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Antimicrobial Resistance, Class 1 Integrons and
Extended-Spectrum β-Lactamases in Escherichia coli
Clinical Isolates from Patients in South Thailand
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Five hundred and ninety seven Escherichia coli (E. coli) isolates were obtained from clinical specimens at
the Songklanagarind Hospital in Songkhla Province, Thailand during 2003–2005. Antimicrobial susceptibilities
to ten antimicrobial agents were tested by a standard disk diffusion method. The presence of class 1 integrons
was based on the detection of the integrase gene (intI1) by PCR. Extended-spectrum β-lactamases (ESBLs) were
detected by a combination disk method. The highest percentage of resistance was found to ciprofloxacin (40.5%),
norfloxacin (39.0%), and cefuroxime (33.2%). The IntI1 was detected in 59.5% of the tested isolates. Resistance
to gentamicin, cefazolin, cefuroxime, cefotaxime, ceftriaxone, norfloxacin, and ciprofloxacin was significantly
higher in class 1 integron-positive isolates (p< 0.05). The most prominent resistance pattern was for norfloxacin-
ciprofloxacin (17.7%). ESBLs were detected in 75 out of 597 (12.6%) isolates; 56/302 (18.5%) and 19/295 (6.4%)
were from hospitalized and non-hospitalized patients, respectively. Seventy-five percent of ESBL-positive strains
were integron-positive isolates. Imipenem and meropenem were still able to inhibit all ESBL-producing strains.
The results indicated that class 1 integrons are widely prevalent among clinical isolates of resistant E. coli especially
in ESBL-producers and are probably a reservoir for producing multidrug resistance and nosocomial infections in
hospitals.
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INTRODUCTION

Extended-spectrum β-lactamase (ESBL)-
producing Escherichia coli (E. coli) is an emerging
pathogen.1) Outbreaks due to ESBL-producing
organisms have been reported from hospitals all
over the world.2–6) It has been recognized as
an important cause of nosocomial infections.7)

ESBL-producing isolates are not only resistant to
β-lactams (penicillins, first-, second-, and third-
generation cephalosporins, and aztreonam) but also
aminoglycosides, tetracyclines, chloramphenicol,
trimethoprim, sulfonamides, and quinolones. In ad-
dition, many of the more recently described ESBL
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genes are frequently found within integron-like
structures.3, 8, 9) Integrons appear to play an impor-
tant role in the transfer of antibiotic resistance in E.
coli derived from animals and humans because they
can capture, integrate, and express gene cassettes
encoding antibiotic resistance.10–19) However, there
have been only a few reports on ESBL-producing
bacteria isolated in Thailand.5, 20–23) Our objective
for this study was to determine the prevalence
of resistance factors, including the production of
ESBL and the presence of class 1 integrons, in E.
coli isolated from clinical specimens obtained at
the Songklanagarind Hospital the major university
hospital in southern Thailand.

MATERIALS AND METHODS

Clinical Isolates —— A total of 597 E. coli iso-
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lates each collected from a single patient as a
clinical specimen: urine (446), blood (45), pus
(40), body fluid (30), sputum (16), and others
(20) from 295 non-hospitalized and 302 hospital-
ized (> 48 hr) patients from Songklanagarind Hos-
pital, a modern tertiary care university hospital in
southern Thailand during July 2003–August 2005.
All isolates appearing as Gram-negative, nonspore-
forming rods, fermenting lactose with gas produc-
tion within 48 hr at 35◦C, demonstrating Indole test,
Methyl Red test, Voges Proskauer test and Citrate
test (IMViC) patterns of positive-positive-negative-
negative (++−−), urease negative, and hydrogen
sulfide negative were considered to be E. coli.24) All
isolates were maintained in 15% glycerol at −80◦C.
Antimicrobial Susceptibility Test and ESBL
Detection —— Susceptibility to 10 antimicrobial
agents commonly used in the treatment of Gram-
negative bacterial infections [amikacin (AMK)
30 µg, gentamicin (GEN) 10 µg, cephazolin (FAM)
30 µg, cefuroxime (CXM) 30 µg, cefotaxime (CTX)
30 µg, ceftriaxone (CRO) 30 µg, imipenem (IMP)
10 µg, meropenem (MEM) 10 µg, norfloxacin
(NOR) 10 µg, and ciprofloxacin (CIP) 5 µg] was
determined by the standard disk diffusion method
following Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines.25) All intermediate suscep-
tible strains were considered to be resistant strains.
The presence of the ESBL phenotype was initially
screened using four antimicrobial disks containing
CTX (30 µg), CRO (30 µg), ceftazidime (30 µg) and
cefpodoxime (10 µg). The phenotypic confirma-
tory test used the clavulanate double-disk synergy
method, was carried out with disks containing cef-
tazidime (30 µg) and CTX (30 µg) either alone or in
combination with clavulanic acid (30/10 µg, oxoid).
The results were interpreted according to CLSI.25)

