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SUMMARY

In 2008, a previously unknown Escherichia coli clonal group, se-
quence type 131 (ST131), was identified on three continents. To-
day, ST131 is the predominant E. coli lineage among extraintesti-
nal pathogenic E. coli (ExPEC) isolates worldwide. Retrospective
studies have suggested that it may originally have risen to promi-
nence as early as 2003. Unlike other classical group B2 ExPEC
isolates, ST131 isolates are commonly reported to produce ex-
tended-spectrum �-lactamases, such as CTX-M-15, and almost
all are resistant to fluoroquinolones. Moreover, ST131 E. coli iso-

lates are considered to be truly pathogenic, due to the spectrum of
infections they cause in both community and hospital settings and
the large number of virulence-associated genes they contain.
ST131 isolates therefore seem to contradict the widely held view
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that high levels of antimicrobial resistance are necessarily associ-
ated with a fitness cost leading to a decrease in pathogenesis. Six
years after the first description of E. coli ST131, this review outlines
the principal traits of ST131 clonal group isolates, based on the
growing body of published data, and highlights what is currently
known and what we need to find out to provide public health
authorities with better information to help combat ST131.

INTRODUCTION

Escherichia coli is a common, diverse microorganism that lives
as a commensal organism of the gastrointestinal tracts of hu-

mans and many animals. This relationship between the bacterium
and its host is symbiotic, providing both with a number of advan-
tages. However, E. coli has developed into a pathogen well adapted
to its host through the loss and gain of genes. Some pathogenic E.
coli strains cause diarrheal illness (intraintestinal pathogenic E.
coli), whereas others cause extraintestinal infections (extraintesti-
nal pathogenic E. coli [ExPEC]) (1). E. coli is the leading cause of
urinary tract infections (UTI), whether nosocomial or acquired in
the community. It also frequently causes soft tissue (e.g., perito-
nitis) and central nervous system (e.g., neonatal meningitis) in-
fections. The worldwide burden of these extraintestinal infections
is staggering, with hundreds of millions of people affected annu-
ally and considerable morbidity and mortality in cases of compli-
cation with bacteremia or sepsis syndrome (2).

Moreover, E. coli pathogens, particularly those causing ex-
traintestinal infections, have developed resistance to every class of
antibiotics introduced to treat human and animal infections. The
prevalence of resistance to first-line oral antibiotics, such as trim-
ethoprim-sulfamethoxazole, amoxicillin and amoxicillin plus cla-
vulanic acid, which are widely used to treat community-acquired
E. coli infections, has increased steadily over time (3). The release
onto the market of fluoroquinolones (FQ) and extended-spec-
trum cephalosporins (ESC) in the 1980s increased expectations of
treatment efficacy, but these hopes have been dashed. Indeed, re-
sistance to fluoroquinolones and ESC due to the production of
extended-spectrum �-lactamases (ESBL) by E. coli isolates has
increased steadily over the last 20 years. There is also evidence to
suggest that this increase in resistance is linked to the worldwide
spread, since 2008, of a specific clone of E. coli, E. coli sequence
type 131 (ST131) (4–10).

In this context of a clear global spread of E. coli ST131, many
investigations have been carried out, some of which have focused
on the intrinsic bacterial traits of E. coli ST131, with others trying
to determine possible epidemiological reasons for the success of
this clone.

It is now 6 years since the first description of E. coli ST131. This
timely review has been structured and illustrated so as to provide
readers with a practical overview, a documented summary of the
most important microbiological and epidemiological data pub-
lished to date, and an indication of what remains to be discovered.

BIOLOGICAL AND PATHOGENIC CHARACTERISTICS OF
E. COLI ST131

Following on from the initial detection of E. coli O25:H4, ST131
on three continents, this global clone of phylogenetic group B2
was shown, by pulsed-field gel electrophoresis (PFGE) and mul-
tiple virulence factor (VF) gene profile analyses, to consist of mul-
tiple subclones. The survival of this clone was also improved by its

acquisition of various genes encoding resistance to antibiotics,
including several borne on plasmids (8, 9). Many studies since
2008 have focused on these traits, in an attempt to determine the
precise nature of E. coli ST131.

Bacterial Characteristics

Phylogenetic group and serotypes. E. coli ST131 belongs to phy-
logenetic group B2, which includes both strains responsible for
extraintestinal infections (11) and the strains most frequently iso-
lated from the feces of asymptomatic humans (12, 13). The phy-
logeny of E. coli reported by Le Gall et al. grouped all B2 strains
together, with group B2 as the basal group and a more recent
divergence of groups A and B1 (14). Le Gall et al. identified nine
subgroups within group B2. Clermont et al. placed E. coli ST131 in
subgroup I, which was suggested to be the basal subgroup of B2
strains (15), suggesting that the characteristics of non-ST131 B2
strains may have evolved after the divergence of ST131 and related
genotypes (ST1680, ST1982, and ST1461), (16, 17). E. coli ST131
strains are mostly of serotype O25:H4, with a specific O25 type,
O25b. However, ST131 E. coli isolates of serotype O16:H5 have
recently been identified in Japan, Denmark, Australia, Spain, Pak-
istan, and France (18–24). Moreover, some E. coli ST131 isolates
have been shown to be nontypeable for O or H antigens (18, 25).
Systematic serotyping is therefore necessary for E. coli ST131 iso-
lates.

VF-encoding genes and virotypes. Group B2 strains are known
to harbor many more virulence factor (VF)-encoding genes than
the other E. coli groups (26). Several studies have therefore inves-
tigated the VF gene composition of E. coli ST131 isolates. Key
initial findings included an absence of adhesin-encoding P fimbria
pap genes and classical group B2 cytotoxic necrotizing factor
(cnf1) genes in intercontinental E. coli ST131 isolates (8). In con-
trast, the following VF genes have been found to be uniformly or
frequently present in E. coli ST131 isolates: sat (secreted autotrans-
porter toxin), fimH (type 1 fimbriae), fyuA (yersiniabactin recep-
tor), kpsM II (group 2 capsule synthesis), usp (uropathogen-spe-
cific protein), malX (pathogenicity island marker), iha (adhesin
siderophore receptor), ompT (outer membrane receptor) iucD
(aerobactin), iutA (aerobactin receptor), and tratT (serum resis-
tance associated) (8, 10, 27–32). All of the ST131 E. coli isolates
investigated in these studies may be considered to be extraintesti-
nal pathogenic E. coli (ExPEC), due to the presence of two (kpsM
II and iutA) of the five molecular factors used to define ExPEC
status (33). However, the number of VF-encoding gene profiles
identified is increasing with the number of studies carried out to
identify VF-encoding genes in E. coli ST131 isolates. These studies
identified several VF-encoding genes characterizing distinct VF
profiles in E. coli ST131 isolates, most of which can be grouped
into specific PFGE clusters (18). Blanco et al. (32) referred to these
VF profiles as “virotypes” and identified a number of VF-encoding
genes identifying them (Table 1). Some of these genes are VF genes
classically identified in non-ST131 group B2 ExPEC: afa/draBC
(encoding Afa/Dr adhesins), papG (P fimbrial adhesins), and
toxin genes, such as cnf1 and hlyA (alpha hemolysin). The ibeA
(invasion of brain endothelium) gene, which can be used to iden-
tify virotype D and its subvirotypes, was previously reported in
recently emerging avian O25b:H4 ST131 isolates (35). With the
exception of afa/draBC, none of these virotype-distinguishing VF
genes were found in the first strains described as ST131, even
though they originated from different countries (8). This may
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reflect the large proportion of isolates from the recently recog-
nized virotype C, which seems to be the most prevalent E. coli
ST131 virotype (32), in this first collection of E. coli ST131 isolates.

MLST and PFGE typing. E. coli ST131 isolates have been shown
to have uniform housekeeping gene sequences across the seven
multilocus sequence typing (MLST) loci (adk, fumC, gyrB, icd,
mdh, purA, and recA) defined by Achtman (http://mlst.warwick
.ac.uk/mlst/dbs/Ecoli), but some diversity has been found within
the E. coli ST131 lineage in analyses of the eight MLST loci (dinB,
icdA, pabB, polB, putB, trpA, trpB, and uidA) defined by the Pas-
teur Institute (http://www.pasteur.fr/recherche/genopole/PF8
/mlst/EColi.html). Matsumura et al. reported three different
“Pasteur” sequence types (PST) among O25b ST131 isolates
(PST43, PST527, and PST568) and three among O16 ST131 iso-
lates (PST506, PST566, and PST567) (19). Mora Gutierrez et al.
found seven different PSTs in 23 E. coli ST131 isolates: PST43
corresponded to O25b isolates of virotypes A, B, and C; PST9,
PST43, and PST527 corresponded to O25b isolates of virotype D;
PST621 corresponded to O25b isolates of virotype E; and PST506,
PST567, and PST625 corresponded to O16 isolates (34). However,
PFGE profiles displayed much higher levels of within-lineage ge-
netic variation. This variation was noted during the initial descrip-
tion of clone ST131, together with the presence of ST131 isolates
with similar PFGE profiles at distant locations and the presence of
isolates with different profiles at the same site (8). Johnson et al.
carried out PFGE profiling on a collection of 579 E. coli ST131
isolates obtained between 1967 and 2009 from diverse sources
(humans, animals, and environmental samples) from different
countries (36). This study identified 170 distinct pulsotypes ac-
counting for between one (105 pulsotypes) and 136 (1 pulsotype,
called “968”) isolates. There were 65 pulsotypes containing mul-
tiple isolates (multiple-isolate pulsotypes), 12 of which contained
at least six isolates, leading to their recognition as high-prevalence
pulsotypes. Temporal occurrence profiles differed significantly
between pulsotypes. Both multiple-isolate pulsotypes and high-
prevalence pulsotypes were found to be associated with more re-
cent isolation. The 12 high-prevalence pulsotypes included three
(968, 800, and 812) appearing sequentially in 1990 to 1999, 2000
to 2002, and 2005, respectively, identified as the top three most
prevalent species overall and within each interval considered,
from 1990 onwards. The prevalence of pulsotype 968 remained
high after its initial emergence, whereas peaks in prevalence fol-
lowed by a steep decline were observed for pulsotypes 800 and 812.
Thus, although ST131 is highly diverse at the pulsotype level, this
clonal lineage is dominated by a small number of highly prevalent

pulsotypes. Spatial analysis showed that the broad geographic dis-
tribution of pulsotypes prevailed over local specific segregation
patterns, indicating a pattern of widespread dispersal (pandemic-
ity) rather than localized endemicity.

fimH subtyping. All E. coli ST131 isolates harbor the fimH gene,
like most other isolates of E. coli (37), which displays a remarkably
high level of allelic diversity (38–40). The fimH typing region (fim-
HTR) carries a highly diverse set of alleles that may be considered to
be phylogenetically restricted (41). This typing method was ap-
plied to clone ST131 isolates (25, 42–46). Adams-Sapper et al.
typed 246 E. coli bacteremia isolates by MLST and fimH subtyping
methods and showed that the three most frequent fimH types
accounted for 96% of E. coli ST131 isolates (42). Johnson et al.
explored the subclonal structure of 352 historical and recent
ST131 isolates (1967 to 2011). They identified seven fimH types,
with fimH30 the most frequent (n � 236; 67%), followed by
fimH22 (n � 73; 21%), with fimH35 and fimH41 in joint third
place (19 isolates each; 5%) (43). The diversity of fimH alleles in
clone ST131 isolates sheds light on the molecular mechanisms
underlying clonal diversification.

Screening methods for detecting the E. coli ST131 clone and
subclones. The proposed screening methods are based on the mo-
lecular diversity observed within E. coli and within E. coli
ST131isolates. Once an E. coli isolate has been assigned to group
B2 by the multiplex PCR methods developed by Clermont et al.
(47, 48), other single-nucleotide polymorphism (SNP)-based
methods can be used to determine whether the isolate concerned
belongs to the ST131 lineage. Specific-allele PCR of the 5= portion
of the rfb locus can detect the most common O serogroups, in-
cluding the allele specific for O25b (49). Other methods make use
of so-called “ST131-specific” alleles of genes used in the MLST
methods designed by Achtman and the Pasteur Institute. For ex-
ample, Clermont et al. described a specific-allele ST131 PCR based
on SNPs of the pabB gene included in the Pasteur Institute MLST
method (15). Johnson et al. suggested a method for E. coli ST131
screening based on ST131-associated SNPs (sequencing method)
of the mdh and gyrB genes included in Achtman’s MLST method
(50). Weismann et al. proposed the use of an ST131-associated
SNP of the fumC gene (Achtman’s MLST method) for detecting
clone ST131 and the use of fimH sequencing for the detection of
subclones of ST131 E. coli isolates (41). This method, known as
CH clonotyping, was successfully used for the direct testing of
urine samples (44). Blanco et al. proposed two triplex PCRs. The
first was based on the detection of O25b (O25b rfb allele) E. coli
producing CTX-M-15 (encoded by the 3= end of the blaCTX-M-15

TABLE 1 Virulence factor-encoding gene scheme for discriminating virotypes among Escherichia coli ST131a

Virotype

Virulence factor-encoding gene statusb

afa/draBC afa operon iroN sat ibeA papGII cnf1 hlyA papGIII cdtB neuC-K1

A � � � �/�c � � � � � � �
B � � � �/�c � � � � � � �
C � � � � � � � � � � �
D �/� �/� �/� �/� � � �/� �/� �/� �/� �/�
E � � � � � � � � � � �
a From references 32 and 34.
b �, positive PCR result; �, negative PCR result. afa/draBC, Afa/Dr adhesins; afa operon, FM955459; iroN, catecholate siderophore receptor; sat, secreted autotransporter toxin;
ibeA, invasion of brain endothelium; papGII, allele II of papG gene; cnf1, cytotoxic necrotizing factor type 1; hlyA, alpha-hemolysin; papGIII, allele III of papG gene; cdtB, cytolethal
distending toxin; neuC-K1, K1 variant of group II capsule.
c Most isolates of virotypes A and B are sat positive.
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gene) and harboring the afa/draBC gene, a VF gene specific to
virotype A (32). The second was based on the detection of VF
genes specific for virotypes B, C, and D (iroN, sat, and ibeA, re-
spectively) (32). The CH clonotyping method appears to be the
most relevant of the methods described, as it can detect E. coli
ST131 and distinguish between the two serogroups of this lineage
identified to date: O25b (fimH30) and O16 (fimH41).

In conclusion, various bacteriological analyses have revealed
the existence of diversity within the E. coli ST131 lineage and have
shown that subclones are characterized by combinations of bac-
terial traits.

Antibiotic Resistance

Phenotypic antibiotic resistance in clinical isolates of E. coli
ST131. Two traits were identified as common to all the intercon-
tinental E. coli ST131 isolates initially described: resistance to ESC,
due to the production of ESBL CTX-M-15, and resistance to fluo-
roquinolones (8, 9). Subsequent studies aiming to detect E. coli
ST131 isolates in other countries frequently identified these asso-
ciated traits. However, some studies also showed a particularly
high prevalence of clone ST131 among non-ESBL-producing,

fluoroquinolone-resistant E. coli isolates (50, 51). This suggests
that CTX-M enzymes may have been acquired by E. coli ST131
isolates that were already resistant to fluoroquinolones. One study
carried out in remote northern Saskatchewan communities (Can-
ada) showed that clone ST131 was the second most prevalent
clone, after ST95, which was the most prevalent clone among the
ESC- and fluoroquinolone-susceptible urine isolates studied (52).
Such antibiotic-susceptible E. coli ST131 isolates have also been
identified in the dominant fecal E. coli populations of healthy sub-
jects living in the Paris area (53). It is, therefore, clear that antibi-
otic-susceptible E. coli ST131 isolates exist.

