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SUMMARY

A systematic review of outbreak and non-outbreak studies of infections caused by extraintestinal
pathogenic Escherichia coli (EXPEC) was conducted. This review examines the epidemiology,
seasonality, source or mode of transmission, and temporal changes, based on E. coli serogroup,
in ExPEC causing sporadic vs. outbreak-associated infections. Twelve outbreak and

28 non-outbreak studies were identified. The existence of EXPEC outbreaks was well supported.
Three of four outbreak reports indicated peak periods during the winter months. Serogroups
associated with outbreak infections ranged from 1% to 26 % (average 11:4%) vs. (range 1-15 %,
average 3-5%) for serogroups associated with sporadic infections; the distribution of serogroups
also differed for outbreak and non-outbreak infections. Study authors indicated that the
outbreaks may have resulted from foodborne transmission, but direct evidence was unavailable.
This review provides evidence that the epidemiology of endemic vs. epidemic EXPEC infections

differs; however, study reporting quality limited epidemiological inferences.

Key words: Epidemiology, extraintestinal infections, E. coli, urinary tract infections (UTIs),

outbreak.

INTRODUCTION

Extraintestinal pathogenic Escherichia coli (EXPEC),
cause a wide spectrum of illnesses including cystitis,
pyelonephritis, bacteraemia, prostatitis and other in-
fections which occur outside the human intestine.
The most common type of infection due to EXPEC is
urinary tract infection (UTT); 70-95% of UTIs are
caused by ExPEC [1-3]. It is estimated that 11% of
women aged >18 years are affected by UTIs annu-
ally, resulting in over 1 billion dollars of direct
and indirect costs per year [2, 4, 5]. The increasing
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antibiotic resistance of the E. coli that commonly
cause UTIs has complicated their management.

ExPEC colonize the human intestine and then
are transferred to an extraintestinal site, such as the
bladder, where they can cause infection [6, 7]. The
most common risk factors for UTI in young women
include sexual intercourse and spermicide use [8]. The
mechanics of sexual intercourse aid in moving EXPEC
from the intestine to the urethra, where the bacteria
can ascend to the bladder, kidneys or move to the
bloodstream [9-11]. EXPEC infections are thought to
be sporadic in nature and caused by a diverse collec-
tion of E. coli, which tend to possess specific virulence
genes [12].

Over the past few decades, clusters of community-
acquired, extraintestinal infections arising from gen-
etically related groups (or clonal groups) have been
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documented in several countries including England
[13], Canada [14], Denmark [15] and the USA [16].
E. coli associated with these clusters or outbreaks were
often recognized due to an unusual antimicrobial
resistance phenotype or serogroup, not typically as-
sociated with such infections. The source and trans-
mission routes for these strains have not been
identified, but speculation has grown that these out-
breaks may occur as the result of food or other en-
vironmental contamination [13—16]. Moreover, these
outbreak-associated EXxPEC strains tend to exhibit
multidrug resistance and many have been associated
with severe infections [17-19].

Increasing antimicrobial resistance in EXxPEC iso-
lates has been hypothesized to be due to the increased
use of antimicrobials in human medicine. However,
recent studies suggest that the development of and
selection for antimicrobial-resistant E. coli may also
result from the use of antimicrobial agents in food
animal production for therapy, prevention and con-
trol of diseases, and to promote growth [20]. There is
evidence to suggest that the increased selective press-
ure on the commensal microbiota of these animals has
induced resistance that may be transferred to humans,
potentially via consumption of contaminated meat
[20]. Various studies have identified an abundance of
antimicrobial-resistant strains of E. coli in retail
meats, specifically poultry [21-24]. Some food isolates
have been found to be indistinguishable from human
clinical isolates [22, 24]. The existence of ExPEC-
associated outbreaks and the new evidence linking
ExPEC in food reservoirs to human infections
suggests that the epidemiology of EXPEC infections
may be characterized by two models: the endemic
model, where infections are caused by a range of
diverse, primarily human-adapted E. coli and the
epidemic model, where specific strains of E. coli found
in food animal reservoirs are transmitted via food to
humans periodically, as in the case of the observed
outbreaks. An examination of the scientific literature
for epidemiological evidence for these two models
motivated this systematic review.

In this review, two types of studies were identified:
(1) reports of potential outbreaks of EXPEC infections
over the past 30 years; and (ii) studies conducted
from the 1950s to the present, which were primarily
designed to characterize ExPEC isolates (‘non-
outbreak studies’) causing infections including com-
munity-acquired UTIs and other extraintestinal
infections. First, epidemiological details were sum-
marized from all identified outbreak reports, including
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documentation of any evidence for a food or environ-
mental source. The seasonality of the outbreaks was
also examined. Second, E. coli serogroup was ident-
ified as a marker of temporal changes in the epidemi-
ology and distribution of ExXPEC over time since its
application is standard and has been used consistently
in many studies since the late 1940s.

METHODS
Outbreak studies

A systematic literature review was designed to retrieve
published articles of EXPEC outbreak reports from
Medline from 1950 to July 2009. Published articles
concerning confirmed or suspected outbreaks, as
defined by the authors, of extraintestinal infections
emerging from the community in otherwise healthy
individuals were reviewed. All searches were per-
formed with the assistance of an experienced librarian.
The data extracted from the articles included year of
outbreak, location, whether the illness associated with
the infection was acquired in the community, hospital
or a combination of both, the diseases associated with
the outbreak, the observation period, period of peak
numbers of cases, number of people and isolates used
in the study, age range, the sex of those studied and
the serogroup, serotype and/or multilocus sequence
type (MLST) of the epidemic strain. Where possible, a
designation for an E. coli strain is provided, which
includes the serogroup or serotype and MLST, for
example E. coli serotype O25:H4-ST131. Structured
interviews were conducted with the authors of some
studies to complete missing information and to ident-
ify additional studies.