Quality control was performed using E. coli ATCC
25922 and Klebsiella pneumoniae (K. pneumoniae)
ATCC 700603.
Detection of Class 1 Integrons —— Integrons
were detected using a multiplex PCR that tar-
getted three conserved sequences of class 1 in-
tegrons including qacEΔ1 (gene encoding resis-
tance to quaternary ammonium compounds), intI1
(integrase gene), and sul1 (sulphonamide resis-
tance gene), as previously described.19) Primer pairs
were purchased from a commercial source (QIA-
GEN Operon GmbH, Cologne, Germany). Primers,
(reported from 5′ to 3′) included, GGTTCGAAT-
GTCGTAACCGC and ACGCCCTTGAGCGGAA-
GTATC for amplification of the intI1 gene, ATCA-

GACGTCGTGGATGTCG and CGAAGAACCG-
CACAATCTCG for amplification of the sul1 gene
and GAGGGCTTTACTAAGCTTGC and ATACC-
TACAAAGCCCCACGC for amplification of the
qacEΔ1 gene. Template DNA was prepared by boil-
ing overnight cultures in 0.2% Triton-X for 10 min.
Boiled cultures were cooled on ice for 5 min and
1 µl volumes were used immediately for PCR us-
ing a PTC-100TM Peltier thermocyler, MJ Research,
Inc. (Waltham, Massachusetts, U.S.A.) with the fol-
lowing cycle: one cycle of 94◦C for 4 min; 10
“touchdown” cycles of 94◦C for 1 min, 65◦C for
30 s (decreasing 1◦C/cycle), 70◦C for 2 min; 24
cycles of 94◦C for 1 min, 55◦C for 30 s, 70◦C
for 2 min; and one final cycle of 70◦C for 5 min.
Salmonella enterica serovar Typhimurium DT104,
a known carrier of a class 1 integron, was used as
a positive control. The PCR products were visual-
ized by ethidium bromide staining after agarose gel
electrophoresis. The prevalence of class 1 integrons
was based on the presence of the intI1 gene.
Statistical Analysis —— The χ2 test was used to
determine any significant differences in resistance
or prevalence where appropriate. Differences were
considered significant at p< 0.05.

RESULTS

Prevalence of Class 1 Integrons and ESBL in E.
coli

Class 1 integrons, as indicated by the presence
of intI1 was detected in 355 (59.5%) E. coli clin-
ical isolates. One hundred and sixty-six isolates
(27.8%) contained all three conserved genes asso-
ciated with class 1 integrons (intI1, qacEΔ1, sul1)
and 214 isolates (35.8%) contained only sul1. The
occurrence of a class 1 integron was similar among
the isolates from hospitalized and non-hospitalized
patients (60.3 and 58.6%, respectively) as shown in
Table 1.