A very small number of studies (16, 54) have provided infor-
mation about resistance to various antibiotic families in E. coli
ST131 isolates, comparing the results obtained with those for non-
ST131 E. coli isolates producing or not producing ESBL (Tables 2
and 3). For ESBL-producing isolates, these studies showed that E.
coli ST131 isolates were consistently more frequently resistant to
amikacin than non-ST131 isolates and potentially more fre-
quently resistant to amoxicillin-clavulanic acid, piperacillin-tazo-
bactam, or ciprofloxacin; they were also more frequently suscep-

TABLE 2 Antimicrobial resistance among ESBL-producing ST131 and non-ST131 Escherichia coli isolates

Antibiotic

Study 1, France (16) Study 2, Spain (54)b

% Resistant isolates

P valuea

% Resistant isolates

P value
ST131
(n � 55)

Non-ST131
(n � 97)

ST131
(n � 34)

Non-ST131
(n � 112)

Amoxicillin � clavulanic acid 93 89 80 60 0.04
Piperacillin � tazobactam 67 44 0.015 9 6
Cefotaxime/ceftriaxone 100 100 100 99
Ceftazidime 100 100 97 97
Nalidixic acid 96 68 �10�4 ND ND
Ciprofloxacin 94 57 �10�4 91 86
Gentamicin 31 38 3 26 0.002
Amikacin 34 15 0.01 20 5 0.006
Co-trimoxazole 43 77 �10�4 74 56
Fosfomycin 0 0 0 0
a Only significant P values are shown.
b ND, no data.

TABLE 3 Antimicrobial resistance among non-ESBL-producing ST131 and non-ST131 Escherichia coli isolates from any sample

Antibiotic

Study 1, France (16) Study 2, Spain (54)b

% Resistant isolates

P valuea

% Resistant isolates

P value
ST131
(n � 15)

Non-ST131
(n � 137)

ST131
(n � 110)

Non-ST131
(n � 288)

Amoxicillin/ampicillin 80 47 0.03 79 59 �0.001
Amoxicillin � clavulanic acid 33 22 32 24
Piperacillin � tazobactam 10 10 6 6
Cefotaxime/ceftriaxone 0 2 0 5 0.01
Ceftazidime 0 2 0 6 0.005
Nalidixic acid 73 24 �10�4 ND ND
Ciprofloxacin 67 13 �10�4 70 44 �0.001
Gentamicin 20 4 0.03 14 10
Amikacin 0 1 3 1
Co-trimoxazole 29 34 29 28
Fosfomycin 14 1 0 1
a Only significant P values are shown.
b ND, no data.
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tible to gentamicin or co-trimoxazole than non-ST131 isolates,
depending on the country considered (Table 2). For isolates that
did not produce ESBL (Table 3), E. coli ST131 isolates were sys-
tematically found to be more frequently resistant to quinolones/
fluoroquinolones and to ampicillin/amoxicillin than non-ST131

isolates. Resistance to ampicillin/amoxicillin in E. coli isolates is
widely known to be mediated principally by the production of
plasmid-encoded TEM-1/-2, SHV-1, or OXA-1 enzyme. The
blaTEM-1 and blaOXA-1 genes were commonly found associated
with the blaCTX-M gene on plasmids of the IncF type (Table 4). This

TABLE 4 Characteristics of plasmids encoding antibiotic resistance in Escherichia coli ST131

Country(ies)
Strain or
plasmid Plasmid familya

Conjugative
transferb Size (kb) Replicon(s) bla gene(s) Reference

France, Portugal, India IncF � 85 FII CTX-M-15 9
India, Kuwait, Canada,

Portugal
IncF � 120 FII-FIA CTX-M-15

France IncF � 150 FII-FIA-FIB CTX-M-15
Kuwait IncF � 100 FII CTX-M-15
Switzerland IncF � 160 FII-FIA CTX-M-15

UK pEK499 IncF � 117.5 FII-FIA CTX-M-15, OXA-1, TEM-1 55
pEK516 IncF � 64 FII CTX-M-15, OXA-1, TEM-1
pEK204 IncI1 � 95 N CTX-M-3, TEM-1

Norway K5–56 IncF � 150 FII-FIA CTX-M-15 56
K4–55 IncN NA 50 N CTX-M-1
K2–70 IncF NA �200 FII-FIA CTX-M-15
K5–09 IncF � 200 FII-FIA CTX-M-15
K2–63 IncF NA 150 FII-FIA-FIB CTX-M-15
K45–37 IncI1, IncF NA 80c I1, FII-FIB CMY-2 57
K46–65 IncI1, IncF NA 140c I1, FII-FIA-FIB CMY-2

Belgium 920415 IncF NA NA FII-FIA CTX-M-15, OXA-1, TEM-1 58
211114 IncF NA NA FII-FIA CTX-M-15, TEM-1
520811 IncF NA NA FI CTX-M-15, OXA-1, TEM-1

Germany 404-405 IncF � NA FII CTX-M-15 59
406-409-394 IncN � NA N CTX-M-1, TEM-1
396 IncN � NA N CTX-M-65, TEM-1
385 IncI1 � NA I1 CTX-M-15

China WCE035 IncF � NA FII CTX-M-14 60
WCE307 IncN � NA N CTX-M-65

South Korea WKE0506 IncF � 140 FIB CTX-M-14 61
HYE0515 IncF � 120 FII-FIA CTX-M-14, TEM-1, SHV-2,

CTX-M-15

Spain IncF � 70–85 FII CTX-M-15, OXA-1, TEM-1 62
IncF, IncN � 85, 45 FII, N CTX-M-15, OXA-1, TEM-1
IncF � 90 FII-FIA CTX-M-15, OXA-1
IncF, IncNd �, � 70–85, 30–35 FII, N CTX-M-15, OXA-1, TEM-1
IncF � 80 FII CTX-M-15, OXA-1, TEM-1
IncF, IncA/C �, � 80, 140 FII, A/C CTX-M-15, OXA-1, TEM-1
IncF, IncN �, � 75, 30 FII, N CTX-M-15, OXA-1, TEM-1,

SHV-12
IncF, IncA/Cd �/� 80, 150 FII, A/C CTX-M-15, OXA-1, TEM-1

Australia pJIE143 pir-type plasmid � 35 CTX-M-15 63
India pGUE-NDM IncF � 87 FII NDM-1, OXA-1 64

France C3, C13 IncF � 145 FII-FIA CTX-M-15 24
C5, C20 IncF � 145 FII-FIA-F1B CTX-M-27
C10 IncI1 � 110 I1 CTX-M-1

a �-Lactamase-encoding plasmids are in bold.
b �, positive; �, negative; NA, not available.
c Size of IncI1 plasmid.
d A second copy of the blaCTX-M-15 gene was identified in this plasmid.
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suggests that IncF plasmids encoding TEM-1 and/or OXA-1 may
have gone on to acquire the genes encoding the CTX-M enzymes.
The E. coli ST131 isolates resistant to fluoroquinolones and pro-
ducing IncF-mediated TEM-1 and/or OXA-1 may be the ances-
tors of the current CTX-M-producing E. coli ST131 isolates found
worldwide.

Characterization of plasmids harbored by clinical isolates of
E. coli ST131. Various plasmids, differing in incompatibility
groups (Inc), conjugative transfer, size, replicon types, and bla
genes, have been characterized in E. coli ST131 strains of different
origins. These plasmids include IncF plasmids, which have a host
range limited to Enterobacteriaceae and are known to contribute to
bacterial fitness through their virulence and antimicrobial resis-
tance determinants (65, 66). IncF plasmids were the most com-
mon. Three IncF plasmids harbored by three epidemic E. coli
ST131 strains (strains A, C, and D) from the United Kingdom
were completely sequenced (55, 67).

Plasmid pEK499, from a United Kingdom representative of
strain A, presented a fusion of two replicons of types FII and FIA
(Table 4). It harbored 185 predicted genes, including 10 confer-
ring resistance to eight different classes of antibiotics. All the an-
tibiotic resistance genes, other than blaTEM-1, were clustered in a
25-kb region. This region included blaCTX-M-15 and blaOXA-1, to-
gether with genes conferring resistance to both aminoglycosides
(amikacin and tobramycin) and ciprofloxacin [aac(6=)-Ib-cr],
macrolides [mph(A)], chloramphenicol (catB4), and tetracycline
(tetA). A 1.8-kb class I integron was present within this multire-
sistance region and carried dfrA7 and aadA5, conferring resistance
to trimethoprim and streptomycin, respectively, and sulI, confer-
ring sulfonamide resistance. Plasmid pEK499 was found to en-
code four systems for postsegregation killing and stable plasmid
inheritance: (i) the postsegregation killing protein Hok and its
modulator Mok, (ii) the pemI-pemK toxin-antitoxin system, (iii)
two copies of the vagC-vagD virulence-associated genes, and (iv)
one copy of the ccdA-ccdB toxin-antitoxin system. All these sys-
tems would ensure the persistence of pEK499 in the absence of
antibiotic selection pressure. However, pEK499 has an incomplete
transfer region, containing the traC but not the traX gene. It there-
fore has no functional conjugation machinery.

Plasmid pEK516, from a strain D isolate obtained in the United
Kingdom, belongs to incompatibility group IncFII (Table 4) and
harbors 103 predicted genes, seven of which are clustered in a
22-kb region and confer antibiotic resistance: blaCTX-M-15,
blaOXA-1 blaTEM-1, aac(6=)-Ib-cr, aac (3)-II (conferring resistance
to gentamicin), catB4, and tetA. There is an ISEcp1 element 48 bp
upstream from blaCTX-M-15 in pEK516, whereas pEK499 contains a
24-bp remnant of ISEcp1 flanked by IS26. The pEK516 and
pEK499 plasmids display 75% DNA sequence identity, albeit with
considerable rearrangement, despite pEK516 being 53 kb (45%)
smaller than pEK499. The pEK516 plasmid carries the two addic-
tion systems, pemI-pemK and hok-mok, and, unlike pEK499, it
also carries the type I partitioning locus parM and the stbB gene,
responsible for ensuring stable plasmid inheritance. It lacks the
macrolide resistance [mph(A)] gene and the class 1 integron,
which carries genes conferring resistance to trimethoprim, strep-
tomycin, and sulfonamides, both of which are present in pEK499.
On the basis of these features, pEK516 may be considered similar
to pC15-1A, which is harbored by a widespread Canadian strain of
E. coli that produces CTX-M-15 and probably also belongs to
ST131 (68). The deletion of the transfer region is more extensive

in pEK516 than in pEK499. However, pEK516 was transferred by
conjugation in the in vitro experiments performed by Karisik et al.
(69). It therefore appears plausible that the tra deletion occurred
during subsequent storage and before plasmid sequencing.

Plasmid pEK204 from a Belfast representative of strain C be-
longs to incompatibility group IncI1 (Table 4), harbors 112 pre-
dicted genes, and can be transferred between strains by in vitro
conjugation. Its structure is very similar to that of the IncI1 plas-
mid pCOLIb-P9. Unlike the multiple-resistance plasmids pEK499
and pEK516, pEK204 carries only two resistance genes, blaCTX-M-3

and blaTEM-1. An ISEcp1 element was identified 128 bp upstream
from the blaCTX-M-3 gene. This element is flanked by 5-bp direct
repeats of TATTG, consistent with ISEscp1-mediated transposi-
tion (70). None of the known systems for ensuring stable plasmid
inheritance and postsegregation killing has been identified in
pEK204.

This thorough analysis of plasmids in E. coli ST131 made it
possible to use amplification of replicon system typing (65), vari-
ous resistance and virulence determinants, and the regions sur-
rounding the blaCTX-M gene to characterize in more detail the
plasmids harbored by E. coli ST131 isolates from different coun-
tries: Belgium (58), China (60, 71), the Czech Republic (72), Ger-
many (59), India (64, 73), Japan (74), South Korea (61), Pakistan
(23), Spain (62), Switzerland (75), Tunisia (76), and the United
Kingdom (77). This procedure was also used by Dhanji et al. (78)
to characterize the plasmids harbored by the fecal CTX-M-15-
producing E. coli ST131 isolates detected in stool samples from
travelers returning to the United Kingdom from abroad. They
showed that 62% of isolates harbored the blaCTX-M-15 genetic en-
vironment found in pEK516 and 4.6% harbored the genetic envi-
ronment found in pEK499, whereas 33% harbored five
blaCTX-M-15 genetic environments that had not previously been
seen in the United Kingdom. Some of these isolates were obtained
from individuals returning to the United Kingdom from Afghan-
istan, whereas those with an environment similar to that harbored
by pEK499 were all obtained from individuals returning from
India.

These findings indicate that plasmids of the IncF family, which
has a complex structure, have clearly played a major role in the
dissemination of the blaCTX-M-15 gene expressed by E. coli ST131
strains. However, E. coli ST131 strains can harbor IncF plasmids
encoding ESBL other than CTX-M-15 (Table 4), such as CTX-M-
14, SHV-2, and SHV-12 in particular, and they can even harbor
CTX-M-15-encoding plasmids from families other than the IncF
family. In particular, they can carry resistance genes on plasmids
from the IncI1, IncN, and IncA/C families or on pir-type plasmids.
The pir-type plasmid pJIE143, first identified in a community-
acquired Australian E. coli ST131 isolate in 2006, has been fully
sequenced and shown to be organized similarly to plasmids in the
narrow-host-range IncX groups found in Enterobacteriaceae (63).
No resistance-associated gene other than blaCTX-M-15 has been
identified on pJIE143. CTX-M-1 enzymes may also be encoded by
IncI1 (France) and IncN (Norway and Germany) plasmids,
whereas CTX-M-3 (the United Kingdom) and CTX-M-65 (Ger-
many and China) enzymes may be encoded by IncN plasmids
(Table 4). CMY-2, the plasmid-encoded cephalosporinase most
frequently identified in E. coli ST131 to date, is carried by an IncI1
plasmid. Finally, although the blaNDM-1 gene has most frequently
been detected on broad-host-range plasmids, such as IncA/C plas-
mids, particularly in clinical or environmental isolates from the

Nicolas-Chanoine et al.

548 cmr.asm.org Clinical Microbiology Reviews

http://cmr.asm.org


New Delhi area (79), it has also been found on an IncFII plasmid
(pGUE-NDM) in an E. coli ST131 isolate. This isolate was ob-
tained in France, from a patient returning home from Darjeeling
(India), where she had lived for several years without hospitaliza-
tion (80). Peirano et al. reported similar findings for a patient
admitted to a hospital in Chicago after hospitalization in New
Delhi. However, in the New Delhi E. coli ST131 strain, NDM-1
was harbored by a larger IncF plasmid carrying the FIA replicon
(81). The complete genome sequence of pGUE-NDM showed that
blaNDM-1 was acquired by a plasmid resembling those previously
reported to harbor blaCTX-M-15. These findings are particularly
alarming given the success with which E. coli ST131 has dissemi-
nated blaCTX-M-15 on IncF plasmids. Finally, one E. coli ST131
isolate has been found to contain a plasmid (pJIE186-2) harboring
only VF genes classically carried by the chromosome (82) and a
second plasmid of the same incompatibility group (IncF) harbor-
ing the classical resistance-associated genes identified in E. coli
ST131 (blaCTX-M-15, blaOXA-1, blaTEM-1, aac6=-Ib-cr, and aac3-II).
This result and those reported in Table 4 clearly indicate that E.
coli ST131 strains commonly harbor multiple plasmids.

