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SUMMARY

A multidrug-resistant clonal group (CgA) of Escherichia coli was shown to cause half of all

trimethoprim–sulphamethoxazole (TMP–SMZ)-resistant urinary tract infections (UTIs) in a

college community between October 1999 and January 2000. This second study was conducted to

determine the fate of CgA. Urine E. coli isolates from women with UTI, collected between

October 2000 and January 2001, were tested for antibiotic susceptibility, O serogroup, ERIC2

PCR and DNA macrorestriction patterns using pulsed-field gel electrophoresis. The proportion

of UTIs caused by CgA declined by 38% (P<0.001) but the prevalence of resistance to

TMP–SMZ did not change. Six additional clonal groups were identified and these were

responsible for 32% of TMP–SMZ-resistant UTIs. The temporal decline in the proportion of

UTIs caused by CgA provides evidence that CgA caused a community outbreak of UTI.

The fluctuation and occurrence of other E. coli clonal groups in this community suggest that a

proportion of community-acquired UTIs may be caused by E. coli disseminated from one or

more point sources.

INTRODUCTION

Urinary tract infection (UTI) is not usually thought

of as a disease associated with community-wide out-

breaks. However, certain Escherichia coli lineages

have exhibited epidemic behaviour. During 1987–

1988, E. coli O15:K52:H1 caused an outbreak of

community-acquired cystitis, pyelonephritis, and

septicaemia in South London [1]. The distinctive

antibiotic resistance profile of this clonal group con-

tributed to its recognition in Europe and recent

reports have documented its presence in other areas of

Europe and the United States [2–4]. In 2001, we re-

ported that a single, multidrug-resistant clonal group

(designated CgA) of E. coli caused 11% of all E. coli

UTIs and 49% of all trimethoprim–sulphamethox-

azole (TMP–SMZ)-resistant E. coli UTIs in a single

California community over a 4-month period [5].

Members of this clonal group were also responsible

for drug-resistant UTIs in university communities in

Michigan and Minnesota, a community in Colorado
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[6], as well as pyelonephritis in several states [7]. CgA

was identified in 26% of 495 animal and environ-

mental E. coli isolates belonging to serogroups O11,

O17, O73, and O77, by enterobacterial repetitive

intergenic consensus (ERIC2) PCR genotyping and

CgA strains appeared to be over-represented among

poultry isolates [8]. Cumulative evidence therefore

suggests that increases in drug-resistant uropatho-

gens, and the distinct geographical differences in the

prevalence of antimicrobial-resistant UTI may be

attributable to a limited number of newly emerging,

multidrug-resistant clonal groups of uropathogenic

E. coli, such as CgA [9, 10].

The degree of genetic homogeneity of certain

California CgA isolates suggested that a point source,

possibly a contaminated food product, may have been

responsible for the dissemination of this clonal group.

If so, the prevalence of this group should follow an

epidemic pattern and, hence, we would expect to see a

decline in the prevalence of CgA-associated UTI over

time. This hypothesis led us to conduct a second

cross-sectional study, 1 year later. At the same time,

we investigated the distribution of other E. coli clonal

groups causing community-acquired UTI regardless

of their drug resistance.

METHODS

Study design

This cross-sectional study was conducted from 11

October 2000 to 31 January 2001 (phase II study) and

was designed as a follow-up to the original cross-

sectional study conducted from 11 October 1999 to 31

January 2000 (phase I study) ; both studies were car-

ried out in the same California university community.

The study protocol was approved by the University of

California at Berkeley, Committee for the Protection

of Human Subjects. The study sample consisted of

women presenting to the university health service with

symptoms of UTI who were consecutively recruited

into the study. A case of E. coli UTI was defined

as any woman with a clinical suspicion of UTI

whose clean-catch urine culture yielded >102 colony-

forming units (c.f.u.)/ml of E. coli [11].

Identification and antimicrobial susceptibility testing

Urine samples were cultured on MacConkey’s agar

medium and lactose- and indole-positive colonies

were presumptively identified as E. coli. One putative

E. coli colony from each urine culture was arbitrarily

selected for further analysis. Isolates were screened

for susceptibility to TMP–SMZ, ciprofloxacin,

cephalothin and nitrofurantoin by E-test strips (AB

Biodisk, Solna, Sweden). E. coli strain ATCC 25922

was used as the reference strain. Isolates were

defined as resistant, intermediate or susceptible to

antimicrobials using NCCLS interpretive criteria

[12]. For subsequent analysis isolates exhibiting

intermediate resistance were interpreted as suscept-

ible.