Of the 597 isolates tested, ESBL production
was demonstrated in 75 isolates (12.6%). ESBL-
positive isolates were recovered from the follow-
ing specimens: urine 62.7%, pus 12.0%, body fluid
9.3%, blood 8.0%, sputum 5.3%, and other tissues
2.7%. ESBL production was more prevalent in
isolates from hospitalized (18.5%) compared with
non-hospitalized patients (6.4%). Class 1 integrons
were more frequently found among ESBL-positive
(56/75, 74.7%) than among ESBL-negative (19/75,
57.3%) E. coli strains (p< 0.05).
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Table 1. Prevalence of Integrase Genes and Integron Component Genes in E. coli from Hospitalized and
Non-hospitalized Patients

Hospitalized patients Non-hospitalized patients Total
(n = 302) (n = 295) (n = 597)

IntI1 (i) 182 (60.3)a) 173 (58.6)a) 355 (59.5)
SulI (s) 109 (36.1)a) 105 (35.6)a) 214 (35.8)
All three conserved genes (i, s, q) 80 (26.5)a) 86 (29.2)a) 166 (27.8)
None 91 (30.1)a) 103 (34.9)a) 194 (32.5)

Data shows numbers and percentages of clinical E. coli isolates carrying class 1 integrons and genes associated with
integrons, as determined by multiplex PCR. q, qacEΔ; i intI1; s, sul1. a) Values within the same row are not significantly
different (p > 0.05).

Table 2. Antimicrobial Resistance in E. coli with Respect to ESBL Production and Presence of Class 1 Integrons

Antimicrobial agents Resistance (%) p Resistance (%) p Total
ESBL-positive ESBL-negative Integron-positive Integron-negative (n = 597)

(n = 75) (n = 522) (n = 355) (n = 242)
Amikacin 35 (46.7) 29 (5.6) < .001 37(10.4) 27(11.2) .776 64(10.7)
Gentamicin 61 (81.3) 59(11.3) < .001 88(24.8) 32(13.2) < .001 120(20.1)
Cephazolin 74 (98.7) 86(16.5) < .001 113(31.8) 47(19.4) < .001 160(26.8)
Cefuroxime 75(100.0) 123(23.6) < .001 134(37.7) 64(26.4) .004 198(33.2)
Cefotaxime 73 (97.3) 24 (4.6) < .001 67(18.9) 30(12.4) .035 97(16.2)
Ceftriaxone 74 (98.7) 26 (5.0) < .001 69(19.4) 31(12.8) .033 100(16.8)
Imipenem 0 (0.0) 2 (0.4) NA 2 (0.6) 0 (0.0) NA 2 (0.3)
Meropenem 0 (0.0) 3 (0.6) NA 2 (0.6) 1 (0.4) NA 3 (0.5)
Norfloxacin 56 (74.7) 177(33.9) < .001 158(44.5) 75(31.0) < .001 233(39.0)
Ciprofloxacin 58 (77.3) 184(35.2) < .001 166(46.8) 76(31.4) < .001 242(40.5)

Antimicrobial Susceptibility
The antimicrobial susceptibility of E. coli iso-

lates is shown in Table 2. Overall, the highest per-
centage of resistance was found to CIP (40.5%),
NOR (39.0%), CXM (33.2%), FAM (26.8%),
GEN (20.1%), CRO (16.8%), CTX (16.2%), AMK
(10.7%), MEM (0.5%), and IMP (0.3%). Resis-
tance to all antimicrobials tested except for IMP and
MEM, was significantly more common (p< 0.05) in
ESBL-positive isolates than in ESBL-negative iso-
lates.

All ESBL-producing isolates were multidrug re-
sistant (MDR) from 3 to 8 antimicrobials, whilst
only 52.5% of ESBL-negative isolates were resis-
tant to at least one antimicrobial, and 75.5% of those
resistant isolates were MDR strains (Table 3).