Molecular epidemiology of resistance in clinical isolates of E.
coli. An extensive review of studies of resistance mechanisms in E.
coli ST131 isolates revealed that CTX-M enzymes were by far the
most frequent ESBL. The most prevalent of these enzymes was
CTX-M-15, which currently has a worldwide distribution. The
production of other CTX-M-type enzymes in ST131 E. coli isolates
has been documented for CTX-M-1, -2, -3, -9, -10, -14, -18, -24,
-27, -28, -32, -39, -52, -55, -65, and 103 (15, 16, 18–20, 22, 29, 32,
45, 60, 71, 74, 83–93). E. coli ST131 isolates producing a number of
these enzymes seem to be more frequent in particular countries:
ST131 producing CTX-M-14 is particularly common in Canada,
China, Japan, and Spain; ST131 producing CTX-M-3 is particu-
larly frequent in the United Kingdom, and ST131 producing
CTX-M-27 is common in France, Japan, and Switzerland (18, 24,
71, 74, 75, 78, 84, 94). Other non-CTX-M ESBL Ambler class A
enzymes have also been described in E. coli ST131 isolates. These
enzymes include derivatives of the SHV family (mostly SHV-2 and
SHV-12) (32, 84, 87, 95, 96) and, based on anecdotal evidence,
derivatives of the TEM family (TEM-24 and -52) (15, 88). The
class A carbapenemase KPC-2 has been found in E. coli ST131
isolates from the United States (seven isolates), France (one iso-
late), Ireland (one isolate), and China, where they recently caused
outbreaks (97–100). Ambler class B enzymes from E. coli ST131
isolates have been reported in only a few studies: NDM-1 (two
cases from India) (64, 81), VIM-1 (one case in Italy) (101), and
IMP-8 (one case in Taiwan) (102). Ambler class C enzymes have
been detected more frequently than class B enzymes in ST131
isolates. The class C enzymes detected include CMY-2 (19, 103)
and CMY-4 (87), with DHA-1 described only rarely (19). Finally,
Ambler class D �-lactamases, such as OXA-48, have only rarely
been found in ST131 isolates (104, 105). Two narrow-spectrum
�-lactamases, OXA-1 and TEM-1, have frequently been found in
ST131 isolates, generally in association with CTX-M-15 enzymes,
following plasmid transfer (see “Characterization of plasmids har-
bored by clinical isolates of E. coli ST131” above) (9, 55, 58, 62, 94,
106). Another resistance gene, aac(6=)-Ibcr, which confers resis-
tance to both aminoglycosides (amikacin and tobramycin) and
ciprofloxacin, has frequently been detected in association with
CTX-M-15 enzymes (9, 19, 107–110). Only a few studies in Spain
and Portugal have reported the detection of qnr determinants,

another plasmid-mediated mechanism of quinolone resistance in
ST131 isolates (111–113). The main mechanism reported to con-
fer resistance to fluoroquinolones in E. coli ST131 isolates is amino
acid substitutions within the quinolone resistance-determining
regions (QRDR) of GyrA and ParC, the targets of quinolones/
fluoroquinolones (8, 43, 51, 114).

These reports clearly indicate that all the resistance mecha-
nisms acquired by E. coli ST131 isolates to date, with the exception
of fluoroquinolone resistance, are plasmid mediated. However,
one or several copies of the blaCTX-M-15 gene have been detected on
the chromosome (9, 115–117). Some strains with chromosomally
encoded CTX-M-15 harbor an IncFII-type plasmid, but without
the blaCTX-M-15 gene. This suggests that the blaCTX-M-15 gene may
have been transferred from the plasmid to the chromosome (115).

Phylogeny and Dynamics of Clinical Isolates of E. coli
ST131

The subclonal structure of ST131 and the clonality of fluoroquin-
olone resistance have been explored by subjecting historical (1967
to 2009) and international E. coli ST131 isolates (n � 236) and
recent American ST131 E. coli isolates (n � 116) to PFGE profiling
and the sequencing of fimH, gyrA, and parC (43). The events af-
fecting the gyrA and parC genes of the historical and recent E. coli
ST131 isolates were compared with those affecting the gyrA and
parC genes of 737 recent non-ST131 isolates. This analysis identi-
fied 185 unique pulsotypes among the 352 ST131 isolates, together
with seven distinct fimH-based putative clonal lineages (H15,
H22, H27, H30, H35, H41, and H94). Allele H30, the most fre-
quent fimH allele, was present in 70% of the isolates with pulso-
types displaying at least 75% similarity and in 29% of those with
pulsotypes displaying less than 75% similarity. The results of
fimH-based typing corresponded broadly to the PFGE profiles
obtained. The association of H subclones with fluoroquinolone
resistance and prevalence during the study period (1967 to 2009)
was therefore investigated. Only fluoroquinolone-susceptible
ST131 subclones, mostly H22 and H35, were encountered at the
start of the study period, from 1967 to 1999. Fluoroquinolone-
resistant ST131 isolates first emerged between 2000 and 2005, and
almost all these isolates belonged to subclone H30. Thereafter, the
H30 subclone continued to account for more than 97% of fluoro-
quinolone-resistant ST131 isolates and an increasing proportion
of total ST131 isolates. The H30 subclone was closely associated
with fluoroquinolone resistance in the 236 historical isolates,
regardless of location and source, and with ESBL production and
blaCTX-M-15. The history of SNPs and mutations of the gyrA
and parC genes leading to amino acid substitutions in the ST131
and non-ST131 isolates demonstrated an association between
subclone H30 and a distinctive gyrA and parC allele combination
(GyrA, S83L and D87N; ParC, S80I and E84V) as arising from a
single strain as little as 10 years ago. In genome-wide SNP studies
of 105 historical E. coli ST131 isolates from five countries and 23
states and provinces in Canada and the United States, including 22
CTX-M-15-producing isolates, Price et al. resolved the phylogeny
of ST131 strains with a higher degree of accuracy (115). This led to
the identification of four large recombinant regions acquired by
horizontal gene transfer and accounting for 31% of the genome.
The exclusion of SNPs from these four regions led to the detection
of distinct clusters of O-type strains carrying specific fimH alleles
and gyrA and parC alleles. In particular, strains (n � 64) carrying
the fimH30 allele clustered as a single low-diversity clade, desig-

Escherichia coli ST131

July 2014 Volume 27 Number 3 cmr.asm.org 549

http://cmr.asm.org


nated H30. This clade included 95% of the 61 fluoroquinolone-
resistant isolates. Almost all the CTX-M-15-producing isolates
could be condensed into a single distinct subclade within the H30
clade. The evolutionary history of the H30 subclone was resolved
further by constructing a new phylogenetic tree on the basis of
genomic analyses of the H30 strains and the NA114 reference ge-
nome. This new tree suggested that the fimH30 allele was acquired
before fluoroquinolone resistance, by a single ancestor within the
H30 lineage, and that this acquisition was followed by the exten-
sive clonal expansion of fluoroquinolone-resistant H30 strains.
The fluoroquinolone-resistant (R) subclone within the H30 lin-
eage was designated H30-R. Moreover, 91% of the CTX-M-15
(x)-producing isolates formed a distinct, single-ancestor subclone
within H30-R. This subclone was designated H30-Rx and could be
distinguished from the rest of H30-R on the basis of three canon-
ical SNPs. Together, these results provide support for the hypoth-
esis that the spread of both CTX-M-15 production and fluoro-
quinolone resistance in E. coli ST131 strains was dependent
principally on clonal expansion.

Pathogenic Characteristics

Infection spectrum. E. coli ST131 strains cause community- and
hospital-acquired UTI (cystitis and pyelonephritis) and bactere-
mia worldwide (42, 109, 118). They have also been reported to
cause other types of infection: intra-abdominal and soft tissue
infections (54), meningitis (119), osteoarticular infection (120),
myositis (121), epididymo-orchitis (119), and septic shock (122,
123). This spectrum of infections, typical of ExPEC, has increased
the degree of concern about ST131, which is already considered a
major potential problem due to its multidrug resistance.

Transmissibility. ST131 transmission has essentially been doc-
umented between members of the same household and between
family members and pets (dogs and cats in particular) (124).
Ender et al. provided strong evidence of the transmission of a
CTX-M-15-producing ST131 isolate resistant to gentamicin, tri-
methoprim-sulfamethoxazole, and fluoroquinolones between a
father and his daughter (122). The father was admitted to a hos-
pital for pyelonephritis due to a clone ST131 strain, where he was
visited by his adult daughter. She used his bathroom during the
visit and subsequently developed emphysematous pyelonephritis,
renal abscess, bacteremia, and septic shock due to the same ST131
strain, which appeared to be particularly virulent. However, the
VF gene profile of this strain identified it as a classical virotype A
strain. Johnson et al. provided novel evidence of the within-
household transmission of an ST131 strain between an infected
patient (an 8-month-old girl with an osteoarticular infection) and
another previously healthy member of the same family (the girl’s
mother). The same ST131 strain was detected in the digestive
tracts of both patients (120), but it remains unclear in which di-
rection the infection was transmitted. In this case, the ST131 strain
was a fluoroquinolone-resistant strain that did not produce an
ESBL. Owens et al. reported a fatal case of urosepsis involving the
community-associated intrafamilial spread of a CTX-M-15-pro-
ducing, fluoroquinolone-resistant ST131 strain (123). The index
case was a middle-aged female patient with chronic, recurrent
symptomatic urinary tract infections due to E. coli. This patient
and her younger sister had alpha-1-antitrypsin deficiency, which
was particularly severe in the younger sister. The younger sister
had stayed with the index patient, who had taken care of her, for
several months before the onset of infection in the younger sister.

The younger sister developed pyelonephritis and septic shock and
died shortly after her admission to hospital. The molecular and
epidemiological evidence reported in these studies suggests that
infection can be transmitted between family members of the same
household. Hilty et al. designed a specific study assessing the
transmission of ESBL-producing E. coli between patients and their
contacts at the hospital and between patients and household con-
tacts (91). Any patient (inpatients, outpatients, children, and
adults) newly identified as colonized or infected with an ESBL-
producing E. coli isolate between May 2008 and September 2009
was classified as an index patient. A prospective survey of the hos-
pital and household contacts of these patients was performed over
a period of 12 months following contact to check for possible
ESBL-producing E. coli isolate carriage in these individuals. In
cases of positive carriage, transmission was assumed to have oc-
curred if the index patient and contact had clonally related ESBL-
producing E. coli isolates with identical blaESBL genes. This ap-
proach identified 72 index patients (40 inpatients and 32
outpatients) colonized or infected with an ESBL-producing E. coli
isolate during the study period, 13% of whom were children. E.
coli ST131 accounted for 28% of the ESBL-producing E. coli iso-
lates obtained from the index patients. Transmission from the
index patient was considered to have occurred in four (4.5%) of
the 88 hospital contacts exposed to the 40 index patients with
ESBL-producing isolates. In two cases (50%), the strain transmit-
ted was an E. coli ST131 strain. Transmission was considered to
have occurred in 20 of the 88 (22.7%) household contacts. Trans-
mission was detected between six mother-to-child and two child-
to-child pairs, suggesting that children may make an important
contribution to the epidemiological characteristics of ESBL-pro-
ducing E. coli. E. coli ST131 strains accounted for 35% (7/20) of the
strains transmitted. E. coli ST131 strains were commonly identi-
fied as transmitted within the hospital and between members of
the same household. Transmission rates were significantly higher
in households than at the hospital. The authors suggested that this
difference was due to the infection control measures applied at
their hospital to prevent the patient-to-patient transmission of
multidrug-resistant isolates in particular.

In conclusion, the transmission of E. coli strains, including
ST131 strains, between human and animal members of the same
household, probably by direct host-to-host transmission, may
make a significant contribution to the community-wide dissemi-
nation of emerging antimicrobial-resistant ExPEC strains, such as
E. coli ST131.

Pathogenesis. Various studies have investigated the virulence
potential of E. coli ST131.

(i) Biofilm production and metabolic potential. Very few
studies have investigated the biofilm production and metabolic
potential of E. coli ST131 isolates, but the results of these studies
are concordant. Clermont et al. found that the two ST131 strains
studied produced a biofilm after 48 h, and Kudinha et al. found
that the prevalence of isolates producing biofilms was greater
among ST131 E. coli isolates than among non-ST131 clinical iso-
lates (22, 125).

Using the 47 tests set up by Vitek AES, Gibreel et al. showed
that ST131 isolates were significantly more likely to have a higher
Bio score than the isolates of any other ST (126). Vimont et al.
investigated the capacity of the tested ST131 isolate to colonize the
digestive tract by measuring its maximal growth rate (MGR) un-
der three sets of culture conditions: a rich medium and two min-
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imal media containing either gluconate or glucose. They com-
pared the results obtained with those for the commensal E. coli
strain K-12 MG1655 and two ExPEC strains, CFT073 and HT7
(127). The ST131 strain had a significantly higher MGR than the
other three strains.

These data suggest that E. coli ST131 has a high metabolic po-
tential, probably enhancing its ability to establish and maintain
intestinal colonization, the first step toward uropathogenicity.

(ii) Adhesion and colonization abilities. Martinez-Medina et
al., who characterized the similarity and divergence of adherent
invasive E. coli (AIEC) and ExPEC strains, found that one of the 12
ExPEC ST131 strains tested had an AIEC phenotype and displayed
50% similarity to two other ST131 AEIC strains (128). The VF
genes harbored by these three strains were different, suggesting
that ST131 AIEC strains, like other AIEC strains, have virulence-
specific features that can currently be detected only phenotypi-
cally. These features include an ability to adhere to and invade
intestinal epithelial cells and an ability to survive and replicate
within macrophages.

Vimont et al. investigated the ability of a virotype C E. coli
ST131 strain to colonize the intestine and infect the kidney in
experimental mouse models (127). The ST131 strain was mixed
(1:1 ratio) with commensal E. coli K-12 MG1655 (phylogenetic
group A), commensal E. coli IAI1 (group B1), or commensal E. coli
ED1a (group B2), and 106 CFU of each bacterial mixture was
administered per os to the mice. A competitive index analysis
showed that the ST131 strain outcompeted all the commensal
non-ST131 strains. The ST131 strain outcompeted E. coli K-12
MG1655 or E. coli ED1a more easily than E. coli IAI1 in the diges-
tive tracts of the mice. The ability of the ST131 strain to colonize
bladder and kidney was compared with those of E. coli strains
CFT073 (group B2 ST73) and HT7 (group B2 ST95). Seven days
after retrograde inoculation, the median number of CFU in the
bladder was greater for the ST131 strain than for strain HT7 (P �
0.01). A similar pattern, but with a smaller difference, was ob-
served for the comparison with strain CFT073. In the kidney, the
median number of CFU on day 7 was significantly higher for
strain ST131 than for strain HT7 or strain CFT073. However,
strain ST131 triggered an inflammatory response in the kidneys
similar to that induced by strain CFT073.

Type 1 fimbriae, encoded by the fim genes, are a major viru-
lence factor in uropathogenic E. coli. Totsika et al. analyzed the fim
operon sequence of strain ST131 EC958, a representative of the
ST131 CTX-M-15-producing lineage circulating in the northwest
of England (67, 129). They found that there was an ISL3-like
transposase in the fimB gene of this strain. This transposase was
also found in the recombinase-encoding fimB genes of 60% of the
other 54 English ST131 E. coli isolates studied and in 71% of the
Australian ST131 E. coli isolates studied. Blanco et al. found that
all virotype A, B, and C ST131 strains harbored this transposase in
their fimB genes (32). Totsika et al. demonstrated, by means of in
vitro functional assays (shaking and static cultures in LB broth),
that this insertion resulted in the expression of type 1 fimbriae
being switched on less frequently. This suggested the involvement
of a second recombinase in the switching on of type 1 fimbrial
expression observed in most ST131 isolates. Totsika et al. showed
that only the ST131 E. coli isolates able to switch on expression
adhered strongly to and invaded bladder epithelial cells. Croxall et
al. studied 55 E. coli ST131 isolates from urine samples of elderly
patients. They found that 56% had a strong ability, 30% had an

intermediate ability, and 14% had a limited ability to invade blad-
der epithelium cells. They found no correlation between invasive
potential and the carriage of virulence genes (17). Totsika et al.
used the mouse model of ascending urinary tract infection and
showed that the E. coli ST131isolates able to switch on the expres-
sion of type 1 fimbriae colonized the mouse bladder and urine,
whereas those unable to switch on the expression of type 1 fim-
briae colonized only the urine. This study clearly indicated that
type 1 fimbriae were a key virulence factor underlying the patho-
genicity of most E. coli ST131 isolates.

Peirano et al. assessed the adhesion of two clinical isolates of E.
coli ST131 (one producing the carbapenemase NDM-1 and an-
other producing the ESBL CTX-M-15) to human intestinal cell
lines (130). They found that these two isolates adhered less
strongly than two other isolates, from groups B1 and D. Their
experiment was carried out in the presence of mannose, which
inhibits adhesion mediated by type 1 fimbriae, potentially ac-
counting for the weaker adhesion of the two ST131 isolates.

