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BSTRACT

 

Background

 

The management of urinary tract in-
fections is complicated by the increasing prevalence
of antibiotic-resistant strains of 

 

Escherichia coli.

 

 We
studied the clonal composition of 

 

E. coli

 

 isolates
that were resistant to trimethoprim–sulfamethoxazole
from women with community-acquired urinary tract
infections.

 

Methods

 

Prospectively collected 

 

E. coli

 

 isolates from
women with urinary tract infections in a university
community in California were evaluated for antibiot-
ic susceptibility, O:H serotype, DNA fingerprinting,
pulsed-field gel electrophoretic pattern, and virulence
factors. The prevalence and characteristics of an an-
tibiotic-resistant clone were evaluated in this group
of isolates and in those from comparison cohorts in
Michigan and Minnesota.

 

Results

 

Fifty-five of the 255 

 

E. coli

 

 isolates (22
percent) from the California cohort were resistant to
trimethoprim–sulfamethoxazole as well as other an-
tibiotics. There was a common pattern of DNA finger-
printing, suggesting that the isolates belonged to the
same clonal group (clonal group A), in 28 of 55 iso-
lates with trimethoprim–sulfamethoxazole resistance
(51 percent) and in 2 of 50 randomly selected isolates
that were susceptible to trimethoprim–sulfamethox-
azole (4 percent, P<0.001). In addition, 11 of 29 resist-
ant isolates (38 percent) from the Michigan cohort and
7 of 18 (39 percent) from the Minnesota cohort be-
longed to clonal group A. Most of the clonal group A
isolates were serotype O11:H(nt) or O77:H(nt), with
similar patterns of virulence factors, antibiotic suscep-
tibility, and electrophoretic features.

 

Conclusions

 

In three geographically diverse com-
munities, a single clonal group accounted for nearly
half of community-acquired urinary tract infections in
women that were caused by

 

 E. coli

 

 strains with re-
sistance to trimethoprim–sulfamethoxazole. The wide-
spread distribution and high prevalence of 

 

E. coli

 

clonal group A have major public health implications.
(N Engl J Med 2001;345:1007-13.)
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N estimated 11 percent of women in the
United States report at least one physician-
diagnosed urinary tract infection per year,
and the lifetime probability that a woman

will have a urinary tract infection is 60 percent.

 

1

 

 The
clinical management of urinary tract infection is com-
plicated by the increasing incidence of infections
caused by strains of 

 

Escherichia coli

 

 that are resistant to
commonly used antimicrobial agents. In recent studies
in the United States, the rates of resistance to trimeth-
oprim–sulfamethoxazole among 

 

E. coli

 

 isolates from
women with urinary tract infections ranged from 15
to 18 percent.

 

2-4

 

Although urinary tract infection is not usually
thought of as a disease associated with community-
wide outbreaks, certain multidrug-resistant, uropatho-
genic lineages of 

 

E. coli

 

 have exhibited epidemic be-
havior.

 

5

 

 

 

E. coli

 

 O15:K52:H1 caused an outbreak of
community-acquired cystitis, pyelonephritis, and sep-
ticemia in South London in 1987 and 1988

 

5

 

 and is an
endemic cause of urinary tract infection in Barcelona,
Spain.

 

6

 

 This clonal group’s distinctive profile of anti-
biotic resistance contributed to its identification in
Europe.

 

5

 

We studied the clonal composition of 

 

E. coli

 

 isolates
from women (age range, 17 to 68 years) with uncom-
plicated, community-acquired urinary tract infections
that were resistant to trimethoprim–sulfamethoxazole
in order to ascertain whether any clonal group of

 

E. coli

 

 was disproportionately represented.

