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Objective: To study the trends of antimicrobial resistance of Escherichia coli in Thailand during 2000 and
2005.

Material and Method: All isolates of E. coli from 28 hospitals across Thailand from 2000 to 2005 were tested
for their susceptibility to aminoglycosides, beta-lactams, fluoroquinolones, and trimethoprim-sulfamethoxazole
by the disk diffusion method (Kirby Bauer). The relevant data were collected and analyzed by the WHONET
software program supported by the World Health Organization.

Results: The rate of resistance to ampicillin, ceftriaxone, ceftazidime gentamicin, and ciprofloxacin increased
from 79.3% to 85.3%, 12.7% to 28.5%, 10.7% to 15.2%, 25% to 32.9%, and 45.1% to 51% during the 6-year
period from 2000 to 2005 among isolates from catheterized urine, respectively. The rate of resistance
to gentamicin and ceftriaxone increased from 23.2% to 28.9% and 6.8% to 24.2%, from 2000 to 2005
respectively among isolates in non-intensive care units (non-ICUs). The rate of resistance to gentamicin
increased from 18% to 26.1%, and 24.2% to 29.6% among isolates in out-patient department (OPD) and
non-OPD, respectively. The rate of resistance to ceftriaxone increased from 2.5% to 15.4%, and 7.9% to 25.9%
among isolates in OPD and non-OPD, respectively. The rate of resistance to gentamicin and ceftriaxone
increased from 23.2% to 28.9%, and 6.8% to 24.2% among isolates in non-ICU, respectively. The rate of
resistance to trimethoprim-sulfamethoxazole decreased from 71.2% to 62.6% among isolates in non-1CUs.
Isolates from catheterized urine were significantly associated with imipenem resistance (p >0 .05).
Conclusion: The present study shows a significant correlation between ciprofloxacin resistance and
fluoroguinolone use, and indicates that prior fluorogquinolone use seems to be the most important risk factor
for ciprofloxacin-resistant E. coli bacteremia. Isolates from catheterized urine were significantly associated
with resistance to imipenem, and the ICU hospitalization and OPD attention during the previous year were
significantly associated with ofloxacin resistant E. coli.
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Escherichia coli is the most common cause especially in patients with diabetes. Antimicrobial is
of community-and hospital-acquired urinary tract the main stay of treatment. The most commonly used
infection. It results in significant morbidity and mortality, antimicrobials are aminoglycosides, beta-lactams, and

fluoroquinolones. Since certain classes of antimicrobials
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result in a failure to treatment with those antibiotics.
Therapeutic options have become somewhat limited
because of the emergence of organisms carrying
extended-spectrum beta-lactamases (ESBLs) and
plasmid-mediated AmpC beta-lactamases. Therefore,
the present study aimed to explore the resistance
trends of E. coli in urinary tract to the commonly
used antimicrobials for the treatment of urinary tract
infections in Thailand.

Material and Method
Data collection

National Antimicrobial Resistant Surveillance
Thailand (NARST) has been organized since 1998 and
uses the WHONET software program supported by
the World Health Organization (WHO) to investigate,
surveillance, and improve the standards of micro-
biology laboratory in Thailand. All data were collected
and managed by using this software.

There were 28 hospitals which participated in
the surveillance system, 9 small hospitals (less than
500 beds) and 19 large hospitals (equal or more than
500 beds). All the data were sent to NARST located
at the Department of Medical Science, Ministry of
Public Health, Thailand. The data were entered at the
hospitals by using the WHONET software program
and were sent to the NARST at the Department of
Medical Science every 3 months.

Microbiology

Isolation and identification of E. coli were
performed according to Farmer® and Bopp®. At each
hospital laboratory, the susceptibility of the isolates
was done using standard disk diffusion methods as
recommended by the Clinical Laboratory Standards
Institute (CLSI) [formerly National Committee for
Clinical Laboratory Standards (NCCLS)].

Statistical analysis

Bivariable analysis was conducted to
determine the difference between E. coli obtained
from catheterized and non-catheterized urine, intensive
care unit (ICU) and non-ICU, out-patient department
(OPD) and non-OPD, respectively. Categorical variables
were compared by means of either 2 by 2 analysis or
Fisher’s exact test, when needed. An odds ratio (OR)
and 95% confidence interval (Cl) were calculated to
evaluate the strength of any association. Continuous
variables were compared by use of Student’s t-test or
the Wilcoxon rank sum test, depending on the validity
of the normality assumption.
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A 2-tailed p-value of less than or equal to
0.05 was considered significant. All data were analyzed
by using a statistical software package (SPSS for
Window version 7, License for Department of Medical
Sciences, Ministry of Public Heath).