(iii) Animal models. Clermont et al. used a mouse model of
systemic infection to assess the intrinsic virulence of three clin-
ical isolates of E. coli ST131 with a VF profile corresponding to
virotype C and one isolate with a VF profile corresponding to
virotype B (Table 1) (125). These four E. coli ST131 isolates
grouped together on an MLST-based phylogenetic tree, along
with the pyelonephritic diffusely adhering EC7372 reference
strain. They were also located close to two diarrhea-associated
diffusely adhering strains (virotype C) and slightly further from an
ECOR66 strain harboring three VF genes (papC, papG, and hlyC)
absent from the isolates studied and the reference strains. All of
these strains killed all 10 mice inoculated in tests, despite their
different VF profiles.

In a study on the same animal model, involving comparison
with the reference strain CFT073, Johnson et al. (131) tested 61 E.
coli isolates: (i) 44 clinical isolates classified into four sets of 11
isolates matched on the basis of their characteristics (ST131 and
non-ST131 isolates resistant to fluoroquinolones and ST131 and
non-ST131 isolates susceptible to fluoroquinolones), (ii) 12 urine
and blood isolates corresponding to nine classical ExPEC clonal
groups, and (iii) five fluoroquinolone-resistant E. coli ST131 iso-
lates from case reports (distinctive clinical behavior or within-
household transmission) (120, 122, 123). They found a broad
range of virulence potential within the study population. Neither
ST131 status nor fluoroquinolone phenotype was significantly as-
sociated with virulence. In contrast, some ExPEC virulence genes
(adhesins, papAH and papGIII; toxin, vat; protectins, kpsM II and
K1 capsule; invasin, ibeA; and miscellaneous, clbB/N), ExPEC sta-
tus, and aggregate virulence score were found to be significantly
correlated with virulence. Thus, ST131 isolates are neither uni-
formly virulent nor, as a group, markedly more virulent than
other extraintestinal E. coli isolates.

In the same murine model of sepsis, Mora Gutierrez et al.
found a wide range of virulence patterns associated with certain
virotypes for the 23 E. coli ST131 isolates tested (34). Fourteen of
the 23 isolates killed 90 to 100% of the mice challenged. The viro-
type A, B, and C isolates had high final lethality scores (�80% of
the mice challenged), whereas a pattern of slow, low-level lethality
was observed for some of the virotype D isolates and the virotype
E isolates. The O16:H4 ST131 isolates included in this study had a
high virulence potential.

Lavigne et al. used two other animal models: Caenorhabditis
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elegans and zebrafish embryos (31). They tested three E. coli
ST131isolates, two of which were obtained from urine and pro-
duced CTX-M-15 enzymes and the third being a fluoroquin-
olone-susceptible fecal isolate without ESBL production. The two
CTX-M-15-producing isolates harbored the same VF genes, ex-
cept that one had afra/draBC whereas the other did not. The two
CTX-M-15-producing isolates were of the C and A virotypes. The
fecal isolate lacked the genes required for classification as ExPEC
(33). These three strains were tested in comparison with group B2
pyelonephritic reference strains (CFT073, 536) and the group
B2 commensal reference strain ED1A, together with one group B2
(ST73) clinical isolate and one group A urine non-ST131 clinical
isolate. The three ST131 strains had a virulence potential in C.
elegans similar to that of the group B2 commensal reference strain.
This potential was significantly lower than that of the group B2
non-ST131 strains but significantly higher than that of the group
A clinical isolate. The virulence patterns observed in zebrafish
embryos differed markedly from those in C. elegans. The fecal
ST131 strain was more virulent than the two urine ST131 strains,
whereas the commensal reference strain was not virulent and the
group A strain was highly virulent. The urine ST131 strains were
less virulent than the reference strains CFT073 and 536. These two
experiments suggest that the urine ST131 strains were of interme-
diate virulence. The virulence of the fecal ST131 strain was inter-
mediate in C. elegans but high in zebrafish, despite the lack of VF
genes known to contribute to intrinsic virulence in E. coli. The
transparent nature of zebrafish embryos makes it possible to fol-
low the infection in real time. Studies in this model revealed a
tropism of the fecal and virotype C E. coli ST131 isolates for the
central nervous system.

All these studies indicate that E. coli ST131 has a high metabolic
potential, is able to colonize intestine, bladder, and kidney, and is
virulent, just like other group B2 ExPEC strains. However, none of
these studies found a correlation between pathogenic properties
and VF gene carriage in E. coli ST131 strains. This suggests that
as-yet-unknown underlying mechanisms are probably involved in
the virulence of E. coli ST131 strains. Whole-genome comparisons
might identify genetic differences corresponding to the different
virulence patterns observed in E. coli ST131 strains, which are
otherwise highly similar.

GENOMICS OF E. COLI ST131

The entire genome sequences of 13 E. coli ST131 strains are cur-
rently available (117, 129, 132, 133). In 2011, Avasthi et al. (132)
published the chromosome sequence of strain NA114, a typical
uropathogenic E. coli ST131 isolate from the city of Pune in West-
ern India (134), and the sequence of the single 3.5-kb plasmid
harbored by this strain. The NA114 chromosome was 4,935,666
bp long, with a GC content of 51.16% and a coding percentage of
88.4%. It had 4,875 protein-encoding sequences, 67 tRNAs, and
three rRNA genes. The authors limited their comments on this
genome essentially to confirmation of the presence of the viru-
lence-associated genes classically identified by PCR in E. coli
ST131 and the detection of several genes rarely identified in E. coli
ST131 isolates (cnf1, sfa, and aer) and an intact polyketide synthe-
tase island. Andersen et al. (117) recently reported the complete
genome of strain JJ1886, a uropathogenic strain (123) considered
representative of the epidemic and highly virulent CTX-M-15-
producing H30-Rx subclone of E. coli ST131. This complete ge-
nome corresponds to a 5,129,938-bp chromosome with a GC con-

tent of 50.8%, 5,086 protein-encoding sequences, 88 tRNAs, and
22 rRNA genes plus five plasmids of 1.6, 5.2, 5.6, 56, and 110 kb in
size. Again, few analytical data have been reported for this genome
sequence. However, the authors indicated that only the largest
plasmid (110 kb) carried genes for antibiotic resistance. The
blaCTX-M-15 gene was found to have been integrated into the strain
JJ1886 chromosome by the insertion of an incomplete Tn3 ele-
ment into a lambda-like prophage. Further analyses are required
to clarify the differences and similarities between strains NA114
and JJ1886, but the data already available indicate some differ-
ences between these strains. Totsika et al. determined the genome
sequence of strain EC958, a representative example of the CTX-
M-15-producing ST131 isolates circulating in the northwest of
England (67, 129). The complete genome of this strain comprises
a 5,070,614-bp chromosome plus two plasmids of 134 kb and 4 kb
in size. The smallest plasmid is 97% identical to pSE11-6 from the
commensal group B1 E. coli strain SE11, whereas the largest,
which harbors blaCTX-M-15, displays a high level of identity to
pEK499 and pC15-a (see “Characterization of plasmids harbored
by clinical isolates of E. coli ST131” above). The chromosome of
strain EC958 contains several regions different from previously
sequenced E. coli chromosomes, and most of these regions can be
identified as prophage elements. This comparison also showed the
presence of four genomic islands in chromosomal integration hot
spots (GI-pheV, GI-selC, GI-leu, and GI-thrW) containing viru-
lence-associated genes and a 31-kb tRNA-asnT-associated island
99% identical to the high-pathogenicity island (HPI) of Yersinia
pestis, which contains the fyuA and irp2 VF genes. The fyuA gene
has been identified in all ST131 isolates tested by PCR, whereas the
irp2 gene has not (see “VF-encoding genes and virotypes” above).
The tRNA-thrW chromosomal integration hot spot in strain
EC958 contains a 10.8-kb genomic island encoding a type I re-
striction/modification system almost identical to the equivalent
region in the group B2 commensal E. coli strain SE15 but different
from other published uropathogenic strain genomes. Strain
EC958 also contains three large regions of difference displaying a
high level of identity to syntenic regions in E. coli strain SE15.
These regions contain genes with a predicted sugar transport/me-
tabolism function, two tandemly arranged autotransporter ho-
mologs, a chaperone-usher gene pair, and a putative fimbrial sub-
unit gene. The presence of these genes in the commensal group B2
strain SE15 led the authors to speculate on their possible contri-
bution to the fitness of EC958 for gastrointestinal colonization.
Strain EC958 was also investigated by Phan et al., who looked at its
serum resistome (135). This strain was found to contain 56 genes,
82% of which were implicated in its serum resistance. Clark et al.
sequenced the genome of strain UTI18, a representative ESBL-
producing urinary tract isolate from elderly people from the East
Midlands in the United Kingdom (17, 133, 136). The UTI18 ge-
nome is very similar to that of strain NA114. However, it differs
from that of NA114 in having neither the pathogenicity island
containing cnf and the intact pap operon nor the sfa fimbrial
operon. An ISL3-like transposase is present within the fimB gene
of strain UTI18, which also has a truncated HPI. Comparative
analyses of regions outside the accessory virulome of ExPEC have
highlighted differences in metabolic pathway-encoding genes be-
tween strain UTI18 and other ExPEC strains for which genome
sequences have been published. Clark et al. sequenced the ge-
nomes of nine additional urine ST131 strains from other elderly
patients in the East Midlands and compared them with the ge-
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nome of strain UTI18. They found no strain-specific insertion or
deletion of accessory mobile islands in the set of strains from el-
derly patients and identified two regions that were different from
the equivalent regions in the Indian strain NA114 genome, which
seemed to correspond to plasmid fragments. They also compared
the SNP profiles of strains from elderly patients with those of the
uropathogenic reference strain UTI89 and an ST12 isolate from
their strain collection. They found low levels of SNP variation
within the genomes of their ST131 strains, similar to that com-
monly observed in monomorphic, highly pathogenic, and host-
restricted species, such as Salmonella enterica serotype Typhi. The
mapping of ST131-specific SNPs against the UTI89 genome
showed the distribution of these SNPs to be nonrandom, suggest-
ing a significant role for recombination in the emergence and
stability of clone ST131 among the urine isolates causing infection
in unrelated elderly patients from the East Midlands in the United
Kingdom. McNally et al. applied algorithms designed for the esti-
mation of recombination and population structure to large ge-
nome data sets for E. coli, including the available genome se-
quences for ST131 strains, to investigate the correlation between
recombination and pathogenesis (137). A detailed analysis of core
genome recombination suggested the evolution from a ubiqui-
tous intestinal commensal organism displaying relatively frequent
core genome recombination into a highly specialized ExPEC with
much lower levels of core genome recombination and, in clone
ST131, an almost stable core genome sexually isolated from the
rest of the species, including the most closely related group B2
ExPEC strains. Using the MLST database, they showed that E. coli
ST131 formed a monophyletic clade with the other group B2 E.
coli isolates and that the CTX-M-15-producing E. coli ST131 iso-
lates displayed significantly less recombination than the other
group B2 isolates, such as ST73 and ST95. ST131 is a classical
group B2 strain containing classical ExPEC-specific virulence
factors. As the main difference between ST131 and its phyloge-
netic near neighbors is ESBL production, it would appear likely
that ST131 has specialized, becoming a multidrug-resistant
group B2 ExPEC strain, through horizontal gene transfer and
subsequently displaying lower levels of recombination, due to
ecological or genetic factors. Evidence for lower levels of re-
combination linked to the ecological separation of E. coli ST131
from other E. coli strains is provided by the presence of E. coli O157
in the cluster containing the E. coli strains with the lowest level of
detectable core recombination. This E. coli lineage, which has be-
come a globally successful human pathogen, colonizes the recto-
anal junctions of livestock but not the intestinal lumens. This sug-
gests that lineage O157, which is ecologically distinct, encounters
fewer opportunities to recombine with distantly related E. coli
lineages, because it is not present in the mammalian intestinal
tract, where such interactions are likely to occur. Interestingly,
Shigella, a subset of E. coli with a niche restricted to the human
digestive tract, has an extreme monomorphic structure, with little
recombination.

In conclusion, the most pertinent information provided by
genome analysis concerns the high degree of specialization of E.
coli ST131, which displays very low levels of core genome recom-
bination. This genomic property seems to be linked to its ecolog-
ical characteristics. Thus, further studies are required, not only to
explore the genetic factors potentially accounting for the global
success of E. coli ST131 but also to characterize the specific eco-
logical features of this lineage.

EPIDEMIOLOGY OF E. COLI STI131

Global Dissemination of E. coli ST131

Following the initial identification of E. coli ST131 in 2008 in a
limited number of countries on three continents—North America
(Canada) Europe (France, Portugal, Spain, Switzerland), and Asia
(India, South Korea, Kuwait, and Lebanon) (8, 9)—this clone was
successfully detected in many other countries on these three con-
tinents and on the two remaining continents, Africa and Oceania
(Fig. 1).

Prevalence and Epidemiology of E. coli ST131 among
Human Clinical Isolates of E. coli

The first clinical isolates of E. coli ST131 identified around the
world were characterized by three major epidemiological traits.
They all produced CTX-M-15 ESBL, were resistant to fluoro-
quinolones, and caused infections in both the hospital and com-
munity settings. These traits were therefore often used as the pop-
ulation background (denominator) for assessing the prevalence of
E. coli ST131 among clinical isolates of E. coli.

Prevalence of E. coli ST131 among ESBL-producing or fluo-
roquinolone-resistant isolates. Table 5 shows data on the preva-
lence of E. coli ST131 among ESBL-producing E. coli strains from
different countries in Europe (the Czech Republic, Denmark,
France, Spain, Sweden, Switzerland, and the United Kingdom),
the Americas (Canada, the United States, and South America) and
Asia (South Korea and Japan) for the period from 2000 to 2011.

Considering all sample types, the prevalence of E. coli ST131
among ESBL-producing E. coli isolates ranged from 22% (Spain)
to 66% (United Kingdom) in Europe (mean value, 39% for five
European countries) between 2006 and 2011 (20, 72, 75, 96, 139).
The two studies conducted in Spain, 2 years apart at two hospitals
in Galicia and Catalonia, indicated a marked increase in preva-
lence over this period: 22% in 2006 and 32% in 2008. In the United
States (2009 to 2011), E. coli ST131 accounted for 54%, 10%, and
64% of the ESBL-producing E. coli isolates in the general popula-
tion, children, and veterans, respectively (45, 93, 141). It ac-
counted for 50% of such isolates in Canada between 2007 and
2009 and 52% in Japan between 2008 and 2011 (140, 142).

E. coli ST131 accounted for 21 and 25% of urinary tract infec-
tion (UTI) ESBL-producing E. coli isolates acquired in the com-
munity in France (2006) and in Mexico (2006 to 2007), respec-
tively, and for 34% and 70% of those acquired in the community
and in hospitals in Sweden (2007 to 2011) and India (2009), re-
spectively (73, 86, 143, 144).

Three studies investigated bloodstream isolates. A prevalence
of 60% of the ESBL-producing E. coli isolates causing bacteremia
was reported in Canada for the period from 2000 to 2010, versus
32% of isolates causing bacteremia in France in 2005 and only
20% of isolates causing community-acquired bacteremia in South
Korea between 2006 and 2011 (78, 145, 146).

Three other studies assessed the prevalence of E. coli ST131
among the ESBL-producing E. coli isolates causing travel-related
infections of any type (Canada) or identified in the diarrheal stool
samples (Canada and the United Kingdom) of travelers returning
from abroad. Pitout et al. and Dhanji et al. sought E. coli ST131
only among CTX-M-15- and CTX-M-14-producing isolates and
among CTX-M-15-producing isolates, respectively (Table 5), be-
cause these isolates account for most ESBL producers. E. coli
ST131 accounted for 53% of the CTX-M-15- and CTX-M-14-
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producing isolates responsible for infections in travelers returning
to Canada and 11.5% of the CTX-M-15-producing isolates de-
tected in diarrheal stools from travelers returning to the United
Kingdom (78, 147). A third study, also performed in Canada, was
a case-control study comparing diarrheal stool samples from trav-
elers (cases) and subjects who had not recently traveled abroad
(controls) (148). Travelers were found to be significantly more
likely to be colonized with ESBL-producing isolates than nontrav-
elers, but the proportion of E. coli ST131 was higher among the
ESBL-producing isolates obtained from nontravelers (40%) than
among those obtained from travelers (23%). Rogers et al., who
studied the potential risks and dynamics of the prolonged carriage
of resistant E. coli in returned travelers, found that E. coli ST131
was infrequent, accounting for only 3% of the ESBL-producing E.
coli isolates identified in samples from the participants (150).
Studies other than those cited in Table 5 have reported that travel
abroad, notably in India and Africa, increases the risk of being
colonized (151) or presenting a community-acquired infection
(152, 153) with an ESBL-producing E. coli strain. However, as
none of these studies determined the ST of the ESBL-producing
isolates identified, it was not possible to assess the role played by E.
coli ST131. Nonetheless, these studies suggest that traveling
abroad increases the risk of ESBL-producing-E. coli isolate car-
riage, specifically for non-ST131 isolates.