A
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METHODS

 

Study Cohorts

 

The study subjects included three cohorts of women (defined as
those who were at least 17 years old) with urinary tract infections
and a comparison group of healthy women whose stool specimens
were analyzed to identify the 

 

E. coli

 

 isolates. The study was ap-
proved by the Committee for Protection of Human Subjects of the
University of California at Berkeley; informed consent was not ob-
tained, because the study involved neither direct interviews nor
chart reviews. The California cohort consisted of women with symp-
toms of urinary tract infection who were seen at a university health
service and were consecutively enrolled in the study between Oc-
tober 11, 1999, and January 31, 2000. A case of 

 

E. coli

 

 urinary
tract infection was defined as symptoms suggestive of infection

 

4

 

and a culture of a clean-catch urine specimen with more than 10

 

2

 

colony-forming units of 

 

E. coli

 

 per milliliter.

 

7

 

The two comparison cohorts were women with uncomplicated
cystitis who were seen at university health services in Minnesota and
Michigan. For the Minnesota cohort, we analyzed all 

 

E. coli

 

 urinary
isolates that were resistant to trimethoprim–sulfamethoxazole and
20 isolates that were susceptible to the combined drugs. The isolates
were obtained from students with uncomplicated cystitis who were
enrolled in a study between June 1998 and August 1999. For the
Michigan cohort, we analyzed a similarly selected sample of urinary
isolates from women with acute cystitis who were enrolled in a uni-
versity-based study between September 1996 and May 1999.

Another comparison cohort consisted of 41 healthy residents at
least two years of age (18 male subjects and 23 female subjects) of
the university community in California who were free of urinary
tract infection. Between August 1998 and November 2000, sam-
ples of freshly passed stool obtained from each subject monthly
for six months were cultured for 

 

E. coli.

 

Isolation of 

 

E. coli

 

In California and Minnesota, urine samples were cultured on
MacConkey agar. Colonies that were positive for lactose and indole
were presumptively identified as 

 

E. coli. 

 

Culture methods for the
Michigan cohort have been described previously.

 

8

 

 One putative

 

E. coli 

 

colony from each urine culture was arbitrarily selected for
further analyses. Five

 

 E. coli 

 

colonies per monthly fecal sample were
selected for DNA fingerprinting with a polymerase-chain-reaction
(PCR) assay.

 

Antibiotic Susceptibility Testing

 

E. coli

 

 isolates were screened for susceptibility to trimethoprim–
sulfamethoxazole with the use of E-test strips (AB Biodisk, Solna,
Sweden) in California, the MicroScan system (Dade Behring, Sac-
ramento, Calif.) in Michigan, and a standard disk-diffusion assay

 

9

 

 in
Minnesota. 

 

E. coli

 

 strain 25922 (from the American Type Culture
Collection) was used as the reference strain. Susceptibility to 18 ad-
ditional antimicrobial agents was assessed for selected isolates by the
disk-diffusion method,

 

10

 

 with the use of standard interpretive crite-
ria.

 

9

 

 Intermediate susceptibility was interpreted as full susceptibility.

 

DNA Fingerprinting

 

For each of the three cohorts of women with urinary tract infec-
tions, all isolates that were resistant to trimethoprim–sulfamethox-
azole and subgroups of susceptible isolates, selected either random-
ly (in California and Michigan) or arbitrarily (in Minnesota), were
screened with the enterobacterial repetitive intergenic consensus
(ERIC2) PCR fingerprinting assay,

 

11-15

 

 as previously described.

 

16

 

Isolates with fingerprints that were indistinguishable on visual in-
spection were considered to belong to a single clonal group. Pattern
A was defined by four predominant bands that were approximately
1145, 1029, 908, and 720 bp; isolates exhibiting this pattern were
considered to be members of clonal group A. A pyelonephrito-
genic isolate CFT073 (O6:K2:H1),

 

17

 

 provided by Dr. Harry Mob-
ley at the University of Maryland, was used as a reference strain for
each ERIC2 PCR run.

 

Pulsed-Field Gel Electrophoresis

 

The standardized protocol for molecular subtyping of 

 

E. coli

 

(O157:H7) by pulsed-field gel electrophoresis (PFGE), as estab-
lished by the Centers for Disease Control and Prevention,

 

18

 

 was
used to identify a subgroup of the 

 

E. coli

 

 isolates that were indistin-
guishable by ERIC2 fingerprinting. 