Serotyping

O serogroup testing was performed on E. coli isolates

at the E. coli Reference Center at University Park,

Pennsylvania, USA.

ERIC2 PCR fingerprinting

All TMP–SMZ-resistant isolates and a randomly

sampled subset of susceptible isolates were screened

by the ERIC2 PCR fingerprinting assay [13, 14] as

previously described [15]. Susceptible isolates were

selected with the random number algorithm in

S-PLUS 2000 (Insightful, Seattle, WA, USA); suf-

ficient susceptible isolates were sampled to identify at

least 4% CgA, as estimated from the phase I study,

with a probability of 95%. Isolates exhibiting indis-

tinguishable ERIC2 fingerprints, as assessed by visual

inspection, were considered to belong to a single

clonal group. The PCR was repeated on selected

isolates from the phase I study to ensure that valid

patterns were available for comparison with phase II

isolates. Isolates exhibiting an ERIC2 PCR pattern

indistinguishable from that of the CgA-positive con-

trol (ATCC BA-457, included in each PCR reaction

and gel) were considered to belong to CgA. A pyelo-

nephritis isolate CFT073 (O6:K2:H1), provided by

Dr Harry Mobley (University of Maryland), was also

included as a reference standard.

Pulsed field gel electrophoresis (PFGE)

The standardized protocol for subtyping E. coli

(O157:H7) by PFGE, as established by the Centers

for Disease Control and Prevention (CDC) [16], was

used to further analyse the E. coli isolates that were

indistinguishable by ERIC2 fingerprinting. XbaI-

digested DNA was subjected to electrophoresis in the

CHEF DR-II apparatus (Bio-Rad, Hercules, CA,

426 A. R. Manges and others

https://doi.org/10.1017/S0950268805005005 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268805005005


USA). Criteria for strain relatedness established by

Tenover et al. were used to assess the similarity of the

PFGE profiles [17]. A single pulsotype was defined as

PFGE patterns that differ by three or fewer bands

from a comparison strain belonging to the same

ERIC2 PCR genotype.

Statistics

Analyses were restricted to the first UTI episode

(primary episode) experienced by a woman during the

study period. Two sample tests of proportions,

determined by STATA version 7.0 (Stata Corp., College

Station, TX, USA), are presented. Two-sided P values

are shown; P<0.05 is considered statistically sig-

nificant.

RESULTS

Study subjects

Between 11 October 2000 and 31 January 2001, 414

women presented to a California university health

service with clinically suspected acute UTI. Of the 468

consecutive urine samples collected and cultured from

these women, 225 (48%) yielded>102 c.f.u. E. coli/ml

of urine. This represented 206 unique women (median

age 22 years, range 13–48 years).

Antimicrobial susceptibility

Thirty-eight (18%) of the 206 women were infected

with a TMP–SMZ-resistant E. coli isolate. The

prevalence of TMP–SMZ resistance was 21% during

1999–2000 (percentage change x2.2%, P=0.56).

Changes in resistance for other drugs included (phase

I vs. phase II), cephalothin [9 (3.9%) vs. 2 (1.0%), per

cent change x2.9%, P=0.05] and ciprofloxacin

[2 (0.9%) vs. 6 (2.9%), per cent change 2.0%,

P=0.12] ; there was no change in nitrofurantoin

resistance (0% vs. 0%). Of the six ciprofloxacin-

resistant isolates identified, five were also resistant

to TMP–SMZ (ciprofloxacin-TMP–SMZ) and three

exhibited intermediate susceptibility to cephalothin.

