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Escherichia coli clonal group A isolates cause infections in people. We investigated 158 phylogroup D E. coli
isolates from animals, meat, and humans. Twenty-five of these isolates were of clonal group A, and 15 isolates
were shown to cause infection in a mouse urinary tract infection (UTI) model. We conclude that clonal group
A isolates are found in both broiler chickens and broiler chicken meat and may cause UTI in humans.

Urinary tract infection (UTI) is one of the most common
bacterial infections and is mainly caused by Escherichia coli.
Clonal groups and epidemic strains that cause UTI have been
identified by many methods, including serotyping, multilocus
sequence typing (MLST), and PCR (11, 16, 18, 22). A recently
characterized group causing invasive disease in humans, par-
ticularly UTI, is clonal group A (CgA). The CgA isolates are
closely related to the clonal O15:K52:H1 group. CgA isolates
are characterized by belonging to phylogroup D and MLST
clonal complex 69 (CC69) and often possess resistance to tri-
methoprim-sulfonamides (3, 9). In Denmark, the frequency of
resistance to sulfonamides—the drugs of choice for treatment
of uncomplicated UTI—has remained constant (�40%) dur-
ing the past years despite a decline in their use in humans. The
level of resistance to trimethoprim, also frequently used for
treatment of UTI, has increased significantly, to 34% (1). Re-
cent studies have suggested that animals and food may be the
source of antimicrobial-resistant extraintestinal pathogenic E.
coli isolates (19). The distribution of CgA isolates has mainly
been investigated in North America, although a few CgA iso-
lates have been identified among UTI E. coli isolates from
Europe, South America, and the Middle East (2, 3, 10–12,
14–17). Furthermore, the sources of CgA isolates have re-
ceived little investigation. We therefore examined a temporally
and geographically matched collection, obtained in Denmark,
of E. coli isolates from animals, meat, community-dwelling
humans, and UTI patients for the presence of CgA isolates and
studied their clonal relationship, as well as their virulence in
a mouse model of UTI, which is representative for UTI (4,
6, 21).

A total of 964 E. coli isolates from Danish healthy broiler
chickens (n � 138), Danish (n � 197) and imported (n � 86)
broiler chicken meat, Danish healthy pigs (n � 145), Danish (n �
177) and imported (n � 10) pork, community-dwelling humans
(n � 109) (all collected in Denmark in 2004 using stratified

sampling schemes), and UTI patients (n � 102 total; 21 tri-
methoprim-sulfonamide resistant) (collected in one region of
Denmark in 2005 to 2006) were previously analyzed for phy-
logroups (A, B1, B2, and D) (8). Sampling of community-
dwelling human isolates was approved by the Frederiksberg
scientific ethical committee [(KF) 01-006/02]. Of these 964
isolates, 158 isolates from all origins (except imported pork)
belonged to phylogroup D (Table 1). These 158 E. coli phylo-
group D isolates were screened by PCR for CgA-associated
single-nucleotide polymorphisms (SNPs) in fumC and gyrB
(11). The presence of these SNPs identified strains belonging
to CC69 and excluded strains belonging to the closely related
CC394. Among the 158 tested phylogroup D isolates, 25 CgA
isolates were detected from broiler chickens, Danish broiler
chicken meat, community-dwelling humans, and UTI patients,
as shown in Table 1. This suggests that broiler chickens and
broiler chicken meat may be the source of CgA isolates in
humans. To our knowledge, CgA isolates have been detected
only among animal isolates (including cows, turkeys, chickens,
dogs, cats, etc.) in one study in the United States (19). Al-
though no CgA isolates were detected among pork and pigs,
there was no significant difference between the number of CgA
isolates from Danish broiler chickens and broiler chicken meat
collectively versus the number from pork and pigs collectively
(9 CgA isolates out of 80 versus 0 CgA isolates out of 28, P �
0.1080, Fisher’s exact test [two-tailed], GraphPad Prism 5;
GraphPad Software, San Diego, CA). Thus, we cannot exclude
such isolate origins as possible reservoirs. The detection of
CgA isolates from UTI patients also supported previous find-
ings of a widespread global emergence of CgA isolates among
uropathogenic E. coli (UPEC) (2, 3, 10–12, 14–17).