The available data for the prevalence of E. coli ST131 among
fluoroquinolone-resistant E. coli isolates essentially concern UTI
isolates from European (24%), East Asian (25 to 34%), and Amer-
ican (44 to 60%) patients (Table 5). The prevalence was found to
be higher (60%) among UTI isolates from U.S. patients who had
undergone renal transplantation (154). However, the highest
prevalence, 78%, was that among fluoroquinolone-resistant E. coli
isolates from U.S. veterans from 18 states (45).

Prevalence of E. coli ST131 among all E. coli isolates. Recently
published studies carried out in Europe (France, Poland, Spain,
and United Kingdom), Oceania (Australia and New Zealand), and
the United States determined the overall prevalence of E. coli
ST131, because they included unselected, nonrepeated, and con-
secutive E. coli isolates (Table 6).

Four of the studies on the general population were case-control
studies in which ESBL-producing and non-ESBL-producing iso-
lates from any type of sample were compared. These studies re-
ported similar prevalences of E. coli ST131 among the non-ESBL-
producing isolates: 10% in France (2008 to 2009), 12% in Spain
(2010), and 13% in each of the other two studies, carried out in the
United States (2007 to 2012). However, the reported prevalence
among ESBL-producing isolates was higher in the United States
(49 to 50%) than in France (36%) or Spain (23%) (16, 54, 156,
161).

FIG 1 Global dissemination of Escherichia coli ST131 clone (2013). Articles which mentioned for the first time the presence of clone ST131 in a given country or
a given location are cited. Red stars indicate isolates producing ESBL enzymes, and blue stars indicate fluoroquinolone-resistant, non-ESBL-producing isolates.
For Europe, references are for Belgium (58, 83), Croatia (220), the Czech Republic (206), Denmark (221), France (8), Germany (166, 170), Italia (222),
Netherland (223), Norway (57), Portugal (8), Spain (8), Sweden (224), Switzerland (8), and the United Kingdom (67, 78, 108, 109). For Asia, references are for
China (71, 95, 164, 225, 226), India (73, 227), Israel (228), Japan (25, 95, 171, 229), South Korea (8), Kuwait (8), Lebanon (8), Pakistan (23), Russia (192), Turkey
(230), and United Arab Emirates (231). For the Americas, references are for Canada (8, 50, 84, 85, 140, 147), the United States (10, 42, 43, 46, 156, 232), Argentina
(233), Brazil (234), Colombia (235), and Mexico (236). For Africa, references are for Cameroon (237), Central African Republic (125), Egypt (238), Kenya (177),
Madagascar (239), Nigeria (240), South Africa (241), Tanzania (242) and Tunisia (243). For Oceania, references are for Australia (150, 172, 173, 244, 245) and
New Zealand (246).
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TABLE 5 Prevalence of Escherichia coli ST131 among ESBL-producing and fluoroquinolone-resistant
E. coli isolatesa

Isolate type, sample type, and
country(ies) Study period Study and population characteristics

% of E. coli ST131 among
E. coli isolates

ReferenceESBL� FQr

ESBL� isolates
Any sample

Czech Republic 2006 Prospective study (one hospital), any sample, 9 ESBL�

E. coli isolates
44 72

Spain 2006-2007 Prospective study (one hospital, Lugo), any sample,
outpatients, 105 ESBL� E. coli isolates

22 138

Spain 2008 Prospective study (one hospital, Barcelona), any
sample, 94 ESBL� E. coli isolates

32 96

UK 2006 West Midlands region (13 hospitals), CA and HA
infections, any sample, 232 ESBL� E. coli isolates

66 139

Canada 2007-2009 National study (hospital), any sample, 155 ESBL� E.
coli isolates

50 140

Denmark 2008-2009 Retrospective study (three hospitals and 100 general
practitioners, Copenhagen), 115 ESBL� E. coli
isolates

38 20

Switzerland 2011 Prospective study (one hospital), CA and HA
infections, any sample, 30 ESBL� E. coli isolates

33 75

US 2009-2010 Prospective, multicenter study, CA infections, any
sample, 292 ESBL� E. coli isolates

54 93

US 2010-2011 Prospective study among children (one hospital), any
sample, 68 ESBL� E. coli isolates

10 141

US (18 states) 2010-2011 24 laboratories serving the Department of Veterans
Affairs, any sample, each laboratory provided 10
FQr and 10 FQsb E. coli isolates (2011) and10 ESBL�

E. coli isolates (2010-2011)

64 78 45

Japan 2008-2011 Retrospective study (one hospital), any sample, 71
ESBL� E. coli isolates

52 142

UTI
France 2006 Prospective national survey from private laboratories,

UTI ESBL� Enterobacteriaceae among which were
48 ESBL� E. coli isolates

21 86

Sweden 2007-2011 National survey, 851 UTI ESBL� E. coli isolates 34 143
India 2009 Retrospective study (one hospital, Pune), 100 UTI

isolates, 23 ESBL�
70 73

South America 2006-2007 CA UTI isolates (one center, Mexico), 500 ESBL� E.
coli isolates of which 56 were molecularly studied

25 (of 56 isolates) 144

Bacteremia
France 2005 Multicenter study, bacteremia, 19 ESBL� E. coli

isolates
32 94

Canada 2000-2010 Retrospective study, bacteremia, 197 ESBL� E. coli
isolates

60 145

South Korea 2006-2011 Retrospective study, CA bacteremia, 103 ESBL� E. coli
isolates of which 76 were molecularly studied

20 (of 76 isolates) 146

Travel
Canada 2004-2006 Prospective study, travel-related infections, any

sample, 105 ESBL� isolates of which 68 produced
CTX-M-15 or CTX-M-14

53 (of 68 isolates) 147

UK 2006-2008 Prospective study, travel-acquired diarrhea, stool
samples, 174 CTX-M-15-producing isolates

11.5 78

Canada 2009 Prospective case-control study, diarrheal stool
samples, 26 ESBL� isolates form travelers and 5
ESBL� isolates from nontravelers

23 (of 26 isolates),
40 (of 5
isolates)

148

FQr isolates
Europe (8 countries) 2003-2006 Uncomplicated CA UTI, 148 FQr E. coli isolates from

womenc
24 51

Canada 2002-2004 Multicenter study, ambulatory patients,d 199 UTI
isolates randomly selected among E. coli isolates
susceptible and/or resistant to TS and/or FQ

44 50

Japan, South Korea, China 1998-2007 Multicenter study, any sample, 219 FQr E. coli isolates 34 95
South Korea 2006-2007 CA UTI from 7 regions, 154 FQr E. coli isolates 25 149

a Abbreviations: CA, community acquired; HA, hospital acquired; UTI, urinary tract infection; ESBL, extended-spectrum �-lactamase; TS, trimethoprim-sulfamethoxazole; FQ,
fluoroquinolone; ESBL�, ESBL producing; ICU, intensive care unit.
b Among FQs isolates, 7% were ST131.
c ARES study.
d NAUTICA survey.
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Other study designs (prospective or retrospective cohort stud-
ies) have been used to evaluate the prevalence of E. coli ST131
isolates among total E. coli isolates. In 2009, Blanco et al. (155)
carried out a study at several different centers and showed that E.
coli ST131 accounted for 12% of all E. coli isolates. In contrast, the
American studies conducted by Johnson et al. in 2007 on non-UTI
isolates and by Banerjee et al. in 2011 on E. coli isolates of all types
showed that E. coli ST131 clone accounted for 17 and 27% of the
isolates considered, respectively (10, 110). It is not currently pos-
sible to exclude the possibility that the lower prevalence observed
in the United States in 2007 was partly linked to the absence of UTI
isolates in this study.

The other nine studies were performed on isolates from spe-

cific infections and/or subpopulations. E. coli ST131 accounted for
3% of the E. coli isolates causing spontaneous bacterial peritonitis
and/or bacteremia in cirrhotic patients in France between 1997
and 2006 (157), none of which produced ESBL. This low preva-
lence is consistent with the results obtained by Chung et al. (162),
who found a negative association between liver cirrhosis and bac-
teremia due to an E. coli isolate of clone ST131. A higher preva-
lence, 13%, was found among the non-ESBL-producing E. coli
ST131 isolates causing bacteremia in the United Kingdom (158).
This prevalence increased to 62% if the United Kingdom bactere-
mia isolates producing ESBL were included. Higher values were
obtained for the bacteremia isolates characterized at San Francisco
General Hospital between 2007 and 2010: 25% among the non-

TABLE 6 Overall prevalence of Escherichia coli ST131 among E. coli isolatesa

Sample type and
country Study period Study and population characteristics

% of E. coli ST131 among E. coli isolates

ReferenceESBL� ESBL� Overall

Any sample
France 2008-2009 Multicenter (Paris) prospective case-control study, any

sample, 152 ESBL� and 152 ESBL� E. coli isolates
36 10 16

Spain 2010 Multicenter (Seville) case-control study, any sample,
1,077 E. coli isolates of which 149 were ESBL� and 928
ESBL�

23 12 14 54

US 2007-2010 Multicenter prospective case-control study, 94 ESBL�

and 158 ESBL� E. coli isolates
50 13 110

US 2007-2011 Prospective case-control study (Chicago), outpatients �
inpatients, 100 ESBL� and 107 ESBL� E. coli isolates

49 13 46

Spain 2009 Multicenter study, CA and HA infections, any sample,
500 E. coli isolates

12 155

US 2007c National study from hospitalized patients, 127 non-UTI
E. coli isolates

17 10

US 2011 Retrospective study (Olmsted County medical centers),
any sample, 299 E. coli isolates

27 156

Bacteremia
France 1997-2006 Retrospective study (one hospital), spontaneous

bacteremia or bacterial peritonitis from cirrhotic
patients, 110 E. coli isolates

3b 157

UK 2010-2012 Multicenter study, bacteremia, 770 E. coli isolates 62 13 17 158
US 2007-2012 Prospective study (one hospital, San Francisco),

bacteremia, 194 E. coli isolates
72 25 26 42

New Zealand 2007-2010 Case-control study (one hospital), CA bacteremia after
prostate biopsy (47 E. coli isolates), CA bacteremia (54
E. coli isolates)

38 (of 47 isolates), 17
(of 54 isolates)

118

UTI
UK 2008-2009 Prospective study of CA and HA UTI (two hospitals),

300 E. coli isolates
54 9 12 109

UK 2008-2009 Regional cohort of elderly patients, CA and HA UTI, 121
E. coli isolates

22 17

Australia 2009-2011 Prospective study, children (clinics and hospitals), 212
(cystitis/pyelonephritis) E. coli isolates,

6 (cystitis), 11
(pyelonephritis)

159

Australia 2009-2011 Multicenter prospective study, reproductive-age women,
623 (cystitis/pyelonephritis) E. coli isolates,

13 (cystitis), 30
(pyelonephritis)

22

Other
Poland 2009-2012 Multicenter study, neonatal ICUs, 90 E. coli isolates of

which 25 were ESBL�

64 36 160

a Abbreviations: CA. community acquired; HA, hospital acquired; UTI, urinary tract infection; ESBL, extended-spectrum �-lactamase; ESBL�, ESBL producing; ESBL�, non-ESBL
producing.
b Three non-ESBL-producing isolates.
c MYSTIC study.
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ESBL-producing isolates and 72% among the ESBL producers
(42). However, if all the E. coli isolates causing bacteremia col-
lected in San Francisco were taken into account, the prevalence of
E. coli ST131 was 26%, similar to the 27% reported for the United
States general population in 2011 (110). This raises questions
about the suitability of the prevalence of E. coli ST131 among
bacteremia E. coli isolates as an indicator of the actual prevalence
of E. coli ST131 infection in in- and outpatients infected with E.
coli. In New Zealand, E. coli ST131 was found to account for 17%
of the E. coli isolates causing community-acquired bacteremia but
for 38% of the isolates obtained when the community-acquired
bacteremia was after prostate biopsy (118).

Four studies focused on UTI in the general population or sub-
populations. In the United Kingdom, an analysis of 300 consecu-
tive UTI E. coli isolates showed the prevalence of E. coli ST131 to be
9% among the non-ESBL-producing isolates and 54% among
those producing ESBL (109). The lower of these two figures (9%)
is similar to that reported in France for all non-ESBL-producing
isolates (10%), whereas the higher figure (54%) is closer to that
reported in the United States among all ESBL-producing isolates
(49 to 50%) than to that reported in France (36%) (16, 110). A
study by Croxall et al. focused on elderly patients in the United
Kingdom, in whom E. coli ST131 accounted for 22% of the E. coli
isolates causing community- and hospital-acquired UTI (17).
Kudinha et al., who investigated UTI in Australian children and
women of reproductive age showed, for both these subpopula-
tions, that the prevalence of E. coli ST131 was higher among the E.
coli isolates causing pyelonephritis than among those causing cys-
titis: 11 and 30% versus 6 and 13%, respectively (22, 159). The last
study, carried out in neonatal intensive care units in Poland,
showed that E. coli ST131 accounted for 36% of all E. coli isolates
and that 64% of these ST131 isolates produced ESBL (160).

The most robust of the studies designed to determine the actual
prevalence of clone ST131 were those in which the ST was deter-
mined for all unselected isolates (16, 17, 42, 109, 156, 157). This
approach made it possible to describe the polyclonal structure of
E. coli populations, evaluating the proportions of unique and
clonal group strains and the proportion of ST131 strains among
both the clonal group strains and in the predominant clonal group
(Table 7). Clonal groups accounted for 45 to 90% of the strains in
the six studies cited, and the major clonal groups identified were
the same in all these studies: ST131, ST73, ST95, ST69, ST127, and
ST10. This clearly indicates that people from different countries,
with no apparent epidemiological link, can be infected with the
clonal groups identified. However, several differences between

these studies should be highlighted. The study by Brisse et al.,
which analyzed the clonal composition of the ESBL-producing
and non-ESBL-producing E. coli populations separately, showed
that clonal groups other than clone ST131 among ESBL-produc-
ing isolates differed from those identified among the non-ESBL-
producing isolates or the E. coli isolates analyzed in other studies
(16). The proportion of ESBL-producing isolates among the E. coli
isolates analyzed in these other studies was either negligible (157)
or low, at 11% (156), 9% (109), 17% (17), and 10% (42). This may
explain the similarity between the clonal group compositions of
the E. coli isolates investigated in these five studies and those of the
non-ESBL-producing E. coli isolates characterized separately in
the study by Brisse et al. (16). It therefore appears to be essential to
analyze ESBL- and non-ESBL-producing isolates separately when
E. coli populations are investigated at the level of population struc-
ture, because, as shown by Brisse et al., these two kinds of isolates
seem to have different population structures, suggesting epidemi-
ological differences (16).

Another difference (Table 7) concerned the proportion of
clonal group strains belonging to the ST131 clonal group (from 5
to 47%) and the predominant ST. ST131 was the predominant
clone in five instances (including one instance in which ESBL-
producing isolates were analyzed separately), ST95 was the pre-
dominant clone once, and ST73 was the predominant clone twice
(including once for the separate analysis of non-ESBL-producing
isolates). All the predominant clones belong to phylogenetic
group B2, which is known to include the most virulent extraint-
estinal pathogenic E. coli strains. However, ST95 and ST73 have
rarely been identified among strains producing ESBL, whereas
ST131 was frequently identified among strains producing ESBL
(16, 42, 46). This strongly suggests that E. coli ST131 is unusual
among group B2 clones.

