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Introduction

Escherichia coli sequence type 131 (ST131) is a pandemic multidrug resistant (MDR) strain
that has had unprecedented global expansion in the last decade and is now the predominant
resistant E. coli in both the adult and pediatric populations [1]. ST131 has been associated with
a variety of invasive infections, resulting in higher healthcare costs and increased morbidity
and mortality. These strains produce extended-spectrum B-lactamases (ESBLs), usually
encoded by large plasmids, which can severely limit treatment options, delaying adequate ther-
apy and increasing the use of last-resort antimicrobials such as carbapenems and colistin [2].
They are most commonly associated with CTX-M-15, a broad spectrum cephalosporinase. It is
estimated that overall prevalence ranges from 12%-30% of all E. coli isolates, 70%-80% of fluo-
roquinolone-resistant E. coli isolates, and 50%-60% of all ESBL-producing E. coli isolates [3].
Rates of asymptomatic fecal carriage in the community are increasing worldwide, though the
exact bacterial or host factors involved are not fully understood. Although ST131 strains are
not thought to be hypervirulent, they are rapidly transmitted between hosts and are persistent
gut colonizers [4-7]. In mouse models, they can out-compete commensal E. coli to colonize
the gut [8].

The population structure of ST131 has recently been defined by using whole-genome
sequencing (WGS) data, either with classification into clades A, B, or C or by the fimH alleles.
Most ST131 strains fall with the 2 subclades of C1 and C2, corresponding to presence or
absence of the CTX-M-15 beta-lactamase [9]. The most common fimH variants are fimH30
and fimH22 [9].

This article provides a broad overview of the ST131 colonization and transmission patterns,
associated antimicrobial resistance (AMR) plasmid types, and current knowledge about its vir-
ulence and metabolism potential.

ST131 is adept in colonizing the gastrointestinal tract of relatively
healthy people even in the absence of antibiotic exposure

Given the potential consequences and severity of bacterial infections in neonates and infants,
there is an urgent need to characterize ST131 colonization patterns in this population. A pro-
spective cohort study on 80 twins and their mothers from the United States found that over a
2-year period, 18% of children and 20% of mothers had ciprofloxacin-resistant E. coli in at
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least one stool sample, with 91% of these E. coli being ST131 [10]. Maternal gut colonization
with ciprofloxacin-resistant E. coli at the time of delivery was found to be significantly associ-
ated with colonization in twins, suggesting that these strains are adept in perinatal transmis-
sion. Interestingly, perinatal antibiotic use in mothers or early-life antibiotic exposure in
infants was not significantly associated with gut colonization. Once acquired, these ESBL-pro-
ducing E. coli, including ST131, can colonize the infant gut for several months (median of 7.5
months) [11]. The impact of ST131 colonization on invasive infections in infants is not
known. However, given that gut bacteria can easily translocate across the epithelial barrier to
cause disease, especially in premature infants, colonization with ST131 can be postulated to
increase morbidity and mortality in this age group.

Overseas travel to regions with a high prevalence of ESBL-producing E. coli also appears to
be inextricably linked to colonization. A Swedish study found that 32% of previously ESBL-
producing E. coli-negative travelers were positive on return from Turkey, Southeast Asia,
India, and North Africa, with traveler’s diarrhea and use of antibiotics during the trip found to
be positively associated with colonization upon return [12]. However, in this adult population
colonization appears to be transient, with only 25% and 11% remaining colonized at 6 and 12
months, respectively, in one study [5].

ST131 can be transmitted between people of all ages and in both
the community and hospital settings

A case study found that in a 6-member household, urinary tract infections (UTIs) in 2 young
children caused by an ESBL-producing ST131 E. coli strain led to colonization of every mem-
ber of the household in at least 2 out of 3 sampling timepoints over 19 weeks [13]. A Spanish
case-control study of index patients with community and nosocomial ST131 infections found
that transmission to a household member was positively associated with the household mem-
ber’s use of a proton pump inhibitor and a higher age of the index patient [14]. Among hospi-
tal contacts, being dependent for basic activities or having a urinary catheter was associated
with colonization. Antibiotic use was not found to be associated with household or nosocomial
transmission.

Consumption of animal products may also be a cause of ST131 colonization in humans,
though the transfer of this strain to humans has not been definitively shown. A study of meat
products in Arizona found that 27 of 2,452 meat samples were positive for E. coli ST131-H22
subclone [15].