Exclusion criteria for outbreak studies

Studies were excluded if they (i) reported outbreaks
occurring exclusively in a healthcare setting; (ii) re-
ported outbreaks associated exclusively with gastro-
enteritis or involving pathogens other than E. coli;
(iii) reported outbreaks associated with animals;
(iv) involved only a few case-reports; and (v) reported
in languages other than French and English.

Non-outbreak studies

A similar review of EXPEC non-outbreak studies was
designed using ‘human’, and English and French
language limits. These studies contained information
on E. coli typically responsible for extraintestinal
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infections occurring in the community in otherwise
healthy individuals. The data extracted from the arti-
cles included study observation period, location,
whether the infection was acquired in the community,
hospital or both, infection type, the number of people
and isolates included, age range, the sex of those
studied, the number of O-antisera used and the
identified E. coli serogroups. Studies that did not
provide the number of antisera used for testing were
included if a reference laboratory was cited, or if the
number of non-typable isolates was low. This cri-
terion was used to ensure that the isolates were com-
pletely characterized according to serogroup. The
proportion of each serogroup was calculated using the
total number of isolates in the study as the denomi-
nator, unless otherwise indicated. A weighted average
for each serogroup was estimated using the inverse of
the number of isolates in the study. In some cases,
values were collapsed (e.g. if UTI and pyelonephritis
serogroups were reported separately), and thus may
differ from those reported in the articles.

Exclusion criteria for non-outbreak studies

Published articles were excluded if they (i) focused
exclusively on complicated infections (i.e. pregnant
women, children or infants, the institutionalized eld-
erly, those with underlying conditions such as diabetes
or, hospitalized patients, catheterized patients,
patients with urological abnormalities and chronic
UTIs [5]), (ii) reported serotyping results based on
fewer than 50 O-antisera, (iii) included results from
intervention studies or randomized control trials,
(iv) focused exclusively on bacteriuria, or (v) were
published in a language other than English or French.
Only a single article was included if multiple articles
based on the same study population were identified. In
both searches, studies that did not clearly conform to
our criteria were discussed and evaluated by both re-
viewers.

RESULTS
ExPEC outbreaks

Twelve EXPEC outbreaks studies were included in
this review (see Fig. 1). EXPEC outbreaks were
identified in UK, Denmark, USA, Spain, Canada,
Croatia, and Portugal. The earliest outbreak detected
occurred in 1986 and the latest in 2008. The illnesses
associated with these outbreaks were primarily related
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to the urinary tract but were also associated with
blood(+stream) and other infections. Both males and
females, across a wide age range, were affected. The
incidence of the outbreak strains in these reports
varied from <1% to 26%, after excluding studies
with exclusively antimicrobial-resistant isolate sam-
ples. The most common serogroups associated with
ExXPEC outbreaks included O15 and O25. The articles
are summarized in Table 1 and below.

West Lambeth, London, 1986—1987, serogroup
015:K52:H1

An uncommon E. coli strain was responsible for a
community outbreak between October 1986 and
October 1987 in Southeast London, England, involv-
ing urinary, bloodstream and other infections [13].
The strain was first recognized due to the unusual
antimicrobial pattern which included resistance
to ampicillin, chloramphenicol, streptomycin, sul-
phonamide, tetracycline and trimethoprim. During
the outbreak, this strain was associated with 15% of
all urinary isolates observed over the year in the re-
gion. Moreover, 84/819 patients grew the epidemic
E. coli, identified by serotyping, from stool samples.
This E. coli serotype caused 29 cases of septicacmia
during the outbreak, while it had caused only 16/674
septicaemia cases over the previous 17 years [13].
Following this reported outbreak in West Lambeth,
similar findings were documented in Roehampton [25]
and South London [26]. In addition, a study in
Barcelona, Spain found the epidemic strain in 1:3 %
of more than 1000 urine and blood samples received
between June 1994 and May 1995, nearly a decade
after the London outbreak [27].

Ohio, serogroup O18:K1:H7

In a study of the nutritional and osmotic require-
ments of clinical E. coli isolates, a group of strains
requiring nicotinamide for growth and exhibiting
the O18:K1:H7 serotype was isolated from 16/101
consecutive urine samples from young women with
cystitis and 5/100 stool samples from healthy subjects
in Ohio [28]. The O18:K1:H7 serotype was found to
be similar to that associated with neonatal meningitis
and sepsis. Indistinguishable RAPD patterns were
also observed between neonatal meningitis, urine
and faecal isolates belonging to O18:K1:H7 [29].
This serotype of E. coli is suspected of coloniz-
ing the vagina or intestines of women and may
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Records identified through
Medline, 1950 to July 2009
(n=3211)

Additional records identified

through other sources
(n=1)

(n=3104)

Records after duplicates removed

A

Titles and abstracts
screened
(n=3104)

» Excluded records (n = 3029)

A 4

Full-text articles assessed
for eligibility
(n=175)

Full-text articles excluded (n = 63)
g 28 no outbreak detected

2 national hospital outbreaks
4 case series/case study

A 4

3 outbreaks exclusively in hospitals or
among children
13 duplicate study population

(n=12)

Studies included in review

6 considered for non-outbreak review
7 insufficient information provided

Fig. 1. The selection process of outbreak EXPEC articles into the review. Flow chart adapted from Moher et al. [77].

consequently enter the bladder, causing cystitis, or
may be transferred to infants during or immediately
following birth [28].

