, β-lactams are the most widely used
group of antibiotics, followed by fluoroquinolones [29]. How-
ever, β-lactams are rarely detected in WWTPs, presumably be-
cause the β-lactam ring is readily cleaved by hydrolysis [30]. By
contrast, high concentrations of fluoroquinolones are found in
WWTPs and downstream from the WWTP, in the river [30,
31]. In our treatment plant, as elsewhere, the ESBLEC from
the outflow was more resistant to fluoroquinolones than the
ESBLEC from the inflow (Table 1) [32]. This supports the hy-
pothesis that fluoroquinolones exert selection pressure within
the WWTP, although other antimicrobials may also play a role.

In total, we estimate that 6 × 1011 ESBLECare released daily into
the River Doubs and that the sludge, which is used as fertilizer,
contains 2.6 × 105 ESBLEC per gram. The extent to which this
discharge of ESBLEC into the environment contributes to the
global epidemiology of this pathogen and, more particularly,
to the acquisition of ESBLEC by individuals, is unclear. How-
ever, the improvement of elimination of antimicrobial drug–
resistant microorganisms within WWTPs would appear to be
a reasonable policy. There should be conceptual differences in
the design of municipal WWTPs, which are designed to protect
surface water against accidental exposure to pathogenic micro-
organisms, and analogous facilities designed to control the
spread of antimicrobial drug–resistant bacteria. Disinfection
technologies could be used but are complex. Chlorine produces
carcinogenic by-products and alternative disinfection technolo-
gies, such as ultraviolet treatment, are substantially more costly
and not necessarily more efficient [27, 33]. Other technologies,
such as sand filtration, membrane filtration, constructed wet-
lands, ozonization of the WWTP outflow, or thermophilic
anaerobic digestion for sludge, should also be explored. There
is a need to assess the ability of these processes to control the
load of antimicrobial drug resistance in wastewater, which
should be seen as an “environmental pollutant” [34].

Genotyping revealed a high degree of genetic diversity, with
no specific link between CC and a sampling site. We found only
2 exceptions among CCs represented by >2 isolates in this
study. ST1675 was recovered only from the wastewater of 1 hos-
pital site (9 of the 10 samples taken from this site contained
ST1675), potentially accounting for the very high prevalence
of ESBLEC at this site. Finally, ST648 isolates were recovered
only from patients (Figure 3). The principal CCs recovered in
our study (CC10, CC23, CC38, CC361, CC155) have been de-
scribed in previous studies as predominant lineages in total
populations of ESBLEC from humans, livestock or companion
animals, and even wildlife [35].

In the virulent ExPEC B2 lineage, the association with ESBL
genes proved a great success in the pandemic ST131 clone [36].
ST131, which is primarily associated with CTX-M-15, has di-
versified its ESBL repertoire [35]. Other ExPEC B2 lineages,
such as CC95, CC73, ST127, and ST141, harbor only marginally
ESBL-encoding genes. The reason for which these well-
established and clinically successful lineages are less prone to
the acquisition of ESBL than the related ST131 lineage remains
to be determined. We found ExPEC B2 lineages (ST131, CC95,
ST127, and ST141) in hospitalized patients, but none were re-
leased in the WWTP-treated outflow. This confirms the decrease
in the prevalence of virulent E. coli during wastewater treatment
processes reported by Frigon et al [37]. However, ST131 has re-
cently been detected in the Thames (London, United Kingdom)
and Llobregat (Barcelona, Spain) rivers, and in WWTP outflow
in Brno (Czech Republic) [6, 38, 39]. The underrepresentation of

Figure 4. Comparison of the distribution (%) of extended-spectrum
β-lactamases (ESBLs) between environmental and clinical isolates.
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ST131 in the environment contrasts with its high prevalence in
humans and merits further exploration.

The distribution of the ESBLs in clinical and wastewater isolates
was similar (Figure 4). CTX-M-1 was the most frequent ESBL in
our series, consistent with the findings of a Dutch study that re-
ported CTX-M-1 to be the most prevalent ESBL common to
human patients, healthy carriers, poultry, and retail chicken
meat [40]. However, ESBLs appear to be unevenly distributed in
Europe, because a previous survey reported CTX-M-15 and CTX-
M-14 to be the most prevalent ESBLs among clinical ESBLEC [1].

Our sampling method (1 sampling session per week) provided
only a snapshot of a highly complex and dynamic process. We
cannot, therefore, claim that our results are representative of
the ESBLEC load throughout the period. For instance, only
78% of the ESBLEC STs recovered from inpatients were retrieved
in the wastewater network. However, the stability of the E. coli
and ESBLEC loads over the 10-week period studied suggests
that our data are reliable. Moreover, theWWTP outflow sampling,
which involved collecting pools of aliquots from each 10 m3

volume of water, provided representative values for the number
and diversity of ESBLEC discharge into the environment.

In conclusion, we show here that our wastewater network is
highly contaminated with ESBLEC, with higher ESBLEC loads
in hospital effluent than in urban effluent. The production of an
ESBL seems to confer a significant advantage on E. coli in the
WWTP. The ESBLEC displayed a high degree of clonal diver-
sity, but some lineages previously described in humans or ani-
mals were overrepresented. Our results suggest that there is a
need for improvements in the monitoring of antibiotic-resistant
microorganisms of human origin in effluent.
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