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Gene cassettes of class 1 integrons in Escherichia coli isolates from urine specimens collected in Korea during
the last 2 decades were characterized. intI1 was detected in 54% of the isolates, yet gene cassette regions were
amplified in only 43% of the isolates. intI2 was detected in 29 (5%) isolates, and no intI3 was detected in this
study. Twenty-one different genes, including genes encoding resistance to antibiotics, an alcohol dehydrogenase
gene (adhE), and unknown genes, were detected. The genes most commonly found in class 1 integrons were
those for aminoglycoside and trimethoprim resistance. The occurrence of aminoglycoside resistance genes in
class 1 integrons decreased, and the presence of dfr genes increased rapidly, during the last 2 decades.
Single-gene cassettes were predominant during the 1980s, while multigene cassettes predominated from the
1990s on. The aadA1, aadA2, and blaP1–aadA2 gene cassettes were frequently found in isolates from the 1980s
but were not detected in isolates recovered since 2000. dfrA12–aadA2 and dfrA17–aadA5 were the most prevalent
gene cassettes among isolates recovered from the 1990s on. In conclusion, class 1 integrons would appear to
be responsible for resistance to antibiotics commonly used to treat urinary tract infections, and selection of a
specific gene cassette was found to occur over the course of time.

The pathogens causing urinary tract infections are almost
always predictable: Enterobacteriaceae, especially Escherichia
coli, are the primary etiologic agents among both outpatients
and inpatients. The prevalence of E. coli in urinary tract infec-
tions is currently estimated at 50 to 60% in Korea. Multiresis-
tance to various antibiotics has been commonly found in uri-
nary tract isolates of Enterobacteriaceae in Korea, where more
than 50% of the isolates are resistant to three or more antibi-
otics (6, 7), while only 7.1% of urinary tract isolates in the
United States are multiresistant to antibiotics (13). Antibiotic
resistance genes have frequently been found to be encoded by
determinants carried on mobile genetic elements, such as plas-
mids, transposons, and integrons, which are then responsible
for the horizontal transfer of antibiotic resistance genes (11).
The dissemination of antibiotic resistance genes has led to the
rapid emergence of antibiotic resistance among bacterial pop-
ulations.

Integrons are elements that participate in a powerful site-
specific recombination system and play a major role in spread-
ing antibiotic resistance genes in a clinical setting. Many anti-
biotic resistance genes found in gram-negative bacteria are
part of a gene cassette inserted into an integron (12). Four
classes of integrons have been identified according to their
respective integrase (intI) genes (1, 10, 12). Class 1 integrons
make up most of the integrons found in clinical isolates and are
strongly associated with multiple-antibiotic resistance (9). To

date, more than 50 different class 1 integrons and 60 different
gene cassettes have been described, including gene cassettes
conferring resistance to aminoglycosides, penicillins, cephalo-
sporins, carbapenems, trimethoprim, chloramphenicol, ri-
fampin, erythromycin, and quaternary ammonium compounds
(4). Several studies have already investigated the prevalence of
integrons and characterized gene cassettes in gram-negative
bacteria (3, 9, 14, 15). However, these studies have only eval-
uated clinical isolates recovered from restricted areas during
short periods. Accordingly, the aim of the present study was to
determine the incidence of integrons, to characterize the an-
tibiotic resistance genes inserted into class 1 integrons, and to
determine the changes in gene cassettes in class 1 integrons
among E. coli isolates from urine specimens collected in Korea
during the last 2 decades.

MATERIALS AND METHODS

Bacterial strains. A total of 621 E. coli strains were isolated at Kyungpook
National University Hospital, Daegu, Korea, during three time periods: 1980 to
1985 (n � 243), 1996 to 1997 (n � 177), and 2001 to 2002 (n � 201). Isolates were
obtained from urine specimens from patients with significant bacteriuria (�105

CFU/ml) and were identified by use of a standard biochemical test.
Template DNA preparation. The organisms were inoculated into 2 ml of

Trypticase soy broth (Difco, Detroit, Mich.) and were incubated for 20 h at 37°C
with shaking. The bacteria were then harvested by centrifugation at 10,000 � g
for 5 min. After the supernatant was removed, the pellet was resuspended in 500
�l of sterilized deionizing water. Next, the cells were lysed by boiling for 10 min,
and any cell debris was removed by centrifugation for 5 min at 11,500 � g. The
supernatant was then used as the source of the template for PCR amplification.

PCR amplification of integrase genes. To determine whether the E. coli
isolates carried integrons, the conserved regions of the int genes were amplified
with the degenerate primer pair hep35–hep36, and the PCR products were
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further restricted by using either RsaI or HinfI to determine the class of inte-
grons, as described by White et al. (15).