Plasmid types associated with ST131

Plasmids are classified based on their incompatibility (Inc) group. Acquisition of ESBL gene-
containing plasmids by horizontal transmission is the most common mechanism of resistance
among ST131 strains. Most plasmids encoding ESBLs belong to the incompatibility type F
(IncF) family [16]. These plasmids are known to also carry multiple antibiotic resistance genes,
including those that produce resistance against fluoroquinolones, macrolides, and aminogly-
cosides, making strains that harbor these plasmids difficult to treat [17]. IncF plasmids also
carry multiple nonresistance genes involved in virulence (such as those associated with iron
homeostasis and enterotoxin production), fertility (such as the traT, which encodes a conjugal
transfer protein), and toxin/antitoxin systems that actively ensure maintenance of plasmids in
each bacterial generation [18].

Traditional dogma dictates that acquisition of resistance genes is associated with a fitness
cost. However, ESBL-producing ST131 strains do not seem to have a fitness defect [19]. This
may be due to their plasmids carrying genes important for host survival, as mentioned
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previously. Alternately, recent evidence suggests that plasmids harbored by ESBL-producing
ST131 may also interact and regulate chromosomally encoded pathogenic factors. Schaufler
and colleagues identified certain strains with improved biofilm formation and a decrease in
motility in the presence of their respective ESBL-encoding plasmids [19]. The decrease in
motility was speculated to be due to more efficient use of nutrients, eliminating the need to
swim to the peripheral zones to access richer nutrition.

The virulence and metabolic fithess of ST131 strains is variable
and does not fully explain the success of ST131

ST131 is not a hypervirulent strain and may, in some cases, be less virulent than other known
uropathogenic E. coli (UPEC) strains [20]. However, the subclone ST131-H30Rx is reported to
have a higher virulence score, even though it is not associated with a significant impact on clin-
ical outcomes. Based on this, it seems likely that the success of ST131 in becoming a global
pandemic strain is not related to its ability to cause disease.

Multiple studies have also investigated the metabolic fitness of ST131 strains as a possible
explanation for the ability of this strain to be transmitted efficiently. Gibreel and colleagues
studied 300 UPEC isolates collected between 2007 and 2009. Of these, 37 were found to be
ST131. Using the Vitek 2 compact Automated Expert System (AES) (bioMérieux) they con-
ducted 47 biochemical tests that were designed to test the ability of the strains to utilize carbon
sources, as well as their enzymatic activity [20]. ST131 strains were found to have a signifi-
cantly higher positive test score than non-ST131 strains. Unweighted pair group method using
average linkages (UPGMA) cluster analysis based on biochemical profiles showed that most
ST131 clones cluster together and were closely associated with antibiotic resistance. Compari-
son of ST131 and commensal E. coli strains in a murine model of gut colonization also showed
that ST131 was able to out-compete the latter strain and colonize the gut without inducing a
significant host immune response [8].

However, work done by other research groups has not shown the same strong correlation
of ST131 strains with higher metabolic activity. Alqasim and colleagues showed that among
the 50 UPEC isolates they studied, of which half were ST131, metabolic activity did not cluster
according to the strain type [21]. Another study on 126 E. coli isolates, of which one-third
were ST131, also showed no significant difference in metabolite utilization between ST131 and
non-ST131 strains [22].

Future directions

Although the bacterial factors responsible for the successful global spread of ST131 remain an
enigma, it is becoming clear that this success is largely related to its ability to successfully and
persistently colonize the mammalian gut [20]. Several recent studies have therefore focused on
characterizing the intestinal colonization traits of ST131. Adhesion to the intestinal epithelium
plays a key role in gut colonization and is largely mediated by type 1 fimbriae and their interac-
tion with the manosylated receptors on epithelial surfaces. The expression of fimbriae is phase
mediated in most UPEC strains; however, in ST131, this expression is altered because of the
insertional inactivation of the fimB gene [23]. This mechanism is also important for adherence
and invasion into the uroepithelium and colonization of the mouse bladder in an animal
model of UTI [24].

Ongoing investigations have focused on the role of mannosides in decreasing gut coloniza-
tion with ST131 [6]. Another strategy currently being explored includes the use of UPEC-spe-
cific bacteriophages to reduce the colonization burden of these strains without effecting
normal commensals [25].
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Conclusion

The rapid spread of MDR E. coli ST131 across the world has created new challenges in the
treatment of common community-acquired infections such as UTIs, in addition to increasing
healthcare cost, morbidity, and mortality in hospitalized patients. Its ability to be transmitted
between hosts and persistently colonize the gut even in the absence of antibiotic exposure sug-
gests that traditional antimicrobial stewardship practices will not be sufficient to curb its
spread. Understanding the bacterial and host factors involved in this phenomenon is a critical
first step to limiting the expansion of ST131.
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