ERIC2 PCR fingerprinting

ERIC2 PCR screening was performed on all (n=47)

TMP–SMZ-resistant and 49 randomly selected

TMP–SMZ-susceptible E. coli in the phase I study,

and all (n=38) TMP–SMZ-resistant and 104 ran-

domly selected TMP–SMZ-susceptible E. coli isolates

in the phase II study. A larger number of TMP–SMZ-

susceptible isolates were chosen for screening by

ERIC2 PCR in the phase II study so that we would be

assured of having the power to detect TMP–SMZ-

susceptible CgA. In the phase I study, 23 (49%) of the

47 TMP–SMZ-resistant E. coli and only two (4%) of

the TMP–SMZ-susceptible E. coli isolates causing

UTI were CgA (P<0.001). In contrast, in the phase II

study only four (11%) of the 38 TMP–SMZ-resistant

E. coli isolates and three (3%) of the 104 (P=0.06)

randomly sampled TMP–SMZ-susceptible isolates

exhibited the CgA ERIC2 PCR pattern (Table 1). A

sample of ERIC2 PCR results for CgA isolates from

the phase II study is presented in Figure 1. The change

in CgA prevalence among TMP–SMZ-resistant UTI

episodes across the two time periods was x38%

(P<0.001) (Table 1).

In addition to CgA, six other clonal groups were

identified by ERIC2 PCR; they were designated CgB,

CgC, CgD, CgE, CgF and CgG (Table 2). Clonal

groups CgB, CgD, CgE, and CgG were identified

only in the phase II collection and CgC was identified

in both study periods. Clonal groups A–G were

responsible for 12 (32%) of all UTIs caused by

Table 1. ERIC2 PCR analysis of E. coli UTI isolates from California for study phases I and II

Assay

Phase I*
11 Oct. 99–31 Jan. 00
n (%)

Phase II
11 Oct. 00–31 Jan. 01
n (%)

Per cent change
(P value)

TMP–SMZ-resistant isolates
Primary isolates# 47 (21) 38 (18) x2.2% (0.56)

ERIC2 PCR TMP–SMZ-resistant

clonal group A
Primary isolates 23 (49) 4 (11) x38% (<0.001)

* The results from the phase I study were analysed and published previously [5].
# Primary isolates, refer to the E. coli isolates recovered from a woman’s first UTI episode during the study period.
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TMP–SMZ-resistant and 25 (24%) of 104 TMP–

SMZ-susceptible E. coli isolates in the phase II study

(P=0.34).

PFGE

XbaI PFGE analysis was performed on all clonal

groups identified by ERIC2 PCR. The CgA isolates

yielded PFGE profiles indistinguishable or closely

related to that of a prototype CgA isolate (ATCC

BA-457) collected in the phase I study (Fig. 2).

The eight ERIC2 CgB isolates included five differ-

ent pulsotypes (data not shown). Nine (75%) out of

1 2 3 4 5 6 7 8 9 10 11 12 13

1 kb1 kb CgA
ciprofloxacin-TMP–SMZ-resistant

neg
CgA phase II

Fig. 1. ERIC2 PCR patterns of TMP–SMZ-resistant, clonal
group A (CgA) and ciprofloxacin-TMP–SMZ-resistant

E. coli UTI isolates. Lanes 1 and 12, 1 kb ladder ; lane 2,
CgA prototype isolate and positive control ; lanes 3–6,
putative CgA isolates ; lanes 7–11, ciprofloxacin-

TMP–SMZ-resistant isolates, including CgG (lanes 7–9) ;
lane 13, negative control. All isolates were recovered from
unique women, except 1792 (lane 4) and 2000 (lane 5), which

were isolated from two UTI episodes in the same woman,
57 days apart.

Table 2. Summary of ERIC2 PCR clonal groups identified in study phases I and II

Clonal

group

Phase I
n (%)

(N=96)

Phase II
n (%)

(N=142) Serogroup (N)

% of total in Phase II#

TSR

(N=38)

TSS

(N=104)

CgA 25 (11) 7 (3) O11 (15)$ 11 3
O77 (5)

CgB 0 (0) 8 (4) O2 (3) 0 8
O6 (5)

CgC 6 (3) 6 (3) O1 (8) 0 6
O2 (1)

O18 (3)
CgD 0 (0) 9 (4) O6 (8) 8 6

O83 (1)

CgE 0 (0) 2 (1) O82 (2) 0 2
CgF 2 (1) 2 (1) O4 (3) 4 0

Mixed (1)

CgG 0 (0) 3 (1) O102, 130 (3) 3 0

# The proportion of this clonal group among all trimethoprim–sulphamethoxazole-resistant (TSR) or trimethoprim–sul-
phamethoxazole-susceptible (TSS) isolates in the phase II study.
$ Not all CgA isolates were sent for serotyping.