Amplification and sequencing of gene cassette regions. The gene cassette
regions for class 1 and class 2 integrons were amplified with primer pairs hep58–
hep59 and hep74–hep51, respectively, as described by White et al. (15, 16). To
determine whether different isolates carried identical gene cassette, the cassette
genes of every isolate were characterized. That is, each cassette gene PCR
amplification product with a distinctive size (number of base pairs) was se-
quenced. PCR products of the same size were compared by restriction fragment
length polymorphism to discover whether they had the same content. At least
two different restriction endonucleases were chosen for each restriction fragment
length polymorphism assay. To analyze the sequences of the gene cassette re-
gions of the integrons, the PCR products were ligated with a pGEM T-easy
vector (Promega, Madison, Wis.) and introduced into E. coli DH5� cells. Se-
quencing reactions were performed using a double-stranded plasmid preparation
by dideoxy chain termination with T7 and Sp6 primers.

Southern hybridization. Plasmid DNA was extracted by the method of Birn-
boim and Doly (2). After agarose gel electrophoresis of the plasmid, the dena-
tured DNAs were transferred to a positively charged nylon membrane (Boehr-
inger Mannheim, Mannheim, Germany) by using a capillary method. For the
hybridization assays, a digoxigenin DNA labeling and detection kit (Roche,
Mannheim, Germany) was used according to the manufacturer’s instructions.
Hybridization procedures were performed under high-stringency conditions. The
probes were labeled with digoxigenin-11-dUTP by random labeling methods, and
the probe for detecting the integrons used the purified PCR products of intI1.

RESULTS

Integron carriage in E. coli urinary tract isolates. The inci-
dence of class 1 and class 2 integrons among E. coli isolates
from urine specimens collected in Korea over the last 2 de-
cades is shown in Table 1. Among the 621 E. coli isolates
tested, intI1 and intI2 were detected in 333 (54%) and 29 (5%)
isolates, respectively. No intI3 was detected. Ten isolates car-
ried two different class 1 integrons, and eight isolates carried
both class 1 and class 2 integrons. The overall incidence of
integrons increased slightly, from 54% in isolates from the
1980s to 58% in isolates recovered since 2000.

Characterization of gene cassettes. To characterize the gene
cassettes in the integrons, the gene cassette regions were am-
plified and sequenced. Among the 334 isolates amplified, intI1
gene cassette regions were amplified in 276 isolates. The sizes
of the gene cassette regions ranged from 0.7 to 3.5 kb (Fig. 1).
No gene cassette regions were amplified for the remaining 58
isolates (9 isolates from 1980 to 1985, 17 isolates from 1996 to
1997, and 32 isolates from 2001 to 2002), possibly due to the
lack of a 3� conserved segment or modification of the primer
binding sites (15). Twenty-one different genes, including genes
encoding resistance to aminoglycosides (aadA1, aadA2,
aadA2-1, aadA5, aacA4, and aadB), �-lactams (blaP1 and
oxa2), chloramphenicol (catB, catB4, catB8, cmlA, and cmlA5),
or trimethoprim (dfrA1, dfrA5, dfrA7, dfrA12, and dfrA17), a

gene encoding an alcohol dehydrogenase enzyme (adhE), and
three unknown genes, were detected (Table 2). The genes most
commonly found among class 1 integrons were aminoglycoside
and trimethoprim resistance genes. Six isolates carried an in-
complete adhE gene; this gene encodes the alcohol dehydro-
genase E protein, which was first found in class 1 integrons,
indicating that class 1 integrons are associated with the transfer
of a gene encoding a metabolic enzyme. All the class 2 inte-
grons carried the same gene cassettes as those found in Tn7,
namely, dfrA1, sat1, and aadA1.

Changes of gene cassettes in class 1 integrons. The preva-
lences of aminoglycoside and trimethoprim resistance genes
associated with class 1 integrons in E. coli urinary tract isolates
were found to change over time. The incidence of aadA1
among the integrons was above 50% in 1980 but thereafter
decreased rapidly up to the present. The incidence of aadA2
increased beginning in 1980, reached 50% in 1985, and then
decreased to below 25% from the 1990s on (Fig. 2). These
changes may have been caused by the emergence of the
dfrA12–aadA2 gene cassette in 1983 and the disappearance of
the blaP1–aadA2 gene cassette in the 1990s. Only two dfr
(trimethoprim resistance gene) types, dfrA1 and dfrA12, were
detected in the 1980s, while three different dfr types, dfrA5,
dfrA7, and dfrA17, were newly detected in the 1990s. Among
the dfr genes, dfrA12 and dfrA17 were commonly detected in