Table 3 provides a comparison of the re-
sistance patterns for ESBL-positive and ESBL-
negative E. coli isolates. A total of 12 different
resistance patterns were observed among the 75
ESBL-producing isolates. The most frequent pat-
tern was GEN-FAM-CXM-CTX-CRO-NOR-CIP
(33.3%), followed by AMK-GEN-FAM-CXM-
CTX-CRO-NOR-CIP (28.0%) and AMK-GEN-
FAM-CXM-CTX-CRO (12.0%). Forty-three resis-

tance patterns were found among the 276 drug re-
sistant ESBL-negative isolates. The top three re-
sistance patterns were NOR-CIP (22.5%), CXM-
NOR-CIP (11.6%), and GEN-NOR-CIP and FAM
(7.6%). Only five resistance patterns were com-
mon to both groups. In addition, among the ESBL-
negative isolates the MDR pattern was more preva-
lent in the integron-positive (45.8%) compared with
the integron-negative strains (31.4%, p< 0.05).

DISCUSSION

In Asia, the prevalence of ESBL-positive iso-
lates among clinical isolates of E. coli has been
shown to vary among countries. National survey
data have indicated the presence of ESBLs in 5 to
8% of E. coli isolates from Korea, Japan, Malaysia
and Singapore but in 12–24% in Thailand, Tai-
wan, the Philippines, Indonesia, Hong Kong and
China.2, 6, 7) In the present study, the prevalence
of ESBL-positive isolates from various sources in
a major university hospital in the south of Thai-
land was 12.6%. A study by Jitsurong and Yo-
dsawat5) documented only a 5.1% prevalence of
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Table 3. Antibiotic Patterns among ESBL-positive and ESBL-negative E. coli

Resistance pattern
ESBL-positive E. coli (n = 75) No. of isolates (%) ESBL-negative E. coli (n = 276) No. of isolates (%)
Resistance to 8 antimicrobials Resistance to 9 antimicrobials

AMK-GEN-FAM-CXM-CTX-CRO-NOR-CIP 21 (28.0) AMK-GEN-FAM-CXM-CTX-CRO-IPM-NOR-CIP 1 (0.4)
Resistance to 7 antimicrobials Resistance to 7 antimicrobials

GEN-FAM-CXM-CTX-CRO-NOR-CIP 25 (33.3) GEN-FAM-CXM-CTX-CRO-NOR-CIP 2 (0.7)
AMK-FAM-CXM-CTX-CRO-NOR-CIP 2 (2.7) AMK-FAM-CXM-CTX-CRO-NOR-CIP 1 (0.4)
AMK-GEN-FAM-CXM-CTX-CRO-CIP 1 (1.3) FAM-CXM-CTX-CRO-IMP-MEM-CIP 1 (0.4)

Resistance to 6 antimicrobials FAM-CXM-CTX-CRO-MEM-NOR-CIP 1 (0.4)
AMK-GEN-FAM-CXM-CTX-CRO 9 (12.0) Resistance to 6 antimicrobials
FAM-CXM-CTX-CRO-NOR-CIP 6 (8.0) FAM-CXM-CTX-CRO-NOR-CIP 5 (1.8)
GEN-FAM-CXM-CTX CRO-CIP 1 (1.3) FAM-CXM-CTX-CRO-MEM-CIP 1 (0.4)
GEN-FAM-CXM-CRO-NOR-CIP 1 (1.3) Resistance to 5 antimicrobials

Resistance to 5 antimicrobials GEN-FAM-CXM-NOR-CIP 3 (1.1)
GEN-FAM-CXM-CTX-CRO 3 (4.0) AMK-FAM-CXM-NOR-CIP 2 (0.7)
AMK-FAM-CXM-CTX-CRO 1 (1.3) GEN-FAM-CXM-CTX-CRO 2 (0.7)

Resistance to 4 antimicrobials AMK-GEN-FAM-NOR-CIP 1 (0.4)
FAM-CXM-CTX-CRO 4 (5.3) Resistance to 4 antimicrobials

Resistance to 3 antimicrobials FAM-CXM-NOR-CIP 12 (4.3)
CXM-NOR-CIP 1 (1.3) AMK-CXM-NOR-CIP 11 (4.0)

GEN-CXM-NOR-CIP 7 (2.5)
FAM-CXM-CTX-CRO 5 (1.8)
GEN-FAM-NOR-CIP 5 (1.8)
AMK-FAM-NOR-CIP 1 (0.4)
FAM-CTX-CRO-CIP 1 (0.4)