 

Xba

 

I-digested DNA was elec-
trophoresed in the CHEF DR-II apparatus (Bio-Rad, Hercules, Cal-
if.). Isolates that had indistinguishable PFGE patterns with the use
of 

 

Xba

 

I were reanalyzed with a second enzyme, 

 

Avr

 

II. The criteria
for strain relatedness established by Tenover et al. were used to com-
pare PFGE patterns.

 

19

 

 The most frequently identified pattern among
the California isolates was designated 

 

Xba

 

I PFGE pattern A.

 

Virulence Genotyping

 

Genotypes for 31 putative virulence factors and the 12 known

 

papA

 

 alleles were determined by multiplex PCR assays, supplement-
ed by dot-blot hybridization, as previously described.

 

20-22

 

Serotyping

 

Serotyping was performed on 

 

E. coli

 

 isolates at the

 

 E. coli

 

 refer-
ence center in University Park, Pennsylvania. Strains that were mo-
tile but that did not react with O or H antiserum were classified as
nontypable (nt) — O(nt) and H(nt), respectively.

 

Conjugation Experiments

 

Selected wild-type isolates that were resistant to trimethoprim–
sulfamethoxazole were conjugated with nalidixic acid–resistant, lac-
tose-negative laboratory strain JM109,

 

23

 

 according to a standard
procedure,

 

24,25

 

 and plated on Luria–Bertani agar

 

26

 

 containing tri-
methoprim–sulfamethoxazole (16 and 350 µg per milliliter, respec-
tively) and nalidixic acid (20 µg per milliliter). The putative trans-
conjugants were tested for susceptibility to 18 antimicrobial agents
by a disk-diffusion method to identify markers of resistance to ad-
ditional antimicrobial agents.

 

Statistical Analysis

 

Chi-square analysis with the use of generalized estimating equa-
tions based on the PROC GENMOD procedure in SAS (version
8.01, SAS Institute, Cary, N.C.) was used to account for clustered
sampling in the California cohort, which included women with mul-
tiple urinary tract infections. An exchangeable correlation structure
was used in the analysis. The chi-square test or Fisher’s exact test was
also used in analyses in which the data were restricted to the first
(primary) episode of urinary tract infection during the study period.

 

RESULTS

 

Prevalence of Trimethoprim–Sulfamethoxazole 
Resistance

 

A total of 228 women (median age, 22 years) seen
at the university health service in California had symp-
toms suggestive of acute urinary tract infection. A to-
tal of 505 consecutive urine samples from these wom-
en were cultured, 255 of which yielded more than 10

 

2

 

colony-forming units of 

 

E. coli

 

 per milliliter. Twenty-
four women had repeated urinary tract infections dur-
ing the study period: 21 (9 percent) had two infec-
tions, and 3 (1 percent) had three infections.

Fifty-five of the 255 

 

E. coli

 

 isolates (22 percent)
were resistant to trimethoprim–sulfamethoxazole (Ta-
ble 1). All 55 resistant isolates, which were from 47
women, and 50 susceptible isolates, from 49 other
women, were selected for further analysis. In the Min-
nesota cohort, 18 of 82 

 

E. coli

 

 isolates (22 percent)
were resistant to trimethoprim–sulfamethoxazole. All

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
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18 resistant isolates (from 18 women), plus 20 sus-
ceptible isolates (from 20 women), were selected for
further analysis. In the Michigan cohort, 29 resistant
isolates (from 28 women) and 20 susceptible isolates
(from 20 other women) were selected for further
analysis (Table 1).

 

ERIC2 PCR Fingerprinting

 

In the California cohort, 28 of the 55 

 

E. coli

 

 iso-
lates that were resistant to trimethoprim–sulfameth-
oxazole (51 percent) exhibited the same four-band
ERIC2 pattern and were therefore identified as be-
longing to clonal group A (Fig. 1 and Table 1), as
compared with only 2 of 50 randomly selected sus-
ceptible isolates (4 percent; P<0.001, with adjustment
for clustered sampling). In the Minnesota cohort, 7 of
18 isolates that were resistant to trimethoprim–sul-
famethoxazole exhibited clonal pattern A (39 percent),
as compared with only 1 of 20 susceptible isolates
(5 percent, P=0.02). Likewise, in the Michigan co-
hort, 11 of 29 isolates that were resistant to trimeth-
oprim–sulfamethoxazole exhibited clonal pattern A
(38 percent), as compared with none of the 20 suscep-
tible isolates (P=0.001 by Fisher’s exact test) (Fig. 1
and Table 1).