Results
Isolates

A total of 158,352 E. coli strains were isolated
from the urine from 2000 to 2005. The overall resistance
rates of urinary E. coli isolates in 2005 to ampicillin,
ceftriaxone, ceftazidime, imipenem, cefoperazone-
sulbactam, gentamicin, amikacin, ofloxacin, ciprofloxacin,
and trimethoprim-sulfamethoxazole, were 81.3%, 3.4%,
3.4%, 0.1%, 44.3%, 27.4%, 11.3%, 44.1%, 19.8%, and
62.2%, respectively (Fig. 1).

Antimicrobial susceptibility test

The resistance rate of E. coli (to ampicillin,
ceftriaxone, ceftazidime, imipenem, cefoperazone-
sulbactam, gentamicin, amikacin, ofloxacin, ciprofloxacin,
and trimethoprim-sulfamethoxazole) isolated from
catheterized and non-catheterized urine, patients in
ICU, non-1CU, OPD, and non-OPD from 2000 to 2005
are shown in Table 1-6.

Catheterized urine and non-catheterized urine
Ampicillin, ceftriaxone, ceftazidime, gentamicin,
and ciprofloxacin resistance rates showed a rising trend
in both catheterized urine and non-catheterized urine.
The rate of resistance among isolates obtained from
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Fig. 1 Rates of antimicrobial resistance of Escherichia coli
isolates from urine isolates from 2000 to 2005 in
Thailand
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catheferized urine are as follow: ampicillin, 79.3% to
85.3%; ceftriaxone, 12.7% to 28.5%; ceftazidime, 10.7%
to 15.2%; gentamicin 25% to 32.9%; and eiprofloxacin,
45.1% to 51% during the 6-year. Similar trends were
observed in non-catheterized urine, but with lower-
level of resistance rates. The rates of resistance to
trimethoprim-sulfamethoxazole decreased from 70.2%
to 64.4% and 70.4% to 61.8%, among isolates from
catheterized and non-catheterized urine, respectively.

ICU and non-ICU urine

Gentamicin and ceftriaxone resistance rates
showed a rising trend among isolates from patients in
non-1CU. The rate of resistance to gentamicin and
ceftriaxone increased from 23.2% to 28.9% and 6.8%
to 24.2% during the 6-year period from 2000 to 2005,
respectively. The rates of resistance to trimethoprim-
sulfamethoxazole decreased from 71.2% to 62.6% in
isolates from patients in non-ICU.

OPD and non-OPD urine

Gentamicin and ceftriaxone resistance rates
showed a rising trend among isolates from patients in
both OPD and non-OPD. The rate of resistance to
gentamicin increased from 18% to 26.1% and 24.2%
to 29.6% during the 6-year period from 2000 to 2005
among isolates from patients in OPD and non-OPD,
respectively. The rate of resistance to ceftriaxone
decreased from 2.5% to 15.4% and 7.9% to 25.9%
during the 6-year period from 2000 to 2005 among
isolates from patients in OPD and non-OPD urine,
respectively. The resistance rate of imipenem remained
constantly low during the study period.

Urinary tract infection patients with
catheterized urine were compared with non-catheterized

urine, and the results are summarized in Table 7. E. coli
isolates from catheterized urine was significantly
associated with imipenem resistance (2.0% and 0.2 %,
p=0.549, 95% Cl).

Discussion

A urinary tract infection occurs when
organisms, usually bacteria from the digestive tract,
cling to the opening of the urethra and begin to
multiply. Most infections arise from one type of
bacteria, E. coli, which normally lives in the colon. E.
coli is one of the most common members of this group
isolated from the genital tract and in the urine specimens.
It is the causative agent of approximately 70% of
urinary tract infections. E. coli infections usually are
mild, but may occasionally be fulminant. E. coli is also
commonly identified in bacteremic obstetric and
gynecologic patients. Ampicillin-resistant E. coli has
emerged long ago. In general, more than 40% of
E. coli (including community-acquired strains) are
resistant to ampicillin®. In the present study, ampicillin
was active against less than 20% of E. coli isolates.
Gentamicin, tobramycin, amikacin, and chloramphenicol
usually are effective against more than 95% of E. coli
isolates®”. However our data show that gentamicin is
effective against less than 80% of E. coli isolates.
Although first-generation cephalosporin antibiotics
exerted activity against E. coli isolates in most hospitals,
the second- and third-generation cephalosporins and
imipenem are more likely to be active. The resistance
to ciprofloxacin and ofloxacin has been increasingly
reported in E. coli.