Resistance to 3 antimicrobials
CXM-NOR-CIP 32 (11.6)
GEN-NOR-CIP 21 (7.6)
AMK-NOR-CIP 4 (1.4)
FAM-NOR-CIP 4 (1.4)
AMK-FAM-CXM 1 (0.4)
FAM-CXM-CRO 1 (0.4)
GEN-CTX-CRO 1 (0.4)

Resistance to 2 antimicrobials
NOR-CIP 62 (22.5)
FAM-CXM 11 (4.0)
CXM-CIP 2 (0.7)
GEN-FAM 2 (0.7)
AMK-CXM 1 (0.4)
AMK-FAM 1 (0.4)
CTX-CRO 1 (0.4)
CXM-NOR 1 (0.4)
FAM-CRO 1 (0.4)
GEN-CIP 1 (0.4)

Resistance to 1 antimicrobial
FAM 21 (7.6)
CXM 20 (7.2)
GEN 13 (4.7)
AMK 5 (1.8)
CIP 3 (1.1)
CRO 2 (0.7)
CTX 2 (0.7)
NOR 1 (0.4)
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ESBL-positive isolates from blood in the same hos-
pital. The ESBL-positive E. coli we isolated were
mainly from urine. Moor et al.26) also found that
urine was the commonest source (97%) of ESBL-
producing E. coli in their study. In the major teach-
ing hospitals in Bangkok, 30.1% of Gram-negative
bacteria and 31% of E. coli were ESBL produc-
ers.21, 23) Patients at high risk for developing colo-
nization or infections with ESBL-producing organ-
isms are often seriously ill patients with prolonged
hospital stays and in whom invasive medical devices
are present such as urinary catheters, and endotra-
cheal tubes of central venous lines for prolonged du-
ration.7) We found that 74.7% of ESBL-producing
E. coli was from hospitalized patients and 62.7% of
these were from urine (data not shown).

It has been well documented that class 1 inte-
grons are most commonly found in clinical isolates
of Gram-negative bacteria.27) Su et al.28) reported
the detection of three classes of integrons in 111
clinical strains of E. coli and found that 85.6 and
3.6% of the isolates carried class 1 and class 2 inte-
grons respectively, whereas no class 3 integron was
detected. Yan et al.29) also found a high rate of
class 1 integrons (76.3%) in both Gram-positive and
Gram-negative bacteria while only 0.8% of class 2
integrons was detected. Integrons have been iden-
tified as a primary source of resistance genes and
are claimed to be reservoirs of antimicrobial resis-
tance genes within microbial populations.27, 30) In
this study, the class 1 integron integrase gene (intI1)
was detected in 59.5% of E. coli clinical isolates
which is comparable to the study in E. coli isolated
from fecal specimens of non-hospitalized patients
(63%) by Phongpaichit et al.31) but much lower
than that reported by Pongpech et al.23) who de-
tected IntI1 in 99% of the clinical and 87% of the
non-clinical E. coli isolates. The result indicated
that there was less selective pressure for integron-
positive isolates in the southern part of Thailand
than in the central part (Bangkok etc.).

In this study, 74.7% of ESBL-positive isolates
carried a class 1 integron compared to 57.3% of the
ESBL-negative isolates. ESBL enzymes including
TEM, SHV and CTX-M are mostly found in clinical
isolates.32) Pongpech et al.23) found that blaTEM and
blaCTX-M were predominant among ESBL produc-
ing E. coli. In Argentina, CTX-M-2 is the most fre-
quently found ESBL among clinical isolates in Ar-
gentinean hospitals. Almost all open reading frame
(orf) 513-bearing class 1 integrons are associated
with blaCTX-M-2 in the Gram-negative bacterial pop-

ulation under study and the sequences adjacent to
the blaCTX-M-2 gene are conserved in all the studied
isolates.33) Eckert et al.34) examined the blaCTX-M