ERIC2 PCR was also used to evaluate 925 colonies
of 

 

E. coli

 

 isolated from the stool samples obtained from
the group of 41 healthy persons. Clonal group A iso-
lates were identified in one or more fecal samples from
5 of the 18 male subjects (28 percent) and 10 of the

23 female subjects (43 percent). Thirteen of the 26
clonal group A isolates (50 percent) were resistant to
trimethoprim–sulfamethoxazole (data not shown).

 

Results of PFGE Analysis

 

Xba

 

I PFGE analysis was performed on 38 clonal
group A isolates (23 from the California cohort and
a total of 15 from the other two cohorts). Eleven of
the California isolates (48 percent) had indistinguish-
able PFGE findings (designated 

 

Xba

 

I PFGE pattern
A); 7 isolates (30 percent) differed from this pattern
by only one to three bands, 4 (17 percent) by four to
six bands, and 1 (4 percent) by more than six bands
(Fig. 2 and Table 2). 

 

Avr

 

II PFGE performed on six
of the isolates with 

 

Xba

 

I PFGE pattern A showed
that four were indistinguishable, and the other two
differed by only two bands. Although none of the iso-
lates from Michigan and Minnesota had patterns that
were identical to 

 

Xba

 

I PFGE pattern A of the isolates
from California, two of the eight Michigan isolates and
all seven Minnesota isolates had patterns that were
moderately or very similar (Table 2).

 

Antibiotic Susceptibility

 

Clonal group A isolates from all three cohorts had
a significantly higher prevalence of resistance to mul-
tiple antibiotics than did the comparison strains (Ta-
ble 3). A pattern of resistance to six drugs was found
in 8 of 19 clonal group A strains (42 percent) but in
none of the other strains (P<0.001). 

 

Serotyping

 

Of 41 representative clonal group A isolates from
the three cohorts with urinary tract infections, 32 (78
percent) exhibited one of two distinctive serotypes:
O11:H(nt) or O77:H(nt). Serotype O11:H(nt) pre-
dominated among the California isolates but was rare
or nonexistent among the Michigan and Minnesota
isolates, whereas serotype O77:H(nt) accounted for
large proportions of the Michigan and Minnesota iso-
lates (Table 2). Three of the remaining clonal group A
isolates (7 percent of the total) exhibited a unique
O antigen, and 6 (15 percent of the total) could not
be typed. Of the 13 clonal group A fecal isolates
that were serotyped, 9 (69 percent) were O11:H(nt),
2 were other serotypes, and 2 could not be typed.

 

Virulence Genotyping

 

Clonal group A was characterized by a distinctive
profile of virulence factors that included a complete
copy of 

 

pap,

 

 the F16

 

 papA

 

 allele, 

 

papG allele II,
iutA, kpsMT II, and traT, and the absence of sfa/foc,
afa/dra, hly, cnf, iroN, iss, and malX (Table 3). This
profile, which corresponds with that previously doc-
umented for the O15:K52:H1 clonal group,6,27 was
consistent among isolates from all three cohorts,
whether or not the strains were resistant to trimeth-
oprim–sulfamethoxazole.

*In California and Michigan, some of the women from whom isolates
were obtained had recurrent episodes of urinary tract infection. Information
for all isolates and for isolates from the primary episode is presented. In Min-
nesota, only one isolate was obtained from each woman. Fingerprinting was
analyzed with the use of the enterobacterial repetitive intergenic consensus
polymerase-chain-reaction assay. NA denotes not available, and TMP-SMX
trimethoprim–sulfamethoxazole.