10987654321

λ λ
CgA

phase I CgA phase II

ciprofloxacin-
TMP–SMZ-resistant

CgG

Fig. 2. XbaI PFGE patterns of clonal group A (CgA) and
ciprofloxacin-TMP–SMZ-resistant CgG isolates from the
phase II study. Lanes 1 and 10, lambda ladder ; lane 2,

prototype CgA isolate ; lanes 3–6, putative CgA isolates ;
lanes 7–9, ciprofloxacin-TMP–SMZ-resistant CgG isolates.
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12 CgC members belonged to a single pulsotype. This

was the largest cluster identified besides CgA (Fig. 3).

CgD included seven pulsotypes ; a sample of these

patterns is presented in Figure 4. The two CgE

isolates were indistinguishable and two of the four

CgF E. coli isolates were indistinguishable by PFGE

(data not shown). Two of the three CgG isolates,

characterized by resistance to both TMP–SMZ and

ciprofloxacin, were possibly related (differed by fewer

than six bands) by PFGE (data not shown).

Serotyping

In the initial study CgA was found to belong to four

serogroups including O11, O77, O17 and O73. In the

phase II study, three of the four representative CgA

isolates were determined to be serogroup O11:H(nt).

As with CgA, the other ERIC2 PCR clonal groups

identified in this study tended to segregate into

specific serogroups. CgB included serogroups O2 and

O6 and CgC was primarily O1, but also included

serogroups O2 and O18. The remaining four clonal

groups consisted of a single serogroup for each clonal

group (Table 2).

Temporal distribution of clonal groups

Evidence of temporal clustering is apparent if we

consider clustering in time based on closely related

PFGE patterns. There were two instances in which

women presented to the university health services with

UTI caused by E. coli exhibiting indistinguishable

PFGE patterns on the same day. The first two cases

involved CgB strains (data not shown) and occurred

on 23 October 2000 and the second two cases involved

CgD strains (Fig. 4, lanes 4 and 5) and occurred on 14

November 2000. A second pair of women infected by

CgD strains experienced UTIs 13 days apart (Fig. 4,

lanes 6 and 7). Although the cases associated with the

large CgC cluster were distributed across both study

periods, three of the four CgC UTI cases that oc-

curred during the month of January 2000 were caused

by isolates with an indistinguishable PFGE pattern.

A second CgC pair included two women who experi-

enced infections nearly a year apart (data not shown).

Similarly, the two indistinguishable CgE isolates

caused infections separated by more than 1 year.

Within the CgF group, a pair of indistinguishable

PFGE pattern strains caused infections in two women

that were separated by 19 days (data not shown).

DISCUSSION

In the previous study, we found that a multidrug-

resistant clonal group of uropathogenic E. coli (CgA)

was responsible for 49% of TMP–SMZ-resistant

E. coli UTI episodes from unique women at a single

student health centre in California. In this follow-up

(phase II) study, conducted during the same 4-month

period 1 year later, the prevalence of UTI caused by

CgA declined significantly (x38%) supporting the

initial hypothesis that there was an outbreak of

community-acquired UTI during 1999–2000. The

four cases of CgA UTI in the phase II study may

represent infections resulting from persistent intestinal

colonization by this strain in these women. CgA and

10987654321

λ CgA CgC λ

Fig. 3. XbaI PFGE patterns of CgC isolates from the phase
II study. Lanes 1 and 10, lambda ladder ; lanes 2–9, CgC
isolates. Lanes 3, 7 and 9 exhibit indistinguishable patterns,

as do lanes 4 and 8.

9 1087654321

λ CgA CgD λ

Fig. 4. XbaI PFGE patterns of CgD isolates from the phase
II study. Lanes 1 and 10, lambda ladder ; lanes 2–9, CgD
isolates. Two pairs of women were infected by strains with

indistinguishable PFGE patterns (see text).
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other strains of E. coli have been shown to colonize

the intestines of both female and male subjects for

several months [18].