FIG. 1. PCR products of 21 different gene cassettes in class 1 (lanes
1 to 21) and class 2 (lane 22) integrons. Lanes: 1, aadA2-1; 2, aacA4;
3, dfrA1–unknown open reading frame; 4, aadB–oxa2; 5, blaP1–aadA1;
6, aadA1; 7, aadA2; 8, blaP1–aadA2; 9, dfrA12–aadA2; 10, dfrA17–
aadA5; 11, dfrA1–aadA2; 12, adhE�; 13, aacA4–catB4–dfrA1–unknown
gene; 14, dfrA5; 15, dfrA7; 16, aadB–aadA1; 17, aadB–cmlA5; 18,
aacA4–aadA2; 19, aadB–cmlA; 20, unknown open reading frame–
aacA4–catB8; 21, aacA4–catB; 22, dfrA1–sat–aadA; M, lambda DNA
fragments digested by HindIII.

TABLE 1. Incidence of integrons in E. coli isolates

Yr isolated
No. of
isolates
tested

No. of isolates carrying: Total no. (%)
of isolates

carrying intI1
and/or intI2

intI1 intI2 intI1 and
intI2

1980–1985 243 121a 5 5 131 (53.9)
1996–1997 177 99b 4 1 104 (57.6)
2001–2002 201 98c 4 2 104 (58.2)

a One isolate carried two kinds of gene cassettes.
b Six isolates carried two kinds of gene cassettes.
c Three isolates carried two kinds of gene cassettes.
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class 1 integrons from isolates recovered in the 1990s and 2001
to 2002.

Genetic localization of class 1 integrons. Twenty isolates
were randomly selected, and class 1 integrons were localized by
Southern hybridization. The plasmid patterns of the original
isolates were very different from each other, yet the intI1 gene
was hybridized at plasmids of similar sizes (70 to 90 kb) in most
of the isolates (data not shown). The plasmids of one isolate
did not hybridize with the intI1 gene. This strain may have
harbored the integron in a chromosome.

DISCUSSION

The present study characterized class 1 integrons and cas-
sette genes conferring resistance to several classes of antibiot-
ics in E. coli isolates collected in cases of urinary tract infection
during the last 2 decades. Among 621 E. coli isolates, 339
(54.6%) included a class 1 integron, as detected by PCR with
primers specific for intI. Other reports have also revealed the
prevalence of class 1 integrons in gram-negative clinical iso-
lates—54% in Taiwan (14), 59% in France (3), and 49% in
Australia (15)—indicating that class 1 integrons are wide-
spread among gram-negative clinical isolates.

Three significant gene cassette changes were detected in
class 1 integrons during the last 2 decades in Korea. First,
cassette genes encoding resistance to aminoglycosides were
found to be predominant in the class 1 integrons of E. coli
isolates from the 1980s, but their prevalence was slightly de-
creased by early 2000 (Fig. 2A). Second, only one cassette gene
encoding resistance to trimethoprim was detected until 1982,
but since the introduction of the dfrA12 and dfrA17 cassette
genes to class 1 integrons in 1983 and the late 1980s and in the
early 1990s, respectively, the prevalence of dfr cassettes has

increased rapidly up to the present (Fig. 2B). Finally, the gene
cassettes of 51.3% (58 of 113) of the class 1 integrons isolated
during the 1980s were composed of a single cassette gene,
while most of the gene cassettes isolated during the 1990s and
since 2000 were composed of two or more cassette genes. The
first and second changes may have been caused by antibiotic
selective pressure. Aminoglycoside antibiotics were widely
used for treating urinary tract infections in Korea during the
1980s. In the 1990s, however, quinolone and trimethoprim-
sulfamethoxazole were preferred for treating E. coli infections
in Korea. Such specific selection pressure may have supported
the acquisition and maintenance of a trimethoprim resistance
cassette by class 1 integrons and may also explain the increase
in the number of different types of cassettes encoding dihydro-
folate reductase. Furthermore, all the dfr cassettes, except for
one, were located directly behind the 5� conserved segment,
which is closest to the promoter, thereby providing high-level
expression and conditional resistance. In the present study, the
increase in the prevalence of multiple-gene cassettes in class 1
integrons during the last 2 decades supports the suggestion
that class 1 integrons facilitate their bacterial hosts’ acquisition
of resistance to a broad spectrum of antibiotic agents (12).