Overall, depending on the country considered, E. coli ST131
has accounted for 12 to 27% of all E. coli isolates causing infections
in the general population over the last 10 years. Among UTI E. coli
isolates, the prevalence of clone ST131 varied with age: �10% in
children, 13% in women of reproductive age, and �20% in elderly
patients. Banerjee et al. showed, with unselected isolates, that E.
coli ST131 predominated in adults over the age of 50 years and that
the prevalence of infections with this clonal group increased with
age (110). If only ESBL-producing or fluoroquinolone-resistant E.
coli isolates were considered, the prevalence of clone ST131 was
generally much higher, varying from 20 to 66% among ESBL pro-
ducers and from 10 to 72% among fluoroquinolone-resistant iso-

TABLE 7 Population structure of Escherichia coli and percentage of E. coli ST131 strains among clonal group strainsa

Country
(reference) Sample No. of isolates No. of distinct STs

% of clonal group
strains

% of E. coli ST131
among clonal
group strains Predominant ST

Other major ST clonal
groups

France (157) Blood 110 67 49 5 95 73, 69, 14, 10, 23
UK (17) Urine 121 52 45 22 131 73, 69, 127, 95
UK (109) Urine 300 102 52 21 73 131, 69, 95, 10, 127
France (16) All 304 (ESBL�, 152;

ESBL�, 152)
105 (ESBL�, 49;

ESBL�, 73)
70 (ESBL�, 77;

ESBL�, 60)
23 (ESBL�, 47;

ESBL�, 17)
131 (ESBL�, 131;

ESBL�: 73)
ESBL�, 10, 167, 648, 117,

345; ESBL�, 131, 10,
95, 141, 69

US (156) All 299 47 50 40 131 95, 73, 127, 69
US (42) Blood 194 41 90 29 131 95, 73, 69, 12, 10
a ESBL�, ESBL-producing isolate; ESBL�, non-ESBL-producing isolate.
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lates, depending on the country, type of infection, and subpopu-
lation considered.

Longitudinal epidemiology of clinical isolates of E. coli
ST131. As indicated in Tables 5 and 6, some studies covered pro-
longed time periods, making it possible to obtain data relating to
the temporal evolution of clinical isolates of clone ST131. In an
analysis of 351 ESBL-producing E. coli isolates collected from 15
widely dispersed centers in the United States between 2000 and
2009, Johnson et al. (30) noted a significantly higher prevalence of
CTX-M-15 ESBL production and clone ST131 among isolates col-
lected between 2004 and 2009 than among those collected before
this period (for CTX-M-15, 77% versus 23% [P � 0.019]; for
ST131, 49% versus 8% [P � 0.004]). E. coli ST131 isolates were
significantly more likely to be have been obtained in the period
from 2004 to 2009 than before 2004, regardless of CTX-M-15
status.

In Calgary (84), the number of E. coli isolates causing bactere-
mia increased from 334 in 2000 to 459 in 2010 (increase of 37%),
whereas the number of the ESBL-producing isolates increased
gradually until 2007 and then abruptly over the next 3 years (Fig.
2). E. coli ST131 accounted for 0 to 44% of ESBL-producing iso-
lates between 2000 and 2007, with an exponential increase in this
proportion from 2007 to 2010 (44 to 77%). Thus, E. coli ST131 has
made a major contribution to the significant increase in blood-
stream infections caused by ESBL-producing E. coli since 2007 in
Calgary. The dynamics of seven different pulsotypes (arbitrarily
called A-1 to A-6 and B) of E. coli ST131 isolates were character-
ized. Pulsotype A-3 appeared in 2000. It persisted throughout the
study and became one of the three major pulsotypes present since
2009. Pulsotype A-1 appeared in 2003 and persisted throughout
the study. Pulsotypes A-4 and A-5 appeared in 2005 and persisted
throughout the study, but pulsotype A-5 became the predominant
pulsotype in 2009 and 2010. Pulsotype A-6 appeared in 2007, and

its proportion has increased annually, reaching the same levels as
pulsotype A-3 in 2010. Finally, pulsotype B, which includes E. coli
ST131 isolates and was not detected with the PCR for the pabB
allele (see “Screening methods for detecting the E. coli ST131 clone
and subclones” above), appeared in 2008 and was present in 2009
but was not detected in 2010. The authors checked that the ESBL-
producing E. coli isolates were not clustered around a particular
acute-care center or part of Calgary, thereby excluding patient-to-
patient transmission in a hospital environment. This Canadian
description is reminiscent of that reported by Johnson et al. for
international E. coli ST131 isolates collected between 1997 and
2011 (36).

A 7-year retrospective study in Israel yielded results similar to
those obtained in Calgary: an increase in the attack rate (per
10,000 admissions) of ESBL-producing E. coli isolates among
cases of community-acquired bloodstream infections, an increase
in ESBL production among E. coli isolates causing community-
acquired bloodstream infections, and an increase in the propor-
tion of E. coli ST131 isolates among these ESBL-producing isolates
(25% in 2003, 61% in 2007, and 85% in 2009) (163). These find-
ings suggest that E. coli ST131 made a large contribution to the
relative increase in community-acquired bacteremia due to ESBL-
producing E. coli isolates in Israel since 2003. This conclusion is
supported by the absence of detection of this clone in a collection
of nosocomial ESBL-producing E. coli isolates obtained before
2003.

Based on the findings of these three studies, E. coli ST131 seems
to have appeared around 2003, subsequently accounting for an
increasing proportion of ESBL-producing E. coli isolates.

Prevalence of E. coli ST131 among human fecal isolates. The
digestive tract is the principal reservoir of extraintestinal patho-
genic E. coli, but only a few studies (Table 8) have investigated the
colonization of the digestive tract with E. coli ST131 isolates, re-
gardless of their ESBL production and fluoroquinolone resistance
status. Kudinha et al. showed that 1% of healthy children and 4%
of women of reproductive age carried E. coli ST131 in their intes-
tinal tracts in 2010 to 2011 in Australia (22, 159). A higher preva-
lence, 7% in 2006 and 14% in 2011, was observed for the predom-
inant fecal E. coli of healthy subjects living in the Paris area and
visiting the same check-up center for the two time points consid-
ered (53, 165). The difference in prevalence between Australian
and Parisian subjects may reflect a difference in age, with the Pa-
risian population consisting of adults with a mean age of 55 years
(�12). The higher prevalence in 2011 than in 2006 for Parisian
subjects probably reflected the predominant fecal E. coli popula-
tion of a single subject, consisting of ESBL-producing E. coli
ST131.

Five studies have assessed the prevalence of E. coli ST131
among ESBL-producing or fluoroquinolone-resistant E. coli iso-
lates colonizing the digestive tracts of different subjects. This prev-
alence was found to be 7 and 9.5% in the general populations of
China (2009) and France (2011), respectively (164, 165). It was
26% among patients managed by a primary care center in Swit-
zerland and about 40% in European patients from rehabilitation
units (2008 to 2009) (87, 167). The prevalence was very high in
nursing home residents, i.e., 44% in Germany (2010 to 2011) and
98% in the United Kingdom (2005 to 2006) (87, 166), and in
children from day care centers (44%) in France (24). In 2001 to
2002, Severin et al. investigated the rectal carriage of ESC-resistant
Enterobacteriaceae in 3,995 people from two cities in Java (Indo-

FIG 2 Dynamics of bacteremia ESBL-producing Escherichia coli isolates and
proportion of ST131 E. coli isolates between 2000 and 2011 in Calgary (Can-
ada) (84). The curve represents the percentage of ESBL-producing E. coli iso-
lates and the histogram the proportion of E. coli ST131 among these isolates.
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nesia), comprising three groups of patients and one group of
healthy subjects (168). However, none of the CTX-M-15-positive
E. coli isolates (corresponding to 50% of the ESBL-producing iso-
lates) belonged to clone ST131 in any of the population groups
studied. Thus, the prevalence of fecal ESBL-producing E. coli
ST131 carriage in healthy subjects seems to vary considerably with
the population and study year.

The two ESBL-producing E. coli isolates detected in the diges-
tive tracts of the Parisian healthy subjects in 2006 did not include
ST131 strains, but such strains accounted for 8% of the fecal fluo-
roquinolone-resistant E. coli isolates detected in this population
(53). This strongly suggests that the fecal population of E. coli
ST131 acquired resistance to fluoroquinolones well before it be-
came resistant to ESC through ESBL acquisition, as suggested by
Johnson et al. for clinical isolates of E. coli ST131 (43).

Further studies are therefore required to evaluate the world-
wide prevalence of E. coli ST131 as the dominant E. coli population
in healthy subjects. Indeed, if clone ST131 is the predominant E.
coli population in a large proportion of human beings worldwide,
the successful elimination of ESBL-producing bacteria will re-
quire a worldwide public health care strategy.

Molecular epidemiology of E. coli ST131 and E. coli ST131
subclones. The relationships between virotypes and phenotypic,
genotypic, epidemiological, or clinical traits have been established
(32). All isolates of virotypes A and B and 63% of those of virotype
C produced CTX-M-15, whereas none of the virotype D isolates
were found to produce this enzyme (P � 0.001 for all comparisons
with virotype D). In contrast, virotype D isolates produced group
CTX-M-9 enzymes, SHV-12, and CTX-M-32. Ciprofloxacin re-
sistance was significantly associated with virotype A, B, and C

isolates. A cross analysis of pulsotypes and virotypes revealed four
major clusters, which were largely virotype specific. All virotype A,
B, and C isolates considered contained fimH30 and an ISL3-like
transposase in the fimB gene, whereas all the virotype D isolates
studied had a fimH22 gene and no ISL3-like transposase in the
fimB gene. The associations of the four virotypes with demo-
graphic data and with the acquisition and type of infection have
also been explored. Virotype B has been shown to be significantly
associated with older patients and a lower likelihood of symptom-
atic infections, specifically for urinary tract infection, whereas vi-
rotype C was significantly associated with a higher likelihood of
symptomatic infection. Virotype D was significantly associated
with younger patients and community-acquired infections. Viro-
types A and B displayed a significantly stronger association with
nursing home residents than did virotypes C and D. Various teams
have applied similar epidemiological approaches to ST131 sub-
clones H30, H30-R and H30-Rx. All of these studies used the CH
clonotyping method to identify the ST131 clone and its subclones
(41). Banerjee et al. (46) found, in an investigation of 299 consec-
utive nonduplicate extraintestinal E. coli isolates collected in Ol-
msted County (MN, USA), that the H30 ST131 subclone was par-
ticularly common in very young children, older people, and health
care-associated infections and among antimicrobial drug-resis-
tant E. coli isolates, whereas non-H30 ST131 and other well-
known pathogenic lineages (ST95, ST73, ST127, and ST69) were
common in older children, young adults, and community-ac-
quired infections and among antimicrobial drug-susceptible iso-
lates. Blanc et al. found that the H30 ST131 subclone predomi-
nated among fecal ESBL-producing E. coli ST131isolates from
children attending day care centers in France (24). In another

TABLE 8 Prevalence of subjects carrying Escherichia coli ST131 in the digestive tracta

Country(ies) Study period Study and population characteristics

% of E. coli ST131 among
fecal E. coli isolates

Reference(s)FQr ESBL� Overall

UK 2005-2006 Prospective study, 16 private nursing homes (Belfast), fecal
samples, 294 residents, 119 with fecal ESBL� E. coli
isolates

98 78, 92

France 2006 Prospective study, stools, 2 and 51/332 healthy subjects
(Paris area) with fecal ESBL� and FQr E. coli isolates,
respectively

8 0 7 53

France, Italy, Spain,
Israel

2008-2009 Prospective study,b rehabilitation units, rectal swabs, 356
ESBL� E. coli isolates

41 87

China 2009 Prospective study, stools, 55 of 109 healthy subjects with
fecal ESBL� E. coli isolates

7 164

France 2011 Prospective study, stools, 21/345 healthy subjects (Paris
area) with fecal ESBL� E. coli isolates whose ST was
compared with the ST of E. coli dominant population

9.5 14 165

Australia 2009-2011 Prospective study, children (clinics and hospitals), 115
fecal isolates

1 159

Australia 2009-2011 Prospective study, reproductive-age women, 330 fecal E.
coli isolates

4 22

Germany 2010-2011 Nursing home, 240 residents, fecal samples, 25 ESBL� E.
coli isolates

44 166

Switzerland 2012 Prospective study, primary care, rectal swabs, 291 patients,
15 with ESBL� fecal E. coli isolates

26 167

France 2012 Prospective study, day care center children, stools, 419
children, 27 ESBL� E. coli isolates

44 24

a Abbreviations: ESBL�, ESBL producing; FQr, Fluoroquinolone resistance.
b European Union-funded project MOSAR.
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study by Banerjee et al. (161) in Chicago, the H30 ST131 subclone
was found to have expanded more widely in the study region than
non-H30 ST131 subclones, and CTX-M-15-producing ST131 iso-
lates were found to be confined almost exclusively to the H30-Rx
subclone. These isolates had higher VF scores than non-ST131
isolates. In addition, three VF genes (the iha, sat, and iutA genes)
were found to be more prevalent among H30 than among non-
H30 ST131 isolates. Colpan et al., who screened for E. coli ST131 in
veterans from 24 veteran medical centers in the United States, also
observed a high prevalence of clone ST131 and subclone H30-R
(45). Price et al. assessed the relative prevalences of H30-R and
H30-Rx subclones among 261 urine E. coli isolates from different
patient sources and locations. They found that H30-Rx had the
highest prevalence among the German hospital isolates (H30-
Rx � H30-R), an intermediate prevalence among United States-
based hospital isolates, and the lowest prevalence among United
States-based outpatient isolates (115). For the 162 U.S. isolates
included in the study by Price et al., information about the pres-
ence or absence of clinically diagnosed sepsis was available. The
rate of sepsis diagnosis was significantly higher for patients in-
fected with H30-Rx strains than for those infected with non-H30-
Rx, H30-R, non-H30 ST131, or non-ST131 strains.

These molecular analyses thus suggest that the distribution of
E. coli ST131 subclones depends on the location at which the in-
fection began (community/hospital), patient age, and antibiotic
susceptibility of the isolate. These findings, with considerable im-
plications for medical practice, require confirmation from studies
on other populations in different countries.

Animal- and Food-Borne E. coli ST131

There have been very few reports on E. coli ST131 from either
animals (healthy or sick) or foods (Table 9).

Prospective, targeted cohort studies are rare in veterinary med-
icine, so many of the published data were obtained in passive
surveys or with opportunistic, nonrepresentative sampling meth-
ods. The prevalence of animal colonization (intestinal carriage) or
infection with ST131 E. coli isolates, regardless of their suscepti-
bility/resistance status for ESC and/or fluoroquinolones (FQ),
therefore remains unclear. In such a context, it is difficult to assess
the contribution of animal E. coli ST131 to the global expansion of
E. coli ST131 in humans (including the differential expansion of
certain ST131 subclones).

E. coli ST131 in pets. The first report of an animal source of E.
coli ST131 was published in 2009 and concerned a dog suffering
from a UTI in Portugal. The isolate obtained from the dog was
resistant to FQ and harbored the blaCTX-M-15, qnrB2, and aac(6=)-
Ib-cr genes on an IncFII plasmid (113). This finding was inter-
preted as indicating the possible entry of the emerging, virulent
human ST131 clone into the animal population, due to the prox-
imity between pets and their owners, facilitating human-to-ani-
mal transfer. Other E. coli ST131 isolates have subsequently been
reported in other pets. Some of these isolates produced ESBL,
whereas others did not, and some reports were sporadic, whereas
others emerged from large-scale studies. In the United States, non
ESBL-producing but FQ-resistant ST131 isolates were recovered
from a dog and two cats with UTI from the same household (124).
All three animals were infected with the same ST131 strain, indi-
cating a probable exchange between the animals.