Interestingly, the overall prevalence of TMP–SMZ-

resistant E. coli isolates causing UTI did not decrease

significantly over the two periods. The absence of a

decrease in TMP–SMZ resistance prevalence could be

attributed to the introduction of other resistant clonal

groups. Six additional ERIC2 PCR clonal groups

were identified and three of these groups included

strains that were resistant to TMP–SMZ. One of these

clonal groups (CgG) included strains that were re-

sistant to both TMP–SMZ and ciprofloxacin. In the

phase I study, three clonal groups accounted for 55%

of all TMP–SMZ-resistant E. coli causing UTI (CgA

alone accounted for 51%); in phase II CgA plus six

additional ERIC2 PCR clonal groups accounted for

32% of all TMP–SMZ-resistant E. coli causing UTI.

Results from this study suggest that fluctuation

over time in the distribution of E. coli clonal groups

causing UTI has the potential to influence the preva-

lence of resistant UTI in a community. It also shows

that the prevalence of drug-resistant UTI in a com-

munity may be attributable to a small number of

E. coli clonal groups. This may have clinical implica-

tions regarding selection of appropriate empirical

treatment of UTI within a given community. A sudden

introduction of a clonal group with a new drug-

resistance phenotype could rapidly alter the prevalence

of drug-resistant UTI in that community. Cost-

effective strategies to periodically review sensitivity

and resistance information for community UTI

should be explored.

In addition to CgA, we observed many instances

in which women were infected by E. coli with in-

distinguishable PFGE patterns. This included nine

different women infected by closely related CgC

strains. The PFGE data show several instances

in which women infected with genotypically in-

distinguishable strains visited the clinic either on the

same day or separated by only a few days. However,

these analyses were limited by the number of strains

sampled and the brief time periods studied.

Additionally, since we did not conduct strain typing

on all susceptible isolates from both studies it is

possible that we missed other examples of clonal

groups present during one or both study periods.

Although UTI is usually regarded as a sporadic

disease caused by organisms from the host’s own

intestinal flora, nosocomial and community-wide

outbreaks of E. coliUTI and pyelonephritis have been

described [2, 19, 20]. The degree of genetic homogen-

eity and the observed temporal and geographical

fluctuations of multiple clonal groups of E. coli in one

community suggests that this is more common than

previously thought, and lends support to the hypo-

thesis that uropathogenic clonal groups may be

spread by a common source, similar to the way an

enteric pathogen, such as E. coli O157:H7, causes

community-wide outbreaks after being disseminated

by contaminated foods [16, 21]. The observation that

women may routinely be infected by E. coli clonal

groups, such as CgA and CgC, also suggests that

members of a community may become colonized and

infected with uropathogens via exposure to a con-

taminated source, such as food.

As the prevalence of antimicrobial resistance con-

tinues to increase in the United States and globally

[9, 10], the hypothesis that epidemic lineages of uro-

pathogenic E. coli are spread by widely disseminated

contaminated products and contribute substantially

to drug-resistant UTI, deserves further examination.

The usual recommendation to restrict human use of

antimicrobial agents will have limited effect if this

mode of spread is responsible for a large proportion

of cases of community-acquired resistant UTI.

ACKNOWLEDGEMENTS

We thank the clinical laboratory staff at the

University Health Services for their assistance in en-

rolling patients and collecting samples. This material

is based upon work supported by the National

Kidney Foundation/Ocean Spray Cranberries,

Urinary Tract Health Research Grant (20021653) (to

L.W.R.) and the National Institutes of Health,

National Institute of Allergy and Infectious Diseases

(AI053754) (to L.W.R.).

DECLARATION OF INTEREST

None.

REFERENCES

1. Phillips I, King A, Rowe B, et al. Epidemic Multi-

resistant Escherichia coli infection in West Lambeth
Health District. Lancet 1988; i : 1038–1041.

2. Dalmau D, Navarro F, Mirelis B, Blanco J, Garau J,

Prats G. Escherichia coli bacteraemia. Serotype
O15:K52:H1 as a urinary pathogen. J Hosp Infect
1996; 34 : 233–234.

430 A. R. Manges and others

https://doi.org/10.1017/S0950268805005005 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268805005005


3. Johnson JR, Stell AL, O’Bryan TT, et al. Global mol-
ecular epidemiology of the O15:K52:H1 extraintestinal

pathogenic Escherichia coli clonal group: evidence of
distribution beyond Europe. J Clin Microbiol 2002; 40 :
1913–1923.