Based on the present results, the gene cassettes most com-
monly detected among class 1 integrons of E. coli isolates from
the 1990s and 2000 to 2001 were dfrA17–aadA5 and dfrA12–
aadA2. Although the dfrA12–aadA2 gene cassette was first
detected in E. coli isolates from 1983, it is not known exactly
when dfrA17–aadA5 was introduced to class 1 integrons. Lee et
al. have reported that dfrA17 and dfrA12 were commonly de-
tected among dfr genes in E. coli urinary tract isolates recov-
ered from the same hospital during 1994 to 1996 (8). There-
fore, dfrA17 may have been introduced to class 1 integrons in
the late 1980s or early 1990s. Furthermore, the aadA5 cassette

TABLE 2. Characterization and incidence of gene cassettes in class 1 integrons of E. coli isolated during the last 2 decades

Gene cassette
No. of gene cassettes

1980 1981 1982 1983 1984 1985 1996 1997 2001 2002 Total

aadA1 13 10 6 6 2 2 3 51
aadA2 4 3 2 1 2 12
aadA2-1 1 1
aacA4 1 1
dfrA5 2 4 1 7
dfrA7 1 1
adhE� 1 1 4 6
aadB–aadA1 2 1 3
aacA4–aadA2 2 2
aadB–cmlA 2 1 3
aadB–cmlA5 1 6 7
aacA4–calB 1 1 2
blaP1–aadA1 5 1 1 8
blaP1–aadA2 1 7 5 6 7 26
aadB–oxa2 1 2 3
dfrA1–unknown ORFa 1 1
dfrA1–aadA2 4 4 1 1 10
dfrA12–aadA2 5 7 6 14 8 12 10 62
dfrA17–aadA5 16 11 16 14 57
Unknown ORF aacA4–catB8 1 1
aacA4–catB4–dfrA1–unknown gene 1 1 1 3

Total 24 14 10 19 20 17 44 41 37 32 267

a ORF, open reading frame.
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gene was detected only with the dfrA17 cassette gene, indicat-
ing that the dfrA17 and aadA5 cassette genes were introduced
to class 1 integrons almost simultaneously, during 1986 to 1993,
in Korea. The same combinations of cassette genes in class 1
integrons, such as aadA, blaP1–aadA2, dfrA12–aadA2, and
dfrA17–aadA5, have also been detected in other areas of the
world. For example, the dfrA12–aadA2 gene cassette pattern
has been reported for E. coli urinary tract isolates recovered
from Taiwan, Turkey, and Finland (3, 5), while the dfrA17–
aadA5 gene cassette was recently found in E. coli urinary tract
isolates from Australia and Taiwan (3, 16).

These results suggest that international travel and the im-
port and export of animals may contribute to the dissemination
of class 1 integrons or their host strains to different areas in the
world. In addition, some researchers have proposed that gene
cassettes become stably integrated over a long period (3, 9).
Moreover, transfer of the entire integron, via a plasmid or
transposon, is more frequent than single-gene mobilization or
integration within the integron (9). In the present study, most
integrons were located in plasmids and could be transferred to
other strains. Yet the prevalence of each particular combina-
tion gene cassette differed according to the geographic area. In

FIG. 2. Changes in prevalence of gene cassettes encoding aminoglycoside resistance (A) or trimethoprim resistance (B) among class 1 integrons
during the last 2 decades. Numbers of aminoglycoside or trimethoprim resistance genes detected are expressed as percentages of the total number
of cassette genes isolated.
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Taiwan, dfrA12–orfF–aadA2 was the gene cassette most com-
monly detected in E. coli strains isolated in 1993 and 1994,
whereas in Australia, aadA1 was the gene cassette most fre-
quently identified in E. coli strains isolated from 1998 to 1999
(3, 15). The results from Taiwan and Australia were similar to
those for E. coli isolates from the 1990s and 1980s, respectively,
in the present study. The differences in prevalence among
different countries may have been caused by the different an-
tibiotic therapy regimens used for bacterial infections in each
country.

A new gene cassette, an incomplete adhE gene encoding the
alcohol dehydrogenase E protein, was found in six isolates. It
could have been picked up through an aberrant recombination
event during integron transfer and may provide no selective
advantage for the organism.

In conclusion, class 1 integrons were found to be widely
disseminated among E. coli urinary tract isolates in Korea; the
gene cassettes were continuously changed based on antibiotic
selective pressure; and their sizes were increased by the intro-
duction of new cassette genes. The location of integrons in
plasmids may contribute to the horizontal dissemination of
antibiotic resistance gene cassettes. Furthermore, antibiotic
resistance genes and gene cassettes associated with metabolites
were both introduced into class 1 integrons. Accordingly, the
study of integrons and their associated gene cassettes can pro-
vide important information on the mechanisms of acquisition
of multiple antibiotic resistance genes in clinical isolates.
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