genes in E. coli and K. pneumoniae by cloning, se-
quencing, and PCR analysis and detected a complex
sul1-type integron including an orf513, that carried
the bla gene together with its surrounding DNA. We
found that 60% of intI1-positive isolates also con-
tained the sul1 gene (data not shown). The ESBL-
encoding genes have been reported to be located
on large plasmids which may also contain other re-
sistance genes. Resistance genes can occur within
related species. Novais et al.35) reported that the
spread of the CTX-M gene in enterobacterial clin-
ical isolates in Spain was associated with Incom-
patibility group (Inc)N broad-host-range and Inc-
FII narrow-host-range plasmids. Mshana et al.36)

also found the conjugative IncF1 plasmids carry-
ing CTX-M-5 among E. coli ESBL producing iso-
lates at a University hospital in Germany also had
a high rate of transferable antibiotic resistances for
sulphamethoxazole (61%), tetracycline (61%) and
GEN (33%).

Evaluation of the antimicrobial resistance pat-
terns of ESBL-positive isolates showed that an-
timicrobial agents with a high level of effective-
ness were MEM and IMP, followed by AMK. Fur-
thermore, an association between the production
of ESBL and resistance to CIP and NOR was
demonstrated. This association has been observed
in ESBL-producing K. pneumoniae.37, 38) All our
ESBL producers were MDR from 3 to 8 antimicro-
bial agents. The high resistance profile of ESBL-
producing E. coli to the antimicrobial agents read-
ily available for treatment reflects the severe con-
sequences of ESBL infection. Lee et al.39) reported
that the cost of infection caused by ESBL-producing
E. coli and Klebsiella species was 1.7 times the cost
of infection caused by non-ESBL producers. This
study has demonstrated that class 1 integrons are
widely prevalent among E. coli clinical isolates; es-
pecially among ESBL-producers and that they could
be a reservoir for producing multidrug resistance
and nosocomial infections in hospitals.

Acknowledgements This work was supported
by a grant from Prince of Songkla University.
We thank Mrs. Lamy Kaewjungwad, Mr. Sukone
Pradutkanchana, and the microbiology personnel of
the Department of Pathology, Faculty of Medicine,
Prince of Songkla University for providing E. coli
isolates and Dr. Brian Hodgson for the review of



286 Vol. 57 (2011)

English in this manuscript.

REFERENCES

1) Harris, A. D., Kotetishvili, M., Shurland, S.,
Johnson, J. A., Morris, J. G., Nemoy, L. L. and
Johnson, J. K. (2007) How important is patient-
to-patient transmission in extended-spectrum β-
lactamase Escherichia coli acquisition. Am. J. Infect.
Control, 35, 97–101.

2) Hirakata, Y., Matsuda, J., Miyazaki, Y.,
Kamihara, S., Kawakami, S., Miyazawa, Y.,
Ono, Y., Nakazaki, N., Hirata, Y., Inoue, M.,
Turnidge, J. D., Bell, J. M., Jones, R. N., Kohno,
S. and SENTRY Asia-Pacific Participants (2005)
Regional variation in the prevalence of extended-
spectrum beta-lactamase-producing clinical isolates
in the Asia-Pacific region (SENTRY 1998–2002).
Diagn. Microbiol. Infect. Dis., 52, 323–329.

3) Machado, E., Cantón, R., Baquero, F., Galan,
J.-C., Rollan, A., Peixe, L. and Coque, T. M. (2005)
Integron content of extended-spectrum β-lactamase-
producing Escherichia coli strains over 12 years in a
single hospital in Madrid, Spain. Antimicrob. Agents
Chemother., 49, 1823–1829.

4) Sompolinsky, D., Nitzan, Y., Tetry, S., Wolk, M.,
Vulikh, I., Kerrn, M. B., Sandvang, D., Hershkovits,
G. and Katcoff, D. J. (2005) Integron-mediated
ESBL resistance in rare serotypes of Escherichia
coli causing infections in an elderly population in
Israel. J. Antimicrob. Chemother., 55, 119–122.