Copenhagen, 1991, serogroup O78:H10

In 1991, a year-long outbreak of multidrug-resistant
E. coli O78:H10 occurred in the Greater Copenhagen
region of Denmark [15]. Infections with the epidemic
serotype occurred in 15 females and three males. All
isolates were recovered from urine specimens and
13 cases were related to UTI. According to the
authors, at least 14 cases were community-acquired
infections [15]. The epidemic strain was resistant to
ampicillin, chloramphenicol, tetracycline, strepto-
mycin, sulphonamides and trimethoprim. A single
0O78:H10 outbreak isolate was identified from among
500 stool samples collected over an 8-month period.
E. coli O78 was known to cause septicaemia in calves,
but had not previously been reported to cause human
disease. Only 30 O78:H10 isolates were identified
during a retrospective study of isolates collected from
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around the world between 1956 and 1990 by the
WHO International Escherichia and Klebsiella Centre
at the Statens Serum Institut. Although, epidemiolo-
gical information was not available for this outbreak,
the authors concluded that the outbreak was most
likely associated with foodborne transmission; how-
ever, a vehicle was not identified.

Berkeley, California, 1999—-2001, serogroup
011/017/073/077:K52:H18-ST69

During a study analysing urine samples from
women in three different communities in the USA, a
multidrug-resistant E. coli clonal group, designated
clonal group A (CgA), caused one-third to one-half
of all TMP-SMZ-resistant [16] cases of UTI. Forty-
one percent of the California CgA isolates were
indistinguishable by Xbal PFGE fingerprinting.
CgA members belonged to serotypes OIl1 and
0O77:K52:H18 at the California study site; and were
later found to belong to serogroups O17 and O73
[17] and exhibit MLST ST69 [30]. In addition to
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Alberta of a CTX-M-14 -lactamase-producing E. coli
clonal group, with a peak in cases falling approxi-
mately between October and December 2000 [14].
This clonal group, designated CTX-M-14A and de-
fined by closely related Xbal PFGE patterns, caused
infections in 59 patients, predominately of community
onset (80%), all identified from urine specimens.
The epidemic strain was associated with phylogenetic
group D [38]. This was the first reported out-
break associated with community-acquired ESBL-
associated infections. The authors of this report also
suggest the possibility of a common food or environ-
mental source; however, epidemiological information
to test this hypothesis was unavailable. An increase in
CTX-M-14 isolates was also observed in the same re-
gion in 2003 [39] and had also spread to Edmonton,
Canada (J. D. Pitout, personal communication).

Madrid, Spain, 2004-2005

During a surveillance study of ESBL-producing E. coli
strains which were resistant to cefotaxime and cefta-
zidime, a multidrug resistant, epidemic strain was
identified in 103/525 isolates collected from mostly
urine, blood and wound samples from January 2004
to August 2005 [33]. The outbreak strain, identified by
Xbal PFGE, most commonly exhibited resistance to
ciprofloxacin, gentamicin, tobramycin, ampicillin,
amoxicillin-clavulanic acid and TMP-SMX.

Portugal, 2004-2006, serogroup O25:H4-ST131

Of 181 ESBL-producing E. coli isolates collected and
analysed from mainly urine specimens between
March 2004 and March 2006 in Portugal, 91 com-
prised a group of related or indistinguishable isolates
by Xbal PFGE [34]. The majority of this cluster pro-
duced CTX-M-15 enzymes and 58 % of these isolates
were recovered from outpatients. The predominant
resistance profile included resistance to ampicillin
(+sulbactam), aztreonam, piperacillin, ticarcillin,
ciprofloxacin, gentamicin and tobramycin. A small
sample of these isolates were evaluated for serogroup,
MLST (ST131) and phylogroup (B2) [40].

Zagreb, Croatia, 2004, serogroup O4

A 5-month study in Croatia, between January and
May 2004, revealed a clonally related cluster defined
by Xbal PFGE of 25 ESBL-producing E. coli isolates
recovered from non-hospitalized patients [35]. These

https://doi.org/10.1017/50950268810001639 Published online by Cambridge University Press

isolates belonged to serogroup O4 and exhibited a
common pattern of resistance to gentamicin, amika-
cin, netilmicin and TMP-SMX.

United Kingdom, 2003-2004, serogroup O25-ST131

Two clonal groups A and D, responsible for a com-
munity and hospital outbreak, were identified during
2003-2004 in the UK from urine and blood samples
from more than 200 cases [37, 41, 42]. Both strains
were shown to be E. coli 025, most produced CTX-M
enzymes [37] and were resistant to quinolones and
trimethoprim [42]. Strains A and D belonged to
phylogenetic B2 [43], were closely related by PFGE
analysis and belonged to ST131. Faecal carriage of
strains was found in community and hospital diar-
rhoeal samples [42]. Certain outpatients were inter-
viewed but no association with food or retail outlets
was noted [42].

A similar outbreak was identified in northwest
England during October 2005 [36]. These isolates were
recovered from blood and urine samples were also
found to belong to ST131.

Lugo, Spain, 20062008 O25:H4-ST131

In a study involving ESBL-producing isolates from
Lugo, Spain, a cluster of strains belonging to sero-
group O25b:H4 and ST131 was identified between
February 2006 and May 2008 [44]. All isolates in this
group belonged to phylogenetic group B2 and dem-
onstrated resistance to ciprofloxacin, TMP-SMX and
tobramycin. The epidemic strain was isolated mainly
from urine samples. CTX-M-15-producing isolates
accounted for about 20% of all ESBL-producing
isolates during 2006—-2008.