CgA isolates were investigated for phenotypic resistance to
sulfamethoxazole and trimethoprim (8). CgA isolates are re-
ported to be responsible for up to 50% of the trimethoprim-
sulfonamide-resistant E. coli isolates from U.S. women with
acute uncomplicated cystitis and pyelonephritis (10, 15, 16). In
our study, five UTI CgA isolates were resistant to both sulfa-
methoxazole and trimethoprim (Table 1). Thus, the CgA iso-
lates accounted for 24% (5/21) of the sulfamethoxazole-tri-
methoprim-resistant isolates from the Danish UTI patients.
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Three broiler chicken isolates were resistant to sulfamethox-
azole and trimethoprim (Table 1). Broiler chicken isolates may
contribute to the high resistance to these antimicrobials ob-
served in UPEC in Denmark since these antimicrobial agents
are used for broiler chickens (1).

The 25 identified CgA isolates and the CgA reference strain
ATCC BAA-457 (from a female UTI patient in California)
were subjected to pulsed-field gel electrophoresis (PFGE) with
XbaI using the protocol made available by the CDC’s PulseNet
(5, 20). The PFGE patterns were interpreted according to the
protocol of Tenover et al. (23). No CgA animal or meat iso-
lates had PFGE profiles related to those of any human isolates.
As PFGE is a highly discriminatory method, it would have
been surprising to find animal or meat isolates with PFGE
profiles possibly or closely clonally related to those of human
isolates. However, two community-dwelling-human isolates
were closely related to a UTI isolate (differences of 1 to 3
bands), and two sets of two UTI isolates were closely related (a
difference of 3 bands) and indistinguishable, respectively (Ta-
ble 1). Further, two UTI isolates and a community-dwelling
human isolate were possibly related to the CgA reference

isolate ATCC BAA-457 (Table 1). To our knowledge, the
humans were unrelated (e.g., none shared addresses or sur-
names, and the isolates were obtained �1 month apart except
for the UTI isolates 27-a and 35-a). An epidemiological study
has previously identified frequent pork and chicken consump-
tion to be associated with multidrug-resistant UTI (13). We
speculate that meat (or other food) may have been a common
source of such isolates since the meat, produced at Danish
slaughterhouses, is distributed nationwide. Direct contact with
animals following transmission of isolates may also be possible;
however, it was not investigated in this study. The possibility
that the PFGE profiles of one community-dwelling human and
two UTI isolates are related to the PFGE profile of the ATCC
BAA-457 isolate is surprising considering the geographical dis-
tance and absence of any apparent epidemiological connec-
tions. However, other studies have likewise reported PFGE
similarities of UTI isolates obtained in Chicago, IL, and Cu-
ritiba and Rio de Janeiro, Brazil, to the ATCC BAA-457 iso-
late (2, 3, 12). We have no explanation for this finding, but
there is a possibility that the BAA-457 isolate belongs to an
epidemic, broadly disseminated E. coli lineage. This could be
the case since another study also detected PFGE-related CgA
isolates from geographical locations as distinct as Montréal,
Canada, and California (14).