In a large international study, E. coli ST131 accounted for 5.6%
of the 177 ESBL-producing E. coli clinical isolates obtained from

various animal species (mostly cats, dogs, and horses with UTI,
wound infections, and diarrhea) from eight European countries
(170). With the exception of an E. coli ST131 isolate producing the
SHV-12 enzyme, all these isolates produced CTX-M-15, and most
clustered with a human CTX-M-15-producing E. coli ST131 iso-
late included in the analysis for the purposes of comparison. In
Australia, E. coli ST131 accounted for 7.2% of 125 FQ-resistant E.
coli clinical isolates from companion animals (essentially dogs)
(172). These FQ-resistant ST131 isolates were genetically closely
related to non-FQ-resistant ST131 isolates recovered from the fe-
cal flora of hospitalized dogs in Australia (173). In Japan, ST131
strains were recently found to account for 12% of 33 cefazolin-
resistant E. coli clinical isolates from dogs and cats, and all the
ST131 isolates produced CTX-M-27 (171). In France, a single
ST131 isolate was found among 14 ESBL-producing E. coli isolates
from pets, even though many of the non-ST131 E. coli isolates
carried the blaCTX-M-15 gene on IncFII plasmids abundant in hu-
man ST131 E. coli isolates (196). The low prevalence of ST131 in
France is consistent with data from the Netherlands, Switzerland,
and South Korea (174–176). Albrechtova et al. recently showed
that the dogs of nomadic pastoralists in northern Kenya harbor
CTX-M-15-producing ST131 E. coli isolates, indicating possible
human-to-animal transfer (177).

E. coli ST131 in food animals and foodstuffs. Only a few stud-
ies have investigated the presence of E. coli ST131 in food animals.
One FQ-susceptible, non-ESBL-producing E. coli ST131 isolate
was identified among 101 (0.9%) E. coli isolates from healthy
chickens and turkeys in Italy (197). Schink et al. (178) identified
one E. coli ST131 isolate among 22 ESBL producers in a collection
of 1,378 E. coli isolates from various animals (mostly pigs, poultry,
and cattle). A single E. coli ST131 isolate was found in a pig with a
gastrointestinal infection. This E. coli ST131 isolate harbored an
IncN plasmid encoding CTX-M-1 (178). E. coli ST131 isolates
producing CTX-M-9 have occasionally been recovered from
poultry feces. In some of these instances, the animal isolates have
presented a certain similarity to human ST131 isolates (181).
Mora et al. (35) reported on CTX-M-9-producing E. coli ST131
among poultry E. coli isolates collected in different countries dur-
ing different time periods. Three (0.2%) of the 1,601 E. coli isolates
collected from diseased poultry in Spain, France, and Belgium
between 1991 and 2001 belonged to clonal group ST131, none
produced ESBL, and two were resistant to quinolones. One (1.8%)
of the 57 fecal E. coli isolates collected from healthy chickens in
Spain in 2003 was an FQ-susceptible, CTX-M-9-producing E. coli
ST131 isolate. Finally, seven (1.5%) of the 463 E. coli isolates col-
lected from diseased chickens in Spain between 2007 and 2009
were E. coli ST131, and two isolates produced CTX-M-9 and were
susceptible to FQ (35). E. coli ST131 was also found in a pig in
Denmark (198). In contrast, no ST131 isolates were identified by
Wu et al. among 39 clinical isolates of E. coli from cattle, sheep,
chicken, and pigs (179). Randall et al. also identified no such iso-
lates among 388 broiler chicken cecal samples and 442 turkey
rectal swab samples (180). E. coli ST131 was not found in cases of
mastitis in cattle (183) or in veal calves in the Netherlands (184)
and France (187). The O25b PCR excluded the presence of E. coli
ST131 from 896 commensal E. coli isolates from 326 pigs, 316
chickens, 88 cattle, 58 ducks, 22 geese, 61 pigeons, and 25 par-
tridges in China (188).

E. coli ST131 also appears to be very rare in foodstuffs of animal
origin. Vincent et al. reported a single non-ESBL-producing
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TABLE 9 Escherichia coli ST131 isolates in animal and food sourcesa

Source and country(ies) Study period Study design

No. of
ST131
isolates/total FQr ST131

ESBL/AmpC gene(s) in
ST131 Reference(s)

Companion animals
Portugal 2004-2006 61 UTI E. coli isolates, 41 dogs and 20 cats 1/61 Yes CTX-M-15 89, 113
United States 2008 Dogs and cats in the same household (index

case plus colonization)
3/6 Yes No 169

France 2006-2010 19 ESBL-producing E. coli isolates among 518
clinical dogs and cats

1/19 Yes CTX-M-14 196

Europe (8 countries,
mainly Germany)

2008-2009 177 ESBL-producing E. coli isolates (mostly
cats, dogs, horses)

10/177 Mostly yes Mostly CTX-M-15 170

Japan 2011 33 cefazolin-resistant ExPEC isolates, dogs and
cats

4/33 ND CTX-M-27 171

Australia 2007-2009 125 clinical FQr ExPEC isolates, 120 dogs and
5 cats

9/125 Yes ND 21, 172

Australia 2009 123 hospitalized dogs, 23 carrying FQr E. coli
isolates

2/123 Yes ND 173

Switzerland 2010-2011 107 UTI E. coli isolates, 59 dogs and 40 cats, 4
with ESBL/AmpC-producing E. coli isolates

0/107 NA NA 174

Korea 2006-2007 628 E. coli, 422 stray and 206 hospitalized dogs,
34 carrying ESBL/AmpC-producing E. coli
isolates.

0/34 NA NA 175

The Netherlands 2007-2009 2,700 clinical Enterobacteriaceae isolates from
mostly dogs, cats, and horses, 65 carrying
ESBL/AmpC-producing E. coli isolates

1/65 Yes CTX-M-15 176

Kenya 2009 49 ESBL-producing E. coli isolates, dog and cat
carriers

3/49 Yes CTX-M-15 177

Food-producing animals and
foodstuffs

Germany 2006-2007 1,378 clinical E. coli isolates, mostly swine,
poultry, cattle (1,167), 22 with ESBL/
AmpC-producing E. coli isolates

1/22 No CTX-M-1 178

England and Wales 1999-2008 39 clinical ExPEC isolates, mostly cattle 0 NA NA 179
England, Wales, Scotland 2008-2009 388 broilers and 442 turkeys (carriage) 0 NA NA 180
Spain 2003 86 ESBL/AmpC-producing E. coli isolates, 59

from floors of poultry farms, 27 from pig
farms

1 (poultry) ND CTX-M-9 181

Italy 2009 101 E. coli, 91 from healthy chickens and 10
from healthy turkeys

1 No ND 182

Spain 2007-2009 463 chicken E. coli clinical isolates 7/463 No CTX-M-9 (n � 2) 35
Spain, France, Belgium 1991-2001 1,601 avian E. coli clinical isolates 3/1,601 Yes (n � 2) No
Spain 2003 57 healthy chicken E. coli isolates 1/57 No CTX-M-9
France 2009-2011 1,745 E. coli clinical isolates from cattle

mastitis screened for ESBL/AmpC-
producing E. coli isolates

0 NA NA 183

The Netherlands 2009 399 calves, 3 veal calf farms with fecal ESBL-
producing isolates

0 NA NA 184

The Netherlands 2006 27 ESBL-producing E. coli isolates from
poultry

0 NA NA 185

The Netherlands 2009 158 ESBL-producing E. coli isolates from
chicken, other meat and human samples

In human
samples
only

NA NA 186

France 2007-2009 77 clinical ESBL-producing E. coli isolates
from calves of which were 9 CTX-M-15
producers

0 NA NA 187

China 2007-2009 896 commensal E. coli isolates from pigs,
chickens, and others

0 NA NA 188

Canada 2005-2007 417 E. coli isolates from retail meat 1 ND ND 189
South America 2008 141 ESBL/AmpC-producing E. coli isolates

(raw chicken meat)
0 NA NA 190

Spain 2010 33 chicken and turkey meat samples 0 NA NA 191
Spain 2009-2010 100 retail chicken meat samples 7/100 Yes (n � 4) CTX-M-9 (n � 4) 35

Animals living on the wild
Russia 2008 532 E. coli isolates from wild birds screened for

ESBL-producing isolates
1 ND CTX-M-15 192

Portugal 2007-2008 45 ESBL-producing E. coli isolates from
seagulls

4/45 ND CTX-M-32, CTX-M-15,
CTX-M-1

193

Czech Republic 2006-2008 499 E. coli isolates from cormorants screened,
among which 8 ESBL producers

2/8 Yes CTX-M-27 194

Germany 2009 66 urban rats (carriage) 1/66 Yes CTX-M-9 195

a Abbreviations: UTI, urinary tract infection; ESBL, extended-spectrum �-lactamase; FQr, fluoroquinolone resistant; AmpC, cephalosporinase; ExPEC. extraintestinal pathogenic E.
coli; NA, not available; ND, not determined.
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ST131 isolate from 417 retail chicken samples analyzed. This iso-
late was indistinguishable from a human ST131 isolate responsible
for UTI (189). None of the 141 ESBL/AmpC-producing E. coli
isolates from raw chickens imported into the United Kingdom
from South America were identified as ST131 (190). Similarly,
Egea et al. did not detect the ST131 clone among ESBL-producing
E. coli isolates from 33 raw retail meat samples (191). In contrast,
E. coli ST131 was isolated from seven retail chicken meat samples
from the 100 analyzed in Spain (prevalence, 7%). Three of these
isolates both were resistant to FQ and produced CTX-M-9; one
produced CTX-M-9, and one was resistant to FQ (35).

E. coli ST131 in animals living in the wild. Current worldwide
antimicrobial drug resistance data suggest that environmental res-
ervoirs may play a major role in the selection and dissemination of
resistance genes and multidrug-resistant bacteria (199). The prin-
cipal pathways via which drug resistance circulates are unclear.
However, animals living in the wild are almost certainly an under-
estimated vector of resistance. In a series of 532 isolates screened
in Russia (192), one E. coli ST131 isolate was found among four
ESBL-producing E coli isolates from glaucous winged gulls (Larus
glaucescens). E. coli ST131 isolates producing ESBL have also been
obtained from seagulls (4/45 isolates) in Portugal (193) and from
the feces of great cormorants (Phalacrocorax carbo) in Central
Europe (194). The single ESBL-producing E. coli isolate obtained
from 220 Norway rats (Rattus norvegicus) in Germany was an E.
coli ST131 isolate harboring CTX-M-9 (195).

Comparison of E. coli ST131 isolates from human and non-
human sources. With the identification of E. coli ST131 in animals
and foods of animal origin, the possible contribution of nonhu-
man sources to the current expansion of this clonal group of E. coli
in humans has become a major concern (200). Assessment of the
possible interspecies transmission of E. coli ST131 requires specific
studies, which might also generate hypotheses about the primary
reservoir of E. coli ST131.

Several large-scale studies including retail meat and human
samples (rectal swabs and blood cultures) based on MLST have
yielded clusters including both human and poultry isolates, but
with ST131 found exclusively in human samples (185, 186). A
human rather than animal reservoir of ST131 was also strongly
suggested by the findings of a broad survey carried out in the
United Kingdom, the Netherlands, and Germany (179). These
data are consistent with a human primary reservoir of E. coli
ST131.

Other studies of possible interspecies transmission have fo-
cused on molecular comparisons of ST131 E. coli isolates collected
from human and nonhuman sources. The most accurate tool for
such purposes seems to be the determination of PFGE profiles for
the isolates. In two studies based on a large PFGE library of human
ST131 isolates, specific pulsotypes were found to be common to
humans and pets (21, 173). In particular, the 968 pulsotype, the
most prevalent ST131 pulsotype in North America, was found to
predominant in human (7/20) ST131 isolates and companion an-
imal (6/9) ST131 isolates in Australia (21). However, in a survey
carried out in Spain and Portugal, human and dog ST131 isolates
were of 95 pulsotypes, but the 968 pulsotype was restricted exclu-
sively to humans, and only 3% of the other pulsotypes were com-
mon to human and pet E. coli ST131 isolates in Portugal (89). In
another study (170), 6 of 10 companion animal ST131 isolates and
a reference human ST131 strain clustered together but were not
identical. This reference human ST131 strain was also compared

with the single ST131 isolate identified among E. coli isolates from
urban brown rats in Germany. However, the similarity between
these two isolates was not entirely convincing (195). In their com-
parison of 33 human ST131 and 19 poultry ST131 isolates possess-
ing the ibeA gene, Mora et al. found that some human and poultry
isolates had PFGE profiles that were more than 85% similar. How-
ever, these isolates had different virulence genotypes (35).

As demonstrated by the conclusions of a broad international
comparison of ST131 isolates (36), the data available provide little
firm evidence to suggest that animals or foods of animal origin are
likely to constitute the primary reservoir of E. coli ST131. More-
over, as far as the possible interspecies transmission of the ST131
E. coli pandemic clone is concerned, it should be borne in mind
that genetic similarities between E. coli isolates of different origins
(animals and humans, for instance) provide no indication as to
the direction of the transfer.

Environmental E. coli ST131

Recent studies have shown that the intestinal carriage of ESBL-
producing E. coli is frequent in human patients in both hospital
and community settings. The digestive tracts of livestock also con-
stitute a large reservoir of these bacteria. These intestinal ESBL-
producing E. coli isolates are released into the environment either
directly or after treatment at wastewater treatment plants
(WWTP). Quantitative data for ESBL-producing E. coli in hospi-
tal and community effluent discharge and outflow from WWTP
are scarce (201–203). The available data suggest that large quan-
tities of ESBL-producing E. coli are present in the wastewater net-
work and that wastewater treatment significantly decreases both
the total E. coli load and the load of ESBL-producing E. coli. How-
ever, it has been shown that ESBL-producing E. coli may have an
advantage over E. coli not producing such enzymes in water treat-
ment plants, due to the selective pressure exerted by antibiotics in
treatment plants (202). Wastewater treatment plants release large
quantities of ESBL-producing E. coli into the environment in the
outflow water (released into the river) and sludge (used as fertil-
izer) (202, 204).

No overall data are available about the proportions of ST131
isolates (with or without ESBL production) in the E. coli popula-
tions released into the environment. This clone has recently been
detected in antimicrobial drug-resistant populations of E. coli in
the Thames (London) (78) and Llobregat (Barcelona) (205) riv-
ers, in WWTP outflow in Brno (the Czech Republic) (206), and on
Adriatic Sea beaches (Italy) (207). The available prevalence data
for ST131 as a proportion of the total ESBL-producing E. coli
population show this prevalence to be high for the Thames (67%)
and treated outflow water in Brno (73%) but low for Adriatic
beaches (3.5%).

The scarcity and the heterogeneity of the studies published on
this topic make it impossible to draw any firm conclusions about
the amount of E. coli ST131 released into the environment.

FACTORS ASSOCIATED WITH CLINICAL ISOLATES OF E. COLI
ST131

Four studies to date have investigated the factors associated with
clinical isolates of E. coli ST131 (54, 156, 162, 208). These studies
were performed in different countries (Taiwan, one hospital be-
tween 2005 and 2010; France, 10 hospitals from the Paris area
between 2008 and 2009; Spain, all health care centers in the Seville
area in 2010; and the United States, the Mayo Clinic and Olmsted
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Medical Center, the two centers serving Olmsted County, MN, in
2011). These studies differed in terms of the methodologies used.
The study designs were different, with a case-control design used
in France (case, a patient with a CTX-M-producing ST131 E. coli
isolate from any clinical sample; control, a patient with an ESBL-
producing non-ST131 E. coli clinical isolate from any sample) and
in Spain (case 1, a patient with a non-ESBL-producing ST131 E.
coli clinical isolate; control 1, a patient with a non-ESBL-produc-
ing non-ST131 E. coli clinical isolate; case 2, a patient with an
ESBL-producing ST131 E. coli isolate from any clinical sample;
and control 2, a patient with an ESBL-producing non-ST131 E.
coli clinical isolate from any sample) (54, 208). In contrast, cohort
studies were carried out in Taiwan (cases, patients with an ESBL-
producing ST131 E. coli isolate causing bacteremia; controls, pa-
tients with an ESBL-producing non-ST131 E. coli isolate causing
bacteremia) and the United States (cases, patients with an E. coli
ST131 isolate from any sample; controls, patients with a non-
ST131 E. coli isolate from any sample) (156, 162). The number of
E. coli isolates producing ESBL was not mentioned in the Ameri-
can study. However, according to the ceftriaxone resistance data
provided, it is possible to estimate the percentages of isolates pro-
ducing ESBL among ST131 and non-ST131 E. coli isolates at max-
imums of 11% and 4%, respectively. These studies also differed in
terms of the methods used to identify the ST131 clonal group
among E. coli isolates. The MLST method was applied to all E. coli
isolates included in the Taiwanese and French studies (162, 208).
Screening methods were carried out in both the Spanish study
(PCR for 025b rfb and allele 3 of the pabB gene in B2 group iso-
lates) and in the American study (detection of single-nucleotide
polymorphisms of the mdh and gyrB genes associated with the
two-locus clonal typing strategy based on the sequencing of the
fumC and fimH genes in B2 group E. coli isolates) (54, 156). A third

difference concerned the populations included: adult patients in
the Taiwanese, French, and Spanish studies and both adults and
children in the American study. The number and type of variables
also differed between studies. The Taiwanese, Spanish, American,
and French studies investigated 29, 34, 43, and, 64 variables, re-
spectively. All studies included standard demographic data and
medical data: community or hospital acquisition of infection, co-
morbid conditions, and health care-associated variables before
and during current hospitalization, including antibiotic treat-
ment, surgery, and invasive devices. Only the French study took
into account variables linked to the lifestyle of the patient, such as
type of housing, professional status, diet, and travel abroad.