ExPEC non-outbreak studies

After extracting information from full-article texts,
28 eligible non-outbreak studies were included in this
review (see Fig. 2). A summary of the studies and
serogroups identified in the ExPEC non-outbreak
studies is presented in Table 2. These studies were
conducted in USA, UK, Spain, Ireland, Denmark,
The Netherlands, Australia, New Zealand, South
Africa, China, Japan, and India between 1960 and
2001. The studies are presented from earliest sampling
period to most recent period; if this information was
not reported, publication date was used. Both men
and women were included in the studies and a wide
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Records identified through Medline,
1950 to July 2009
(n=2510)

Additional records identified through

other sources
(n=17)

(n =2443)

Records after duplicates removed

A

screened
(n=2443)

Titles and abstracts

Excluded records
(n=2344)

A4

A

for eligibility
(n=171)

Full-text articles assessed

Full-text articles excluded (n = 70)
4 subgroup analyses only
6 exclusively among children or
hospital patients
6 duplicate study populations

A

13 aggregated serogroup data
33 nof/insufficient serotyping
information or <60 O-antisera

(n=128)

Studies included in review

used in testing
6 editorials
3 could not be retrieved

Fig. 2. The selection process of non-outbreak EXPEC articles into the review. Flow chart adapted from Moher et al. [77].

range of extraintestinal infections including cystitis,
pyelonephritis, bacteraemia and prostatitis were ob-
served. Eleven studies used samples from outpatients
only, while eight used a combination of both in- and
outpatient samples. Nine studies did not specify the
population type. It is possible that some of the non-
outbreak studies, particularly the earlier studies,
contained unrecognized outbreaks. The serogroups
most commonly associated with UTIs were O1, O2,
04, 06, 07, 08, 016, 018, 025, and O75[7, 45]. The
weighted proportion of these serogroups varied from
1% to 15%. Serogroup O6 occurred most frequently,
ranging in incidence from 4% to 30%, and was
identified in every study. Serogroups 02, O4, and O75
were the next most common serogroups reported and
were identified in almost all studies (Table 2). Our
results are consistent with the observed distribution of
ExXPEC recovered from infections from other studies
[46, 47], although proportions may vary temporally
and geographically [7, 48].
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DISCUSSION

Extraintestinal infections caused by E. coli are believed
to be sporadic, opportunistic infections. This notion,
however, is being challenged by the recognition of
clusters of infections caused by indistinguishable or
closely related E. coli, occurring in specific geographic
locations over short periods of time. This is the first
epidemiologial review and comparison of published
reports describing EXPEC-associated outbreaks and
reports describing community-acquired infections
caused by endemic or sporadic EXPEC. The existence
of ExPEC outbreaks appears well supported. It is
likely that the occurrence of these outbreaks has been
substantially under-reported; however, the avail-
ability of inexpensive genotyping assays has probably
led to an increase in the number of ExXPEC outbreak
reports since the 1990s.

Apart from serogroups O4, O18 and 025, the
ExPEC outbreak-related serogroups were relatively
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Table 2. Reported serogroups of Escherichia coli causing human extraintestinal infections : non-outbreak studies

Common serogroups (%)

Epidemic serogroups (%)

Pop.  Observation No. O-
Ref. Type* period Locationt  Sexi Infection§ Isolates antiseraq O1 02 06 O7 O8 Ol6 075 04 Ol11 O15 O17 O18 025 073 077 078
[471 1 1960-1981 F UTIL PY, ABU 614]] 131 2 03 22 5 2 10 10 07 038 1 4 5 0-8 0-8
[53] 2 USA U, UTL PY 156 129 5 4 19 3 2 14 13 06 2 06 0-6
[71 1 1965-1967 UK UTI 395 147 5 6 16 6 08 03 13 6 2 0-3 1 5 1 0-3
[48] 1 1966-1970 DK F PY,B 367 150 14 8 10 8
[54] 2 AU B UTI 1008 143 2 20 4 07 03 11 5 09 06 1 2 4 04 05
[551 3 1972-1973  SA U 222 4150 2 5 30 3 7 18 1 15
[56] 2 1969-1976 CH UTI 427 164 4 8 51 3 7 2 2 3
[571 2 1969-1987 UK B B 861|] RL 6 10 13 5 6 7 5
[58] 3 USA B 149 71 s 7 13 5 3 S 3 8 07 4 07 6 4 0-7
[59] 1 1973-1981 NZ F UTI 101 164 3 6 13 3 5 16 2 2 1
[60] 1 1979 NE F UTI 30 7 17 17 7 10 3 10
[61] 1 1980-1983 SW F UTIL PY 84| 165 11 5 6 5 13 6 6 4
[62] 1 1980-1983  SW F PY, B 75 165 15 7 5 7 16 S 8 4 3
[631 3 NE & UK UTL PY, ABU 119 181 6 4 14 5 10 3 4 42
[64] 1 1983-1992  SW M UTL PY 88 171 1 7 26 1 2 5 7 7 9 5
[65] 2 1986-1990 DK B 172 171 6 7 12 3 5 8 2 6 5
[66] 2 1987-1988  IN B U 56 RL 2 4 4 2 5 4
[671 2 1988-1991 USA & KE B B 187 173 5 8 9 1 2 2 4 5 6 3
[68] 2 1989-1992  SP B UTIL, PY, ABU 252 101 3 8 13 3 3 4 8 2 3 2 15 2 2
[69] 1 1992-1993 IR B UTI 87 68 1 2 24 8 3 13 2 9 1
[70] 3 1993-1996 SW M UTI 70 3 16 23 1 7 19 3 4
[711 1 1994-1999  USA F UTL PY 329 RL 5 19 10 2 3 7 5
[72] 1 SP F UTIL P 90 170 2 11 29 6 3 3 10
[73] 3 JA M PR 107 4 16 11 3 5 9 09 09 14 5
[73] 3 JA F UTIL, PY 270 12 11 9 2 1 9 3 2 17 4 0-4
[74] 3 F UTI 74 RL 7 5 19 4 4 6
[751 3 DK B B 247 171 7 8 11 3 6 6 6 7 3
[12] 3 1997-1997 IN UTI 100 RL 2 5 2 12 1 2 2
[76] 3 1998-2001  BR B B 60 3 13 10 3 2 5 2 3 12 3 2
Weighted average 4 7 15 3 2 1 8 6 1 1 1 S 2 0-2 03 01

* Population type: 1, community-acquired infections; 2, community- and hospital-acquired infections; 3, patient population type not reported.