5) Jitsurong, S. and Yodsawat, J. (2006) Prevalence
of extended-spectrum beta-lactamases (ESBLs) pro-
duced in blood isolates of Gram-negative bacteria in
a teaching hospital in southern Thailand. Southeast
Asian J. Trop. Med. Public Health, 37, 131–135.

6) Ko, K. S., Suh, J. Y., Peck, K. R., Lee, M. Y.,
Oh, W. S., Kwon, K. T., Jung, D. S., Lee, N.
Y. and Song, J.-H. (2007) In vitro activity of fos-
fomycin against ciprofloxacin-resistant or extended-
spectrum β-lactamase-producing Escherichia coli
isolated from urine and blood. Diagn. Microbiol. In-
fect. Dis., 58, 111–115.

7) Paterson, D. L. and Bonomo, R. A. (2005)
Extended-spectrum β-lactamases: a clinical update.
Clin. Microbiol. Rev., 18, 657–686.

8) Cantón, R., Coque, T. M. and Baquero, F. (2003)
Multi-resistant Gram-negative bacilli: from epi-
demics to endemics. Curr. Opin. Infect. Dis., 16,
315–325.

9) Bonnet, R. (2004) Growing group of extended-
spectrum β-lactamases: the CTX-M enzymes. An-

timicrob. Agents Chemother., 48, 1–14.
10) Hall, R. M. and Collis, C. M. (1998) Antibiotic

resistance in Gram-negative bacteria: the role of
gene cassettes and integrons. Drug Resist. Updat.,
1, 109–119.

11) Lanz, R., Kuhnert, P. and Boerlin, P. (2003) An-
timicrobial resistance and resistance gene determi-
nants in clinical Escherichia coli from different ani-
mal species in Switzerland. Vet. Microbiol., 91, 73–
84.

12) Maynard, M., Fairbrother, J. M., Bekal, S.,
Sanschagrin, F., Levesque, R. C., Brousseau, R.,
Masson, L., Larivière, S. and Harel, J. (2003)
Antimicrobial resistance genes in enterotoxigenic
Escherichia coli O149:K91 isolates obtained over
a 23-year period from pigs. Antimicrob. Agents
Chemother., 47, 3214–3221.

13) Ahmed, A. M. and Shimamoto, T. (2004) A
plasmid-encoded class 1 integron carrying sat, a pu-
tative phosphoserine phosphatase gene and aadA2
from enterotoxigenic Escherichia coli O159 isolated
in Japan. FEMS Microbiol. Lett., 235, 243–248.

14) Barlow, R. S., Pemberton, J. M., Desmarchelier, P.
M. and Gobius, K. S. (2004) Isolation and char-
acterization of integron-containing bacteria without
antibiotic selection. Antimicrob. Agents Chemother.,
48, 838–842.

15) Heir, E., Lindstedt, B.-A., Leegaard, T. M., Gjernes,
E. and Kapperud, G. (2004) Prevalence and charac-
terization of integrons in blood culture Enterobac-
teriaceae and gastrointestinal Escherichia coli in
Norway and reporting of a novel class I integron-
located lincosamide resistance gene. Ann. Clin.
Microbiol. Antimicrob., 3, 12, http://www.ann-
clinmicrob.com/content/3/1/12

16) Mathai, E., Grape, M. and Kronvall, G. (2004) Inte-
grons and multidrug resistance among Escherichia
coli causing community-acquired urinary tract in-
fection in southern India. APMIS, 112, 159–164.

17) Nijssen, S., Florijn, J., Willems, R., Fluit, A. and
Bonten, M. (2005) Unnoticed spread of integron-
carrying Enterobacteriaceae in intensive care unit.
Clin. Infect. Dis., 41, 1–9.

18) Skurnik, D., Menac’h, A. L., Zurakowski, D.,
Mazel, D., Courvalin, P., Denamur, E., Andermont,
A. and Ruimy, R. (2005) Integron-associated an-
tibiotic resistance and phylogenetic grouping of Es-
cherichia coli isolates from healthy subjects free
of recent antibiotic exposure. Antimicrob. Agents
Chemother., 49, 3062–3065.