4. Prats G, Navarro F, Mirelis B, et al. Escherichia coli
serotype O15:K52:H1 as a uropathogenic clone. J Clin
Microbiol 2000; 38 : 201–209.

5. Manges AR, Johnson JR, Foxman B, O’Bryan TT,

Fullerton KE, Riley LW. Widespread distribution of
urinary tract infections caused by a multidrug-resistant
Escherichia coli clonal group. N Engl J Med 2001; 345 :

1007–1013.
6. Burman WJ, Breese PE, Murray BE, et al.

Conventional and molecular epidemiology of tri-

methoprim-sulfamethoxazole resistance among urinary
Escherichia coli isolates. Am J Med 2003; 115 : 358–
364.

7. Johnson JR, Manges AR, O’Bryan TT, Riley LW. A
disseminated multidrug-resistant clonal group of uro-
pathogenic Escherichia coli in pyelonephritis. Lancet
2002; 359 : 2249–2251.

8. Ramchandani M, Manges AR, DebRoy C, Smith SP,

Johnson JR, Riley LW. Possible animal origin of
human-associated, multidrug-resistant, uropathogenic

Escherichia coli. Clin Infect Dis 2005; 40 : 251–257.
9. Gupta K, Scholes D, Stamm WE. Increasing prevalence

of antimicrobial resistance among uropathogens caus-

ing acute uncomplicated cystitis in women. J Am Med
Assoc 1999; 281 : 736–738.

10. Gupta K, Sahm DF, Mayfield D, Stamm WE.

Antimicrobial resistance among uropathogens that
cause community-acquired urinary tract infections in
women: a nationwide analysis. Clin Infect Dis 2001; 33 :
89–94.

11. Hooten T, Stamm W. Diagnosis and treatment of
uncomplicated urinary tract infection. Infect Dis Clin
North Am 1997; 11 : 551–581.

12 NCCLS. Supplemental tables. Disk diffusion. Vol.
M100-S10. Wayne, PA: National Committee for

Clinical Laboratory Standards, 2000.
13. Sharples GJ, Lloyd RG. A novel repeated DNA

sequence located in the intergenic regions of

bacterial chromosomes. Nucleic Acids Res 1990; 18 :
6503–6508.

14. Hulton CSJ, Higgins CF, Sharp PM. ERIC sequences :
a novel family of repetitive elements in the genomes

of Escherichia coli, Salmonella typhimurium and other
enterobacteria. Mol Microbiol 1991; 5 : 825–834.

15. Johnson JR, O’Bryan TT. Improved repetitive-element

PCR fingerprinting for resolving pathogenic and non-
pathogenic phylogenetic groups within Escherichia coli.
Clin Diagn Lab Immunol 2000; 7 : 265–273.

16. Bender JB, Hedberg CW, Besser JM, Boxrud DJ,

MacDonald KL, Osterholm MT. Surveillance for
Escherichia coli O157:H7 infections in Minnesota by

molecular subtyping. N Engl J Med 1997; 337 : 388–
394.

17. Tenover FC, Arbeit RD, Goering RV, et al. Interpreting
chromosomal DNA restriction patterns produced by

pulsed-field gel electrophoresis : criteria for bacterial
strain typing. J Clin Microbiol 1995; 33 : 2233–2239.

18. Manges AR, Johnson JR, Riley LW. Intestinal popu-

lation dynamics of UTI-causing Escherichia coli within
heterosexual couples. Curr Issues Intest Microbiol
2004; 5 : 49–57.

19. Tullus K, Horlin K, Svenson SB, Kallenius G. Epidemic
outbreaks of acute pyelonephritis caused by nosocomial
spread of P fimbriated Escherichia coli in children.

J Infect Dis 1984; 150 : 728–736.
20. Olesen B, Kolmos HJ, Orskov F, Orskov I. Cluster of

multiresistant E. coli O78:H10 in greater Copenhagen.
Scand J Infect Dis 1994; 26 : 407–410.

21. Dorn CR. Review of foodborne outbreak of Escherichia
coli O157:H7 infection in the western United States.
J Am Vet Med Assoc 1993; 203 : 1583–1587.

E. coli clonal groups causing UTI 431

https://doi.org/10.1017/S0950268805005005 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268805005005