+ AU, Australia; CH, China; UK, England; DK, Denmark; SP, Spain; NE, The Netherlands; SW, Sweden; JA, Japan; FN, Finland; CR, Croatia; CA, Canada; PR, Portugal;

IN, India; BR, Brazil; KE, Kenya; IR, Iran; SA, South Africa; NZ, New Zealand.
1 M, male; F, female; B, both male and female.

§ B, Isolates recovered from blood samples, bacteraemia cases or sepsis cases; U, isolates recovered from urine samples; UTI, isolates recovered from cases of cystitis or UTIs; PY,

isolates recovered from pyelonephritis cases; PR, isolates recovered from prostatitis cases; ABU, isolates recovered from asymptomatic bacteriuria cases.

|| The denominator used for calculations may differ from the number of isolates tested. For Vosti [47], the denominator is 614 due to missing information from 291 patients; for
Grandsen et al. [57], the denominator is 861 which is the number of patients studied ; for Sandberg ez al. [61], the denominator is 84 (only non-pregnant PY and UTI patients included);

for Otto et al. [62] the denominator is 75 (92 minus complicated cases, including diabetic patients).

9 RL was used when serotyping was done at a reference laboratory and was assumed to use the entire set of O-antisera present at the time of the study.
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uncommon in reports of sporadic EXPEC-associated
infections. Moreover, the proportion of infection with
an outbreak-associated serogroup was notably higher
during the outbreak periods (1-26%, excluding
reports with exclusively antimicrobial-resistant isolate
samples) than during non-outbreak periods (weighted
proportions <1-15%). Furthermore, serogroup
025, which was commonly associated with endemic
ExPEC infections (weighted proportion 2 %), has re-
cently been associated with the emergence of ESBL-
producing E. coli, and was responsible for several
outbreaks [14, 33-35, 37, 42, 44]. Although some of
the epidemic serogroups or serotypes were detected
in the non-outbreak studies, the proportion of these
serogroups during an epidemic was higher. Most
outbreaks involved community-acquired UTIs, and
females were disproportionately affected. The age
range of infected persons was broad. The duration
of the outbreaks was difficult to assess since many
studies inadvertently discovered the outbreak or were
retrospective in design.

ExPEC infections may follow a seasonal pattern,
similar to sexually transmitted infections [49]. The
frequency of UTIs and bloodstream infections have
been shown to peak during the warmer seasons
[50, 51]. It has been suggested that warmer tempera-
tures may enhance growth of these types of E. coli in
food or environmental sources, and may promote the
expression of certain virulence factors [49]. Only four
of the outbreak studies reported information on the
timing of the peak period of infections; three of
these four reports indicated an observed peak in the
winter months. Due to limited data on reported peak
periods, conclusions vis-a-vis seasonality could not be
drawn.

The source of the E. coli involved in these out-
breaks remains unclear, although several reports re-
viewed suggest a food or shared community exposure.
Although no source was identified in any of the out-
breaks, there has been evidence to support food as a
potential reservoir for EXPEC. Isolates cultured from
retail meats and other food items have been found to
resemble human clinical isolates from urine and faeces
[22, 24]. Further, during an outbreak involving gas-
troenteritis due to Salmonella, a bacterium known
to be contracted via undercooked meat and other
food items, at a camp in Girona, Spain, investigators
detected genetically related extended-spectrum
cephalosporin-resistant E. coli. Clones A and B were
confined to those individuals with Salmonella infec-
tions. Those infected had no previous contact before
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camp yet lived together and shared a water and
food supply during camp [52]. Human contamination
might also have contributed to the spread of the
strains, yet food handlers surveyed during the camp
outbreak did not possess the epidemic strains of
E. coli, nor was any transmission detected in the
households of those colonized [52]. Several of the
outbreak studies also included a stool survey which
allowed for the detection of the outbreak strains cir-
culating in healthy community members [16, 28, 52].
Together, the evidence points to food as a potential
reservoir of EXPEC, which would lead to intestinal
colonization with these strains.

There are several limitations to this review. In-
complete data collection and reporting in the out-
break studies, particularly related to epidemiological
information including complete dates, subject sample
size, and precise sex and age distributions, was prob-
lematic. The outbreak studies reported were often
conducted once the outbreak was underway and may
not reflect the entire time the epidemic strain was cir-
culating in the community; moreover, many reports
did not continue surveillance or conduct repeated
sampling over time. The outbreaks were identified
primarily due to an unusual serogroup, antibiotic
profile or growth conditions exhibited by the out-
break strain, suggesting that the characteristics of the
outbreak strains are biased and outbreaks due, for
example, to antibiotic-susceptible EXPEC, would be
under-reported. The association between infection
with an outbreak strain and the development of more
severe disease may be biased as laboratory or diag-
nostic testing occurs more frequently with severe in-
fections, treatment failures or recurrent infections.
Serogroup was used a marker of E. coli dynamics over
time in studies of extraintestinal infections. Serogroup
has been consistently collected in many studies over
time and therefore allows for temporal analysis of
studies of extraintestinal infections from 1950 on-
wards. However, specific serogroups will encompass
multiple genotypes; therefore serogroup is an imper-
fect biomarker for our comparisons. Only studies
with O-antisera testing panels containing > 50 sero-
groups were included to ensure representation of
most circulating serogroups. Some studies may have
included recurrent infections or collected multiple
samples for a single person; this may have led to over-
estimation of certain serogroups in the non-outbreak
studies.