Sotto et al indicated that nosocomial UTIs
did not seem to be a risk factor for drug-resistant
E. coli which was consistent with the results of other

Table 7. Prior antimicrobial exposure of patients with infection due to Escherichia coli isolates from catheterized urine
and non-catheterized urine from 2000 to 2005 in Thailand

Finding No. (% of antibiotic resistance) Catheterized urine Non-catheterized urine p-value
Ampicillin 11,074 (82.58) 57,039 (78.88) <0.001
Ceftriaxone 5,264 (21.97) 34,255 (13.74) 0.003
Ceftazidime 9,440 (14.31) 45,695 (9.48) 0.001
Imipenem 7,109 (2.05) 33,338 (0.18) 0.549
Cefoperazone/sulbactam 5,883 (5.82) 25,681 (3.31) 0.003
Gentamicin 11,330 (30.72) 60,748 (23.94) <0.001
Amikacin 9,785 (2.53) 56,037 (2.98) 0.002
Ofloxacin 2,039 (42.82) 5,492 (37.14) 0.046
Ciprofloxacin 6,474 (48.47) 31,480 (39.70) <0.001
TMP-SMX 10,130 (66.42) 56,908 (64.37) <0.001
S64 J Med Assoc Thai Vol. 92 Suppl. 4 2009



Table 8. Prior antimicrobial exposure of patients with infection due to Escherichia coli isolates from ICU and non-1CU

from 2000 to 2005 in Thailand

Finding No. (% of antibiotic resistance) ICU Non-ICU p-value
Ampicillin 500 (80.34) 24,464 (78.96) <0.001
Ceftriaxone 26,675 (24.51) 14,292 (13.77) 0.004
Ceftazidime 385 (20.52) 19,934 (10.36) <0.001
Imipenem 233 (0.86) 12,948 (0.27) 0.033
Cefoperazone/sulbactam 137 (5.11) 9,361 (5.43) <0.001
Gentamicin 541 (32.34) 364 (24.48) <0.001
Amikacin 520 (4.42) 22,640 (2.81) 0.001
Ciprofloxacin 191 (47.91) 10,022 (43.49) <0.001
TMP-SMX 532 (59.13) 26,334 (65.59) <0.001

ICU: intensive care unit

Table 9. Prior antimicrobial exposure of patients with infection due to Escherichia coli isolates from OPD and non-OPD

from 2000 to 2005 in Thailand

Finding No. (% of antibiotic resistance) OPD Non-OPD p-value
Ampicillin 3,967 (78.00) 20,865 (66.13) 0.015
Ceftriaxone 2,302 (8.67) 12,360 (15.13) 0.004
Ceftazidime 2,951 (7.05) 17,497 (11.09) <0.001
Imipenem 1,209 (0.26) 1,1046 (0.28) 0.040
Cefoperazone/sulbactam 912 (5.04) 8,649 (5.42) <0.001
Gentamicin 4,174 (20.23) 23,182 (25.53) <0.001
Amikacin 3,240 (1.82) 20,052 (2.99) <0.001
Ciprofloxacin 986 (46.23) 9,296 (43.36) <0.001
TMP-SMX 4,141 (64.60) 22,865 (65.69) <0.001

OPD: out-patient department

studies®. They found that previous antimicrobial
exposure was significantly associated with the
resistance only to amoxicillin-clavulanic acid. A
previous study showed that this risk factor is also
associated with the resistance to other antimicrobials,
particularly fluoroquinolones and cotrimoxazole.

Ena reported that urinary tract abnormalities
(odds ratio 8.0, 95% CI 2.7 to 3.1, p < 0.001), patient
aged 65 years or older (odds ratio 6.5, 95% CI 2.2 to
19.1, p < 0.001), previous treatment with quinolones
(odds ratio 19.1, 95% CI 2.2 to 166.5, p = 0.008) and
urinary catheterization (odds ratio 2.9, 95% CI 1.1 to
8.5, p = 0.048) were independently associated with
infections caused by ciprofloxacin-resistant strains®.

There was a statistically significant correlation
between the incidence of ciprofloxacin-resistant E. coli
bacteremia and the upward trend in fluoro-quinolone
(norfloxacin and ciprofloxacin) used in the community
(r=0.974,p=0.005) as well as in the hospitals (r =0.975,

J Med Assoc Thai Vol. 92 Suppl. 4 2009

p = 0.005). When they compared the 27 case patients
with 54 simultaneous control patients who had
ciprofloxacin-susceptible E. coli bacteremia, the case
patients were more likely to have chronic underlying
diseases (71% and 37%, p = 0.004), urinary tract
infection (74% and 50%, p = 0.03), prior surgery
(22% and 6%, p = 0.02), and prior fluoroquinolone
use (63% and 4%, p < 0.001). Our study also shows
a significant correlation between ciprofloxacin
resistance and fluoroquinolone use and indicates
that prior fluoroguinolone use seems to be the most
important risk factor for ciprofloxacin-resistant E. coli
bacteremia®.