†Clonal pattern A was defined by four predominant bands that were ap-
proximately 1145, 1029, 908, and 720 bp.

‡A subgroup of 29 TMP-SMX–resistant isolates was selected for analysis
of fingerprinting.

TABLE 1. RESULTS OF FINGERPRINTING ANALYSIS OF ESCHERICHIA 
COLI ISOLATES OBTAINED FROM WOMEN WITH URINARY TRACT 

INFECTIONS IN CALIFORNIA, MICHIGAN, AND MINNESOTA.*

VARIABLE CALIFORNIA MICHIGAN MINNESOTA

No. of isolates 255 NA 82

No. of women 228 NA 82

TMP-SMX–resistant isolates 
— no. (%)

All isolates
Isolates from primary episode

55 (22)
47 (21)

67
66

18 (22)
—

Clonal pattern A — no./
total no. (%)†

All isolates
Isolates from primary episode

28/55 (51)
23/47 (49)

11/29 (38)‡
10/28 (36)

7/18 (39)
—
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Conjugation

JM109 transconjugants were derived from five
clonal group A isolates in California that were resist-
ant to trimethoprim–sulfamethoxazole. The transcon-
jugants acquired resistance not only to trimethoprim–
sulfamethoxazole but also to ampicillin, tetracycline,
chloramphenicol, and streptomycin (data not shown).

DISCUSSION

We found that 11 percent of uncomplicated, com-
munity-acquired urinary tract infections in women
seen during a four-month period at a university health
service in California were caused by a single, previous-
ly unrecognized clonal group of multidrug-resistant
E. coli, clonal group A. This clonal group accounted
for 51 percent of urinary tract infections caused by
E. coli strains that were resistant to trimethoprim–
sulfamethoxazole at this health center and for high
proportions of such isolates from women seen at uni-
versity health centers in Michigan and Minnesota (38
and 39 percent, respectively). Although a limited num-
ber of isolates and locations were surveyed, these data
suggest that a single E. coli clonal group may have
contributed to the recently documented increase in
antibiotic resistance among E. coli isolates from pa-
tients with urinary tract infections in some parts of

the United States.3,4 In the California cohort, if it had
not been for this drug-resistant clonal group, the pro-
portion of all primary episodes of urinary tract infec-
tions caused by E. coli strains that were resistant to
trimethoprim–sulfamethoxazole would have been 11
percent instead of 21 percent.

That the E. coli isolates with resistance to trimeth-
oprim–sulfamethoxazole represent a phylogenetical-
ly distinct clonal group was suggested by their simi-
larities to one another and their differences from other
strains with respect to five characteristics: the ERIC2
fingerprinting pattern; O:H serotype, with the unusu-
al serotypes O77:H(nt) or O11:H(nt) predominating
among members of clonal group A; PFGE profiles;
virulence-factor profiles; and patterns of antibiotic sus-
ceptibility. Clonal group A isolates accounted for 11
percent of all urinary tract infections in California and
for 9 percent in Minnesota, which represents a sub-
stantial prevalence for a single E. coli clonal group.20,27

This finding indicates that clonal group A contributes
substantially not only to drug-resistant urinary tract in-
fections but also to urinary tract infections in general.

Clonal group A appears to represent a new lineage
of multidrug-resistant, uropathogenic E. coli rather
than an established virulent clone that has acquired
antibiotic resistance. In previous studies of E. coli iso-

Figure 1. Fingerprint Patterns of Escherichia coli Isolates with Resistance to Trimethoprim–Sulfamethoxazole.
Fingerprinting was performed with the use of the enterobacterial repetitive intergenic consensus polymerase-chain-reaction assay.
The E. coli isolates from California (lanes 3, 4, and 5), Michigan (lanes 6, 7, and 8), and Minnesota (lanes 9, 10, and 11) show the
same four-band (two dark and two light) pattern (designated pattern A), indicating that they are all members of clonal group A.
Lane 1 shows a 1-kb ladder, lane 2 CFT073 (the reference strain), and lane 12 a negative control.
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lates from urinary tract infections, O11 and O77 so-
matic antigens have not been noted, and serogroups
O1, O2, O4, O6, O7, O16, O18, O25, and O75 have
consistently predominated, accounting for up to 81
percent of isolates.27-30