Many questions remain unanswered about the epi-
demiology of EXPEC and their associated infections.
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The origin and mode of transmission of these types
of E. coli has not yet been confirmed but evidence
suggests foodborne dissemination [16, 24, 52]. Despite
limitations in reporting, this review highlights the
existence of outbreaks associated with specific types
of EXPEC and illustrates the differences in serogroup
in EXPEC associated with outbreaks and EXPEC that
have been responsible for sporadic disease over the
past several decades. The frequency and magnitude of
ExPEC outbreaks remains unclear, but their existence
is strongly supported.

ACKNOWLEDGEMENTS

We thank Gurjit Toor for her assistance in gathering
and summarizing some articles for this study and the
members of the Manges Laboratory. We are also
grateful to the authors of key research reports who
agreed to complete the structured interviews.

DECLARATION OF INTEREST

None.

REFERENCES

1. Hooton TM, Stamm WE. Diagnosis and treatment
of uncomplicated urinary tract infection. Infectious
Disease Clinics of North America 1997; 11: 551-581.

2. Russo TA, Johnson JR. Medical and economic impact
of extraintestinal infections due to Escherichia coli:
focus on an increasingly important endemic problem.
Microbes and Infection 2003 ; 5: 449—456.

3. Stamm WE, Hooten TM. Management of urinary tract
infections in adults. New England Journal of Medicine
1993; 329: 1328-1334.

4. Foxman B, et al. Urinary tract infections: self-reported
incidence and associated costs. Annals of Epidemiology
2000; 10: 509-515.

5. Foxman B. Epidemiology of urinary tract infections:
incidence, morbidity, and economic costs. American
Journal of Medicine 2002; 113 (Suppl. 1A): 5S—-138S.

6. Yamamoto S, et al. Genetic evidence supporting the
fecal-perineal-urethral hypothesis in cystitis caused
by Escherichia coli. Journal of Urology 1997; 157:
1127-1129.

7. Gruneberg RN. Relationship of infecting urinary or-
ganism to the fecal flora in patients with symptomatic
urinary infection. Lancet 1969; 2: 766-768.

8. Hooton TM, et al. A prospective study of risk factors for
symptomatic urinary tract infection in young women.
New England Journal of Medicine 1996; 335: 468-474.

9. Brown PD, Foxman B. Pathogenesis of urinary tract
infection: the role of sexual behavior and sexual trans-
mission. Current Infectious Disease Reports 2000; 2:
513-517.

https://doi.org/10.1017/50950268810001639 Published online by Cambridge University Press

10.

11.

15.

16.

18.

20.

21.

22.

23.

24.

25.

26.

Foxman B, Frerichs RR. Epidemiology of urinary tract
infection: I. Diaphragm use and sexual intercourse.
American Journal of Public Health 1985;75: 1308-1313.
Kelsey MC, et al. Relationship between sexual inter-
course and urinary-tract infection in women attending
a clinic for sexually transmitted diseases. Journal of
Medical Microbiology 1979; 12: 511-512.

. Shrikhande SN, Chande CA, Pathak AA. Virulence

factors in uropathogenic E. coli. Indian Journal of
Pathology and Microbiology 1999; 42: 321-325.

. Phillips I, et al. Epidemic multiresistant Escherichia coli

infection in West Lambeth Health District. Lancet
1988; 1: 1038-1041.

. Pitout JDD, et al. Community-wide outbreaks of

clonally related CTX-M-14 f-lactamase-producing
Escherichia coli strains in the Calgary Health Region.
Journal of Clinical Microbiology 2005; 43: 2844-2849.
Olesen B, et al. Cluster of multiresistant Escherichia coli
078:H10 in Greater Copenhagen. Scandinavian Journal
of Infectious Diseases 1994; 26: 406-410.

Manges AR, et al. Widespread distribution of urinary
tract infections caused by a multidrug-resistant
Escherichia coli clonal group. New England Journal of
Medicine 2001 ; 345: 1007-1013.

. Johnson JR, ef al. A disseminated multidrug-resistant

clonal group of uropathogenic Escherichia coli in
pyelonephritis. Lancet 2002; 359: 2249-2251.

Manges AR, Dietrich PS, Riley LW. Multidrug-
resistant Escherichia coli clonal groups causing com-
munity-acquired pyelonephritis. Clinical Infectious
Diseases 2004 ; 38: 329-334.

. Manges AR, et al. Multidrug-resistant Escherichia coli

clonal groups causing community-acquired blood-
stream infections. Journal of Infection 2006; 53: 25-29.
Aarestrup FM, et al. Effect of abolishment of the use of
antimicrobial agents for growth promotion on occur-
rence of antimicrobial resistance in fecal Enterococci
from food animals in Denmark. Antimicrobial Agents
and Chemotherapy 2001; 45: 2054-2059.

Johnson JR, et al. Antimicrobial-resistant and extra-
intestinal pathogenic Escherichia coli in retail foods.
Journal of Infectious Diseases 2005; 191: 1040—-1049.
Johnson JR, et al. Contamination of retail foods, par-
ticularly turkey, from community markets (Minnesota,
1999-2000) with antimicrobial-resistant and extra-
intestinal pathogenic Escherichia coli. Foodborne
Pathogens and Disease 2005; 2: 38-49.

Schroeder CM, et al. Isolation of antimicrobial-resistant
Escherichia coli from retail meats purchased in Greater
Washington, DC, USA. International Journal of Food
Microbiology 2003 ; 85: 197-202.

Vincent C, et al. Food reservoir for Escherichia coli
causing urinary tract infections. Emerging Infectious
Diseases 2010; 16: 88-95.