19) Phongpaichit, S., Liamthong, S., Mathew, A. G. and
Chethanond, U. (2007) Prevalence of class 1 inte-
grons in commensal Escherichia coli from pigs and



No. 3 287

pig farmers in Thailand. J. Food Prot., 70, 292–299.
20) Girlich, D., Poirel, L., Leelaporn, A., Karim, A.,

Tribuddharat, C., Fenewald, M. and Nordman, P.
(2001) Molecular epidemiology of integron-located
VEB-1 extended-spectrum β-lactamase in nosoco-
mial enterobacterial isolates in Bangkok, Thailand.
J. Clin. Microbiol., 39, 175–182.

21) Chayakulkeeree, M., Junsriwong, P.,
Keerasuntonpong, A., Tribuddharat, C. and
Thamlikitkul, V. (2003) Epidemiology of extended-
spectrum beta-lactamase producing Gram-negative
bacilli at Siriraj Hospital, Thailand, 2003. Southeast
Asian J. Trop. Med. Public Health, 36, 1503–1509.

22) Kiratisin, P., Apisarnthanarak, A., Saifon, P.,
Laesripa, C., Kitphati, R. and Mundy, L. (2007) The
emergence of a novel ceftazidime-resistant CTX-
M extended-spectrum β-lactamase, CTX-M-55, in
both community-onset and hospital-acquired infec-
tions in Thailand. Diagn. Microbiol. Infect. Dis., 58,
349–355.

23) Pongpech, P., Naenna, P., Taipobsakul, Y.,
Tribuddharat, C. and Srifuengfung, S. (2008) Preva-
lence of extended-spectrum beta-lactamase and
class 1 integron integrase gene intI1 in Escherichia
coli from Thai patients and healthy adults. Southeast
Asian J. Trop. Med. Public Health, 39, 425–433.

24) Feng, P., Weagant, S. D. and Grant, M. A.
(2002) Chapter 4: Enumeration of Escherichia
coli and Coliform Bacteria. Bacteriological Ana-
lytical Manual Online, http://www.fda.gov/Food/
ScienceResearch/LaboratoryMethods/Bacteriological-
AnalyticalManualBAM/UCM064948

25) Clinical and Laboratory Standards Institute (2004)
Performance standards for antimicrobial suscepti-
bility testing; 14th informational supplement, CLSI
M100-S14, Clinical and Laboratory Standards Insti-
tute Wayne, PA, U.S.A.

26) Moor, C. T., Roberts, S. A., Simmons, G., Briggs,
S., Morris, A. J., Smith, J. and Heffernan, H. (2008)
Extended-spectrum β-lactamase (ESBL)-producing
enterobacteria: factors associated with infection in
the community setting, Auckland, New Zealand. J.
Hosp. Infect., 68, 355–362.

27) Hall, R. M. and Collis, C. M. (1995) Mobile gene
cassettes and integrons: capture and spread of genes
by site-specific recombination. Mol. Microbiol., 15,
593–600.

28) Su, J., Shi, L., Yang, L., Xiao, Z., Li, X. and
Yamasaki, S. (2006) Analysis of integrons in clin-
ical isolates of Escherichia coli in China during the
last six years. FEMS Microbiol. Lett., 254, 75–80.

29) Yan, H., Li, L., Zong, M., Alam, M. J., Shinoda,
S. and Shi, L. (2010) Occurrence and characteristics

of class 1 and class 2 integrons in clinical bacterial
isolates from patients in South China. J. Health Sci.,
56, 442–450.

30) Ochman, H., Lawrence, J. G. and Groisman, E. A.
(2000) Lateral gene transfer and the nature of bacte-
rial innovation. Nature, 405, 299–304.

31) Phongpaichit, S., Wuttananupan, K. and Samasanti,
W. (2008) Class 1 integrons and multidrug resis-
tance among Escherichia coli isolates from human
stools. Southeast Asian J. Trop. Med. Public Health,
39, 279–287.

32) Leinberger, D. M., Grimm, V., Rubtsova, M., Weile,
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