Although urinary tract infection is usually regarded
as a sporadic disease caused by organisms from the
host’s own fecal flora, transmission of E. coli between
sex partners and household members has been report-
ed.31,32 Nosocomial outbreaks of E. coli pyelonephritis
have also been documented.33 A community-wide out-
break of urinary tract infection due to a single strain
occurred in South London in 1986 and 1987.5 In
this outbreak, isolates of E. coli O15:K52:H1 that ex-
hibited a distinctive multidrug-resistance phenotype
similar to that of the clonal group A isolates in our
study were recovered from community-acquired cases
of pyelonephritis and bacteremia. This serotype was
subsequently identified as a cause of endemic urinary
tract infection and bacteremia in other European

Figure 2. Molecular Subtyping of Clonal Group A Isolates with Resistance to Trimethoprim–Sulfamethoxazole.
Pulsed-field gel electrophoresis with XbaI was used for subtyping. Lane 1 shows CFT073 (the reference strain). Clonal group A isolates
from California are shown in lanes 2, 3, and 4; those from Michigan in lanes 5, 6, and 7; and those from Minnesota in lanes 8, 9, and 10.
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*Serotyping was performed on 23 of the 28 isolates in California that
were resistant to trimethoprim–sulfamethoxazole and that exhibited pat-
tern A on fingerprinting and on all such isolates in Michigan and Minne-
sota. Isolates from recurrent episodes of infection are included in the data
for California and Michigan. PFGE was performed with XbaI-digested
DNA; nt denotes nontypable.

TABLE 2. SEROTYPE AND PULSED-FIELD GEL ELECTROPHORETIC 
(PFGE) PATTERN OF SELECTED CLONAL GROUP A ISOLATES 

FROM CALIFORNIA, MICHIGAN, AND MINNESOTA.*

SEROTYPE AND PFGE PATTERN CALIFORNIA MICHIGAN MINNESOTA

no. of isolates (%)

Serotype
O11:H(nt)
O77:H(nt)
Other or nontypable

23
14 (61)
6 (26)
3 (13)

11
0 
8 (73)
3 (27)

7 
1 (14)
3 (43)
3 (43)

PFGE pattern
Pattern A
Pattern that differed from pattern A

By 1–3 bands
By 4–6 bands
By >6 bands

23
11 (48)

7 (30)
4 (17)
1 (4)

8 
0 

2 (25)
0 
6 (75)

7 
0 

5 (71)
2 (29)
0
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Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



1012 · N Engl J Med, Vol. 345, No. 14 · October 4, 2001 · www.nejm.org

The New England Journal  of  Medicine

countries34-36 and, more recently, in the United States.6

The clonal group A strains exhibit a virulence geno-
type that is very similar to that of the O15:K52:H1
clonal group, including the F16 papA allele, papG
allele II, iutA, fyuA, kpsMT II, and traT.6

We identified clonal group A strains in fecal sam-
ples obtained during the study period from healthy
members of the university community in California.
The proportion of healthy subjects identified as having
fecal colonization with clonal group A on one or more
occasions is probably an overestimate of the true prev-
alence of this infection in the community because of
the sampling strategy used. Nevertheless, this analysis
does show that clonal group A was circulating in mem-
bers of the community when the cases of urinary tract
infection occurred.

The apparent emergence of clonal group A in three
states suggests either the simultaneous expansion in
multiple locations of a previously introduced endemic
clonal group, possibly as a consequence of increasing
antimicrobial selection pressure, or the recent intro-
duction of the clonal group into new environments.
The high degree of genetic homogeneity among the
California isolates favors the latter hypothesis. One
possible explanation for the observed temporal and
geographic clustering of a single E. coli PFGE type
(pattern A) in California is that the strains were spread
by one or more contaminated products ingested by
community residents, which is similar to the way an
enteric pathogen, such as E. coli O157:H7, causes
community-wide outbreaks after being disseminated
by the consumption of contaminated foods.18,37 If a

*Only one isolate per subject was included in these analyses. The P values were therefore calculated
with a simple chi-square test or Fisher’s exact test.