Wright ED, Perinpanayagam RM. Multiresistant in-
vasive Escherichia coli infection in south London.
Lancet 1987; 1: 556-557.

Waghorn DJ, Kelly TW, Gibbins W. Epidemic multi-
resistant Escherichia coli infection in south London.
Journal of Hospital Infection 1988; 11: 192-193.


https://doi.org/10.1017/S0950268810001639

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Prats G, et al. Escherichia coli serotype O15:K52:HI1 as
a uropathogenic clone. Journal of Clinical Microbiology
2000; 38: 201-209.

Kunin CM, et al. Isolation of a nicotinamide-requiring
clone of Escherichia coli O18:K1:H7 from women with
acute cystitis: resemblance to strains found in neonatal
meningitis. Clinical Infectious Diseases 1993; 16:
412-416.

Johnson JR, Delavari P, O’Bryan TT. Escherichia coli
O18:K1:H7 isolates from patients with acute cystitis
and neonatal meningitis exhibit common phylogenetic
origins and virulence factor profiles. Journal of Infec-
tious Diseases 2001 ; 183: 425-434.

Tartof SY, et al. Analysis of a uropathogenic
Escherichia coli clonal group by multilocus sequence
typing. Journal of Clinical Microbiology 2005; 43:
5860-5864.

Manges AR, et al. The changing prevalence of drug-
resistant Escherichia coli clonal groups in a community:
evidence for community outbreaks of urinary tract in-
fections. Epidemiology and Infection 2006; 134:425-431.
Pitout JD, et al. Emergence of Enterobacteriaceae pro-
ducing extended-spectrum beta-lactamases (ESBLs) in
the community. Journal of Antimicrobial Chemotherapy
2005; 56: 52-59.

Oteo J, et al. Spread of Escherichia coli strains with
high-level cefotaxime and ceftazidime resistance be-
tween the community, long-term care facilities, and
hospital institutions. Journal of Clinical Microbiology
2006; 44: 2359-2366.

Mendonca N, et al. Spread of extended-spectrum beta-
lactamase CTX-M-producing Escherichia coli clinical
isolates in community and nosocomial environments
in Portugal. Antimicrobial Agents and Chemotherapy
2007; 51: 1946—-1955.

Vranes J, et al. Clonal dissemination of highly virulent
extended-spectrum beta-lactamase-producing Escher-
ichia coli strains isolated from the urine of non-
hospitalised patients in Zagreb region. International
Journal of Antimicrobial Agents 2008; 31 (Suppl. 1):
S19-S24.

Lau SH, et al. Major uropathogenic Escherichia coli
strain isolated in the northwest of England identified
by multilocus sequence typing. Journal of Clinical
Microbiology 2008 ; 46: 1076-1080.

Woodford N, et al. Community and hospital spread of
Escherichia coli producing CTX-M extended-spectrum
pB-lactamases in the UK. Journal of Antimicrobial
Chemotherapy 2004 ; 54: 735-743.

Pitout JD, et al. Virulence factors of Escherichia coli
isolates that produce CTX-M-type extended-spectrum
beta-lactamases. Antimicrobial Agents and Chemo-
therapy 2005; 49: 4667-4670.

Pitout JD, et al. Molecular epidemiology of CTX-
M-producing Escherichia coli in the Calgary Health
Region: emergence of CTX-M-15-producing isolates.
Antimicrobial Agents and Chemotherapy 2007; 51:
1281-1286.

Nicolas-Chanoine MH, et al. Intercontinental emerg-
ence of Escherichia coli clone O25:H4-ST131 producing

https://doi.org/10.1017/50950268810001639 Published online by Cambridge University Press

ExXxPEC outbreak and non-outbreak studies

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

1689

CTX-M-15. Journal of Antimicrobial Chemotherapy
2008; 61: 273-281.

Karisik E, et al. Differential expression of CTX-M-15
Beta-lactamase between two major Escherichia coli
strains responsible for outbreaks in the UK. Proceed-
ings of 16th European Congress of Clincal Microbiology
and Infectious Diseases, Nice, 2006.

Warren RE. Simultaneous, bi-clonal outbreak of
urinary tract infection by E. coli O25 strains with CTX-
M-15: community and hospital effects in two English
health districts. Proceedings of 14th European Congress
of Clinical Microbiology and Infectious Diseases,
Prague, 2007.

Karisik E, et al. Virulence factors in Escherichia coli
with CTX-M-15 and other extended-spectrum f-lacta-
mases in the UK. Journal of Antimicrobial Chemo-
therapy 2008 ; 61: 54-58.

Blanco M, et al. Molecular epidemiology of Escherichia
coli producing extended-spectrum fS-lactamases in
Lugo (Spain): dissemination of clone O25b:H4-ST131
producing CTX-M-15. Journal of Antimicrobial
Chemotherapy 2009; 63: 1135-1141.

Orskov I, et al. O, K, H and fimbrial antigens in
Escherichia coli serotypes associated with pyelone-
phritis and cystitis. Scandinavian Journal of Infectious
Diseases (Suppl.) 1982; 33: 18-25.

Johnson JR. Virulence factors in Escherichia coli uri-
nary tract infection. Clinical Microbiology Reviews
1991; 4: 80-128.

Vosti KL. Infections of the urinary tract in women: a
prospective, longitudinal study of 235 women observed
for 1-19 years. Medicine 2002; 81: 369-387.

Mabeck CE, Orskov F, Orskov 1. Escherichia coli sero-
types and renal involvement in urinary-tract infection.
Lancet 1971; 1: 1312-1314.

Freeman JT, Anderson DJ, Sexton DJ. Seasonal peaks
in Escherichia coli infections: possible explanations and
implications. Clinical Microbiology and Infection 2009;
15: 951-953.