The factors found to be independently associated with clinical
isolates of E. coli ST131 in the four studies are shown in Table 10.
Two factors were associated with bacteremia due to an E. coli
ST131 isolate in the Taiwanese study: secondary bacteremia and
the absence of a urinary tract catheter. This suggests that E. coli
ST131 causes bacteremia from a spontaneous focal infection. De-
spite their use of different methodologies on epidemiologically
different populations, the other three studies consistently identi-
fied several independent factors positively or negatively associated
with clinical isolates of E. coli ST131. Living in a long-term-care
facility (LTCF) was positively associated with clinical isolates of E.
coli ST131 in both the French and American studies. In France,
this factor was associated with ESBL-producing clinical isolates of
E. coli ST131, suggesting that ESBL producers, which made up a
larger proportion of E. coli ST131 isolates (11%) than of non-
ST131 isolates (4%) in the American study, were involved in iden-
tifying the risk factor in this study, in which ESBL- and non-ESBL-
producing E. coli ST131 isolates were not separated for the
analysis. Unfortunately, LTCF residence was not included as a
variable in the Spanish study. All three studies investigated fluo-

TABLE 10 Factors independently associated with an Escherichia coli ST131 isolate

Country
(reference) E. coli ST131 isolate type Variable

Odds ratio (95%
confidence interval) P value

Taiwan (162) Bacteremia, ESBL producers Secondary bacteremia 5.05 (1.05–23.56) 0.0.4
Without urinary catheter 3.77 (1.17–12.18) 0.03
Chronic hepatitis/liver cirrhosis 0.34 (0.07–0.88) 0.05

France (208) CTX-M producers Consumption of poultry �2 times per wk 0.2 (0.1–0.6) 0.002
At last one invasive device in preceding 6 mo 0.3 (0.1–0.7) 0.01
Stay between hospital admission and study inclusion in:

LTCF 4.4 (1.3–14.7) 0.02
ICU 0.2 (0.05–0.8) 0.02

Spain (54) Non-ESBL producers Female gender 1.94 (1.07–3.51) 0.02
Diabetes mellitus 2.17 (1.29–3.67) 0.003
Amoxicillin/clavulanate use 2.07 (1.05–3.96) 0.02
Fluoroquinolone use 2.48 (1.41–4.34) 0.001

ESBL producers Male gender 2.20 (0.94–5.11) 0.06
Health care-related acquisition 0.30 (0.13–0.71) 0.006
Previous antibiotics 0.43 (0.19–1.00) 0.05

US (156) All Age (per 10-yr increase) 1.18 (1.01–1.36) 0.03
LTCF residence 10.00 (3.75–26.68) �0.001
UTI 30 days prior 3.93 (1.77–8.71) �0.001
Complex infectiona 2.43 (1.13–5.21) 0.02
Extended-spectrum cephalosporin 3.34 (1.24–8.97) 0.02
Fluoroquinolones 2.42 (1.19–4.94) 0.02

a Colonization and noncomplex infection were combined to serve as the reference group.
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roquinolone use. This factor was associated with non-ESBL-pro-
ducing E. coli ST131 isolates in Spain and with E. coli ST131 iso-
lates in the United States but was not associated with ESBL-
producing E. coli ST131 isolates in either France or Spain. This
finding highlights the importance of analyzing risk factors sepa-
rately for non-ESBL- and ESBL-producing E. coli ST131 isolates.
The use of amoxicillin-clavulanate or ESC was associated with E.
coli ST131 isolates in the American study and with non-ESBL-
producing E. coli ST131 isolates in the Spanish study. Antibiotic
consumption, regardless of the drug concerned, was not associ-
ated with ESBL-producing E. coli ST131 isolates in the Spanish
and French studies. This result again highlights the need to study
E. coli ST131 isolates with and without ESBL production sepa-
rately.

Health care-associated infection was negatively associated with
ESBL-producing E. coli ST131 isolates in the Spanish study. In the
French study, health care-associated procedures, such as having
had at least one invasive device in the preceding 6 months and
having spent time in an intensive care unit between hospital ad-
mission and inclusion in the study, were also negatively associated
with CTX-M-producing E. coli ST131 isolates. In other words,
patients with health care-associated infections or procedures were
more likely to become infected with non-ST131 than with ST131
strains in cases of infection with an ESBL-producing E. coli isolate.

One striking finding was the negative association between the
consumption of poultry at least twice per week and CTX-M-pro-
ducing clinical isolates of E. coli ST131 in France. This result is not
particularly surprising, given that attempts to detect E. coli ST131
among ESBL-producing E. coli isolates from retail chicken meat
have rarely been successful (35, 186, 190, 191, 209). In contrast,
two STs commonly identified among ESBL-producing E. coli iso-
lates from chicken meat, ST117 and ST354 (189, 209, 210), were
identified among the dominant clonal groups for French CTX-M-
producing non-ST131 clinical isolates (Table 7) (16). Interest-
ingly, ST117 and ST354 (like ST131) were identified as clonal
groups among ESBL-producing E. coli strains carried in the diges-
tive tracts of healthy subjects living in the Paris area (165). These
features together suggest that the source of the ESBL-producing E.
coli clinical isolates is the E. coli ST131 human commensal organ-
ism that acquired ESBL or ESBL-producing E. coli strains (food-
borne and health care-associated ESBL-producing isolates) tran-
siently present in the human digestive tract. However, E. coli
ST131 seems to be the more successful of the two types of ESBL-
producing E. coli, as this clone was highly represented among clin-
ical isolates of ESBL-producing E. coli (Table 5). Further studies
are clearly required to determine the balance between the different
non-ESBL- and ESBL-producing E. coli clonal groups in the hu-
man digestive tract, which is the major reservoir of E. coli strains
causing human infections.

The last notable finding was the lack of association of travel
abroad, which was investigated only in the French study, with
CTX-M-producing E. coli ST131 isolates. In a previous study pub-
lished by the French team that explored the factors associated with
CTX-M-producing E. coli isolates carried out in the same popula-
tion as was used for characterization of the factors associated with
CTX-M-producing E. coli ST131 isolates, travel abroad was also
found not to be associated with CTX-M-producing E. coli isolates.
This team found that another foreign country-related factor was
associated with CTX-M-producing E. coli isolates: being born out-
side Europe (211). However, this factor was not found to be asso-

ciated with CTX-M-producing E. coli ST131 isolates. Finally, al-
though Banerjee et al. identified travel to India, but not to other
countries, as a factor associated with ESBL-producing E. coli iso-
lates in a population-based study performed in Chicago (110),
they did not include this variable in a subsequent study aiming to
identify factors associated with E. coli ST131 isolates in the Olm-
sted County (MN) population (156).

Two important conclusions can be drawn from these studies.
First, future investigations of the factors associated with clone
ST131 should involve separate analyses of isolates with and with-
out ESBL production. Second, it appears to be highly relevant to
take into account factors both positively and negatively associated
with ESBL-producing and non-ESBL-producing clinical isolates
of E. coli ST131. Indeed, investigations of the factors positively
associated with non-ST131 E. coli isolates (i.e., negatively associ-
ated with E. coli ST131 isolates) should improve the characteriza-
tion of E. coli ST131 and provide insight into the reasons for its
global success.

TREATMENT AND PREVENTION

Treatment

In this context of worldwide multidrug resistance in E. coli isolates
and with only a few new antimicrobial molecules in the pipeline,
empirical treatment guidelines, particularly for community-ac-
quired urinary tract infections (UTI), require regular, locally up-
dated surveys on the true prevalence of these isolates. In addition,
antibiotic prescribers should be aware of the risk factors for infec-
tion with ESBL-producing E. coli isolates, including E. coli ST131,
and should adapt their prescriptions accordingly (110, 156, 208,
211–213).

This review, focusing on E. coli ST131, shows that this clonal
group predominates among multidrug-resistant E. coli isolates
(i.e., isolates producing the ESBL CTX-M-15 and resistant to fluo-
roquinolones) and among fluoroquinolone-resistant isolates. As
the ST131 clone has now spread worldwide and non-ST131 E. coli
isolates are displaying marked resistance to fluoroquinolones (Ta-
bles 2 and 3), alternative treatments are now required to treat
community-acquired urinary tract infections, particularly in el-
derly patients, the group most likely to carry E. coli ST131.

If the recommendations of the Infectious Diseases Society of
America and the European Society of Microbiology and Infectious
Diseases (214) for the treatment of acute uncomplicated cystitis in
women (nitrofurantoin, trimethoprim-sulfamethoxazole, fosfo-
mycin trometamol, or pivmecillinam) are followed, high rates of
cure could be expected for cystitis due to ST131 for all molecules
other than trimethoprim-sulfamethoxazole. Indeed, a significant
or high proportion of ST131 isolates, depending on the country
(Tables 2 and 3), have already been shown to be resistant to trim-
ethoprim-sulfamethoxazole. The evolution of resistance to the
other recommended molecules should be monitored continually.
Oteo et al. showed that the increase in fosfomycin resistance ob-
served in Spain from 2004 to 2008 in ESBL-producing urinary
isolates was essentially due to the acquisition of fosfomycin resis-
tance by E. coli ST131 isolates (215).

No study has yet prospectively or retrospectively collected data
on the treatments used to cure different types of infections due to
E. coli ST131isolates or provided information about the success or
failure rates for a given treatment. One way of determining which
molecules are commonly used to cure severe infections due to E.
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coli ST131 isolates would be to look at published case reports,
such as those cited in this review. Most of these cases were infected
with non-ESBL-producing E. coli ST131, so ESC treatment was
possible. Carbapenems were used in cases in which the E. coli
ST131 isolate produced CTX-M-15 (121–123). An increase in the
number of infections with ESBL-producing Enterobacteriaceae has
led to an increase in carbapenem consumption. Carbapenem-re-
sistant Enterobacteriaceae, including those producing carbapen-
emases, have emerged in recent years. E. coli ST131 isolates
harboring carbapenemases have already been reported (64, 81,
98–102). This finding highlights the need to find new treatments
for infections with E. coli ST131 isolates. Pouillot et al. assessed the
efficacy of bacteriophage therapy against the CTX-M-15-produc-
ing, fluoroquinolone-resistant E. coli ST131 strain S242 in exper-
imental sepsis and meningitis models (216). In the sepsis model,
they found that 100% of the rats survived when the bacteriophage
was injected at 7 h postinfection, whereas only 50% survived when
the bacteriophage was injected at 24 h postinfection. They identi-
fied a mutant of strain S242 that was phage resistant. In the men-
ingitis model, they found that bacteriophage injection at 1 h
postinfection resulted in sterile cerebrospinal fluid (CSF) samples
24 h later for all rats, with 100% of the rats still alive on day 5.
The initiation of phage treatment at 7 h postinfection resulted in
the survival of 100% of the infected rats on day 5, but 60% of the
surviving rats were CSF positive for S242 on days 1 and 5, with a
phage-resistant mutant present together with the initial strain on
day 5. This therapeutic strategy is far from optimal at the moment
but could provide an alternative approach to treatment to cure
severe infections due to multidrug-resistant E. coli ST131. Totsika
et al. explored another new treatment directed against the uro-
pathogenic strain EC958 in mouse models of acute and chronic
urinary tract infections (UTI). After showing that the E. coli ST131
strain EC958 could invade bladder epithelial cells, persist in the
bladder, and induce chronic UTI due to FimH, the type 1 fimbrial
adhesion (129), they used a low-molecular-weight compound to
inhibit FimH (217). They showed that a single oral dose of this
molecule significantly decreased bacterial colonization of the
bladder and prevented acute UTI in a mouse model. However, the
use of this molecule in chronically infected mice decreased
the bacterial load in the bladder by only three orders of magni-
tude. The use of a FimH inhibitor seems to be an effective method
of preventing UTI. It would be interesting to assess its efficacy in
combination with antibiotics administered to inhibit or kill the
bacteria released from urine. It would also be of interest to evalu-
ate the impact of FimH inhibitors on gut colonization. Indeed, gut
colonization is the first stage in E. coli ST131 pathogenesis, as in all
infections with uropathogenic E. coli.

Prevention

Gut colonization is also the primary condition favoring the trans-
mission of E. coli ST131 between hosts. The similar frequencies of
E. coli ST131 isolations from patients with community- and hos-
pital-acquired infections since the first decade of this century have
led to suggestions that the dissemination of E. coli ST131 in the
community has largely contributed to its global success (218, 219).
Hilty et al. clearly showed that E. coli ST131 could be transmitted
between hospitalized patients and other members of their house-
holds (91). In particular, they found that ST131 was more fre-
quently transmitted to household than to hospital contacts. The
development of measures to prevent E. coli ST131 transmission in

the community thus presents a new, major challenge in the do-
main of public health. These measures will undoubtedly require
improvements in basic hygiene practices within households.

CONCLUSION

After 50 years of the widespread use of huge amounts of antibiot-
ics (an unprecedented occurrence in the world of bacteria) to treat
human and animal infections and to enhance livestock growth, we
are now seeing the global emergence of E. coli clone ST131, which
is resistant to both fluoroquinolones and ESC due to the produc-
tion of the ESBL CTX-M-15. The expansion of this clone has led to
a worldwide increase in ESBL-producing E. coli isolates in both
community and hospital settings since early 2000.

The success of this clone could therefore be attributed to its
virulence and adaptation to humans. Indeed, it is rarely isolated
from the environment, foodstuffs, or animals, with the exception
of pets, probably due to their proximity to household members,
which may therefore be involved in the transmission of E. coli
ST131 within households. ST131 is the most competitive of the
group B2 E. coli clones known to colonize the human digestive
tract and cause human urinary tract infections, in terms of its
ability to adhere to intestinal, bladder, and kidney epithelial cells.
However, the bacterial traits underlying these virulence properties
remain unknown because no study has yet established a correla-
tion between virulence potential and VF gene carriage. One of the
more remarkable features of E. coli ST131 is its low level of core
genome recombination. This feature is also found in Shigella spp.,
a subset of E. coli with a niche restricted to the human digestive
tract, and E. coli O157, a globally successful human pathogen
with a niche restricted to the recto-anal junction in livestock. A
more detailed understanding of the specific ecological niche of E.
coli ST131 would be of considerable interest, particularly as E. coli
ST131 has been identified as the predominant population of E. coli
in the digestive tracts of healthy subjects. Despite its low core
genome recombination capacity, clone ST131 remains the only
group B2 E. coli clone to have been shown to evolve under antibi-
otic pressure by acquiring chromosomal fluoroquinolone resis-
tance and plasmids encoding CTX-M enzymes. It remains unclear
why B2 ST131 clones differ from other group B2 clones (e.g., ST73
and ST95) in their carriage of genes encoding CTX-M enzymes.
The possibility of this clone being able to acquire plasmids encod-
ing carbapenemases at some point in the future is, clearly, a matter
of major concern.
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