All 14 CgA isolates from broiler chickens, broiler chicken
meat, and community-dwelling humans, as well as a UTI CgA
isolate, the CgA reference isolate (ATCC BAA-457), and E.
coli strain D1923 (O rough:H�; negative control) were inves-
tigated for virulence in the UTI mouse model described ear-
lier, with two modifications (animal inspectorate approval no.
2004/561-835) (7). The model is representative for the human
UTI (4, 6, 21). In this study, we used OF-1 mice (Charles River
Laboratories, France), and urine, bladders, and kidneys were
collected after 96 h. To our knowledge, this is the first study to
investigate the in vivo virulence of CgA E. coli isolates from
animals and meat. Only once before has in vivo virulence in the
UTI mouse model of commensal isolates from production
animals and meat been demonstrated (7). All of the CgA
isolates tested (including UTI isolate 175-a and ATCC BA-
457) were virulent, i.e., all isolates yielded positive bladder and
urine cultures, and 13 of the isolates gave kidney infection as
well (Fig. 1). The community-dwelling human isolate 2171C04
and the ATCC BAA-457 isolate, which were possibly related
based on their PFGE profiles, had similar bacterial counts in
urine, bladder, and kidneys (P � 0.05, Mann-Whitney test
[two-tailed], GraphPad Prism 5). This was likewise found for
the closely related community-dwelling-human isolates
1944C04 and 2559C04 (P � 0.05, Mann-Whitney test [two-
tailed], GraphPad Prism 5). This may support the finding of
relatedness by PFGE. The negative-control strain failed to
produce any bacterial counts above the detection limit except
for one positive bladder culture. This finding clearly demon-
strates that CgA isolates from meat and animals are capable of
causing UTIs in humans; hence, UTI is at times a zoonosis. It
is especially worrisome that mouse kidneys were also infected,
as this suggests that these CgA isolates from broiler chickens
and broiler chicken meat are capable of causing severe infec-
tions, such as complicated pyelonephritis.

In conclusion, detection of CgA isolates among broiler chick-
ens, broiler chicken meat, community-dwelling humans, and

TABLE 1. Occurrence of clonal group A isolates, sulfamethoxazole
and trimethoprim resistance, and related PFGE profiles among

phylogroup D E. coli isolates from various sources

Source (no. of E. coli
isolates)

No. (%) of
CgA

isolates
Isolate Drug

resistancea

Related
PFGE

profilesb

Danish broiler chickens
(30)

5 (17) 7630114-1

7630135-1 SUL, TRI
7630311-1
7630534-1 SUL, TRI
7630634-1 SUL, TRI

Danish broiler chicken 4 (10) 7633036-3
meat (40) 7633041-7

7633080-10
7633083-6

Imported broiler chicken
meat (10)

0 (0)

Danish pigs (16) 0 (0)
Danish pork (12) 0 (0)

Community-dwelling 5 (19) 1944C04 A
humans (27) 2171C04 B

2231C04
2559C04 A
2656C04

UTI patients (23) 11 (48) 27-a SUL, TRI C
35-a SUL, TRI C
104-a SUL B
140-a SUL
173-a SUL
175-a SUL, TRI
182-a D
187-a SUL, TRI A
195-a SUL, TRI B
275-a D
303-a SUL

a SUL, sulfamethoxazole; TRI, trimethoprim.
b A, two community-dwelling human isolates and one UTI isolate had closely

related PFGE profiles; B, one community-dwelling human isolate and two UTI
isolates had PFGE profiles possibly related to that of the ATCC BAA-457 strain;
C, two UTI isolates had closely related PFGE profiles; D, two UTI isolates had
indistinguishable profiles.
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FIG. 1. Bacterial counts in urine, bladder, and kidneys of mice killed 72 hours after inoculation with the different clonal group A E. coli
phylogroup D isolates from healthy broiler chickens (a to e), broiler chicken (b.c.) meat (f to i), community-dwelling (Comm.) humans (j to n),
a UTI patient (o), and CgA reference isolate ATCC BAA-457 (p). Each point represents the result for one mouse. The short horizontal lines
represent the median bacterial counts. The dotted lines indicate the detection limit of 25 CFU/ml.
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UTI patients suggests that there is an animal reservoir of CgA
isolates. No CgA animal or meat isolates in this study, though,
had PFGE profiles related to those of any human isolates. How-
ever, several community-dwelling human and UTI isolates were
related, and we speculate that meat may have been a common
source of such isolates. Finally, CgA isolates from broiler chick-
ens, broiler chicken meat, and community-dwelling humans
caused infection in the urine, bladder, and kidneys of mice, pro-
viding important circumstantial evidence that UTI is at times a
zoonosis.
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