Al-Hasan MN. Seasonal variation in Escherichia
coli bloodstream infection: a population-based
study. Clinical Microbiology and Infection 2009; 15:
947-950.

Anderson JE. Seasonality of symptomatic bacterial
urinary infections in women. Journal of Epidemiology
and Community Health 1983; 37: 286-290.

Prats G, et al. Cephalosporin-resistant Escherichia
coli among summer camp attendees with salmonellosis.
Emerging Infectious Diseases 2003;9: 1273-1280.
Rantz LA. Serological grouping of Escherichia coli.
Study in urinary tract infection. Archives of Internal
Medicine 1962; 109: 37-42.

O’Keefe CM, Fairley KF. Escherichia coli in urinary
tract infection: an epidemiological study. Medical
Journal of Australia 1973; 2: 318-321.

Brede HD, et al. Escherichia coli serotypes associated
with urinary tract infections in the Western Cape. South
African Medical Journal 1974; 48: 261-263.

Wong WT, Bettelheim KA. Escherichia coli isolated
from urinary tract infections in Hong Kong, 1969 to


https://doi.org/10.1017/S0950268810001639

1690

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

D. B. George and A. R. Manges

1976. Zentralblatt fur Bakteriologie, Mikrobiologie, und
Hygiene A 1981; 251: 279-283.

Gransden WR, et al. Bacteremia due to Escherichia coli:
a study of 861 episodes. Reviews of Infectious Diseases
1990; 12: 1008-1018.

McCabe WR, et al. Escherichia coli in bacteremia:
K and O antigens and serum sensitivity of strains from
adults and neonates. Journal of Infectious Diseases
2007; 138: 33-41.

Peddie BA, Bettelheim KA, Chereshsky AY. O and H
serotypes of Escherichia coli isolated from urinary tract
infections. Zentralblatt fur Bakteriologie, Mikrobio-
logie, und Hygiene A 1981; 250: 47-51.

van den Bosch JF, et al. Virulence of Escherichia coli
strains isolated from urine of patients with acute cystitis
and from faeces of healthy women. Antonie Van
Leeuwenhoek 1981 ; 47: 97-106.

Sandberg T, et al. Virulence of Escherichia coli in re-
lation to host factors in women with symptomatic uri-
nary tract infection. Journal of Clinical Microbiology
1988; 26: 1471-1476.

Otto G, et al. Virulence factors and pap genotype in
Escherichia coli isolates from women with acute pyelo-
nephritis, with or without bacteremia. Clinical Infec-
tious Diseases 1993 ; 17: 448-456.

van den Bosch JF, et al. Virulence of urinary and faecal
Escherichia coli in relation to serotype, haemolysis
and haemagglutination. Journal of Hygiene 1982; 88:
567-5717.

Ulleryd P, et al. Virulence characteristics of Escherichia
coli in relation to host response in men with sympto-
matic urinary tract infection. Clinical Infectious Dis-
eases 1994 ; 18: 579-584.

Olesen B, et al. A comparative study of nosocomial and
community-acquired strains of Escherichia coli causing
bacteraemia in a Danish University Hospital. Journal of
Hospital Infections 1995; 31: 295-304.

Fule RP, Menon S, Saoji AM. Antibiotic resistance,
haemagglutination type and haemolysin production in
relation to serogroups of uropathogenic Escherichia
coli. Indian Journal of Medical Research 1990; 91:
270-272.

https://doi.org/10.1017/50950268810001639 Published online by Cambridge University Press

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Johnson JR, Brown JJ, Maslow JN. Clonal distribution
of the three alleles of the Gal(alphal-4)Gal-specific ad-
hesin gene papG among Escherichia coli strains from
patients with bacteremia. Journal of Infectious Diseases
1998; 177: 651-661.

Blanco M, et al. Virulence factors and O groups
of Escherichia coli isolates from patients with acute
pyelonephritis, cystitis and asymptomatic bacteriuria.
European Journal of Epidemiology 1996; 12: 191-198.
Katouli M, et al. Virulence characteristics of Escherichia
coli strains causing acute cystitis in young adults in Iran.
Journal of Infection 2005; 50: 312-321.

Johnson JR, et al. Host-pathogen relationships among
Escherichia coli isolates recovered from men with febrile
urinary tract infection. Clinical Infectious Diseases
2005; 40: 813-822.

Johnson JR, et al. Bacterial characteristics in relation to
clinical source of Escherichia coli isolates from women
with acute cystitis or pyelonephritis and uninfected
women. Journal of Clinical Microbiology 2005; 43:
6064—6072.

Andreu A, et al. Urovirulence determinants in
Escherichia coli strains causing prostatitis. Journal of
Infectious Diseases 1997 ; 176: 464-469.

Terai A, et al. Escherichia coli virulence factors and
serotypes in acute bacterial prostatitis. International
Journal of Urology 1997; 4: 289-294.

Johnson JR, et al. papG alleles of Escherichia coli
strains causing first-episode or recurrent acute cystitis in
adult women. Journal of Infectious Diseases 1998; 177:
97-101.

Olesen B, et al. Escherichia coli bacteraemia in patients
with and without haematological malignancies: a study
of strain characters and recurrent episodes. Journal of
Infection 1998; 36: 93-100.

Ananias M, Yano T. Serogroups and virulence geno-
types of Escherichia coli isolated from patients with
sepsis. Brazilian Journal of Medical and Biological
Research 2008 ; 41: 877-883.

Moher D, et al. Preferred Reporting Items for System-
atic reviews and Meta-Analyses: the PRISMA State-
ment. PLoS Medicine 2009; 6: ¢1000097.


https://doi.org/10.1017/S0950268810001639