†Isolates from California, Minnesota, and Michigan were selected for inclusion in the analysis of
antibiotic resistance in proportion to the prevalence of resistance to trimethoprim–sulfamethoxazole
(TMP-SMZ) among clonal group A isolates as compared with that of other isolates in each cohort.
The ratio of TMP-SMZ–resistant to TMP-SMZ–susceptible isolates included in the analysis was 4:1
for clonal group A and 1:6 for other strains in California, 6:2 for clonal group A and 1:6 for other
strains in Minnesota, and 6:0 for clonal group A and 1:6 for other strains in Michigan. The patterns
of resistance are not mutually exclusive.

‡The distribution of virulence factors was similar among clonal group A isolates from each cohort.
All isolates with papA allele F16 were also positive for papAH, papC, papEF, and papG allele II. In-
dependent isolates were selected from each cohort for inclusion in the analysis of virulence factors in
order to provide, for clonal group A, up to six TMP-SMZ–resistant isolates and as many TMP-SMZ–
susceptible isolates as were available (up to six) and, for non–clonal group A, six TMP-SMZ–resistant
and six TMP-SMZ–susceptible isolates. The virulence patterns are not mutually exclusive.

TABLE 3. PREVALENCE OF ANTIBIOTIC-RESISTANCE PATTERNS AND VIRULENCE-FACTOR 
PROFILES OF ESCHERICHIA COLI ISOLATES.

ANTIBIOTIC RESISTANCE AND VIRULENCE FACTORS

CLONAL 
GROUP A 
ISOLATES 

OTHER 
ISOLATES P VALUE*

no. of isolates (%)

Antibiotic resistance
Total isolates†
TMP-SMZ resistance with or without resistance 

to other drugs
TMP-SMZ and chloramphenicol
TMP-SMZ and streptomycin
TMP-SMZ and ampicillin
TMP-SMZ, ampicillin, streptomycin, 

and chloramphenicol
TMP-SMZ, ampicillin, streptomycin, 

chloramphenicol, and tetracycline

19
16 (84)

12 (63)
11 (58)
15 (79)
9 (47)

8 (42)

21
3 (14)

1 (5)
2 (10)
3 (14)
1 (5)

0 

<0.001

<0.001
<0.001
<0.001

0.003

<0.001

Virulence factors‡
Total isolates
papA F16 with or without other factors

papA F16, traT
papA F16, traT, kpsMTII, iutA
papA F16, traT, kpsMTII, iutA, fyuA
papA F16, traT, kpsMTII, iutA, fyuA, ompT
papA F16, traT, kpsMTII, iutA, fyuA, ompT, 

malX (pathogenicity island) with or without 
other factors

malX, hlyA
malX, hlyA, papA, papG
malX, hlyA, papA, papG, cnfI
malX, hlyA, papA, papG, cnfI, iroN
malX, hlyA, papA, papG, cnfI, iroN, sfa

25
21 (84)
20 (80)
18 (72)
16 (64)
16 (64)
12 (48)
0

0
0
0
0
0

36
0
0
0
0
0
0

24 (67)

13 (36)
11 (31)
6 (17)
4 (11)
3 (8)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
0.002
0.04
0.13
0.26
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large proportion of urinary tract infections caused
by drug-resistant strains of E. coli in a community
were due to the ingestion of widely consumed, con-
taminated foods, this would constitute a serious and
novel public health problem.

Clonal group A isolates were resistant to antibiotics
that are commonly used in the outpatient setting to
treat urinary tract infection and a wide variety of oth-
er infections. Resistance to these agents may persist
with the use of any of the antibiotics represented in the
resistance phenotype. Additional studies are needed to
establish the geographic and temporal distribution of
this emerging E. coli clonal group and to determine
whether it is spread by the ingestion of contaminat-
ed foods.
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