E. coli isolated from catheterized urine was
more resistant to antimicrobial agents than non-
catheterized. E. coli isolated from ICU were more
resistant to many antimicrobial agents than non-1CU.
E. coli isolated from non-OPD were more resistant
than OPD specimens.
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In the present study E. coli isolated from
catheterized urine was significantly associated with
resistance only to imipenem. The carbapenems
(imipenem, meropenem, and ertapenem) are sometimes
the only effective agents for treatment of severe
infections caused by ESBL-producing E. coli.
Carbapenem-hydrolyzing enzymes are beta-lactamases
that significantly hydrolyze imipenem, meropenem,
and ertapenem and, usually, a wide range of other
beta-lactam antibiotics. Carbapenem resistance has
been rarely reported in E. coli. The occurrence of an
outer-membrane porin deficiency and the expression
of a plasmid-mediated class C beta-lactamase were
reported to be responsible for carbapenem resistance
in E. coli®. Hong et al reported that the emergence of
carbapenem-resistant strains occurred after the
long-term treatment with imipenem and meropenem
for recurrent urinary tract infections. The occurrence
of a carbapenem-hydrolyzing enzymes in E. coli
is disturbing, because carbapenems are often
considered to be the drugs of last resort for severe
infections caused by ESBL-producing E. coli. With
the continuing spread of ESBL-producing organisms
and the increasing use of carbapenems, it is possible
that carbapenem resistance due to K. pneumoniae-type
carbapenemases (Kpn) will occur more frequently
among Enterobacteriaceae®. Gupta et al reported the
variation in rates of resistance of E. coli to ampicillin
and TMP-SMZ, according to geographic region and
age. There was no clinically significant age-related
variation in resistance within each region for either of
the antimicrobial agents®,
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N19ANHINITABENAIUIATNYIBILTD Escherichea coli 11l W.A. 2543-2548
Tiuu wadte, g5190 ingAzian, Aana thuiwas, Ugn aassatlyauam, uail smalna, Agey yadnvug

Smquszasa: WoAn i luuzesaawlanesauaaTngeaids Escherichea coli Tutlzmalngluszuang
il w.A. 2543-2548

TAAUASIBNIS: Inviantsnadenaanlaredida Escherichea coli 1ANIAINTNNENLIATITITY 28 UNa
m@ﬂwyﬁmmwnm aminoglycosides, beta-lactams, f/uoroqumo/ones uag tr/methopr/m -sulfamethoxazole
mmﬁm?mmmmu disk diffusion method (Kirby Bauer) il/my/m/)Yﬁ)Yﬁ;mmmmmmmﬁﬁﬂﬂmm
peuAUADT WHONET 17')'25@7fm7mu”umgm’mmﬂ%’)?@uw”ﬂf@n

NANISANE: @”mmm?ﬁy@mém ampicillin, ceftriaxone, ceftazidime, gentamicin WA ciprofloxacin L‘VQv:l/?dTu
AN 79.3% 117 85.3%, 12.7% 11T 28.5%, 10.7% 117 15.2%, 25% 11T 32.9% uaz 45.1% 11 51% 924 6 11
?::7/7'3”)\7 i w.a. 2543 f9d w.A. 2548 lu catheterized urine @”mmm?ﬁ”@m gentam/'c/n uag ceftriaxone
meumn 23.2% 1114 28.9% uaz 6.8% 1 24.2% i non-ICU urine @mmmm@m gentam/cm meumn
18% Lﬂu 26.1% uag 24.2% 11y 29.6% YumJoz/ OPD A% non-OPD Aw@IsY $An19AREN ceftriaxone
Wisduann 2.5% 1T 15.4% uaz 7.9% uhi 25.9% Zug/ﬂozl OPD a2 non-OPD AINaIAY $739n1558eN
gentamicin uag ceftriaxone WINAUAN 23.2% 11T 28.9% uas 6.8% 11l 24.2% Mglyﬂloﬁl non-OPD MINAIAL
msufRenifinsmnisasen lungugiae non-OPD maen trimethoprim-sulfamethoxazole #8a718mA49N
71.2% 1171 62.6% 11 catheterized urine Lﬁ"mJ@q@ﬂlndﬁu‘”m"m‘“zyﬁun7?ﬁ@ﬂwau%zﬁ@ﬁmiﬁ';@m imipenem
(p >0.05)

agil: n1sAns LLzvmﬁm0fmLﬁ"m%ymn”u@E/"Nﬁu”mv"m”m?zwo'wnﬁiﬁ‘f/@m ciprofloxacin uax n1sle
fluoroquinolone Lm%mm?mwumnﬁih fluoroquinolone mmmmmvmmmwmwLﬂuﬂ@wmm
mmumm@ ciprofloxacin yeuidln E. coli mmmmmuﬂquV;umvmmwuﬁnu@mwummm
m@nwwumm@m imipenem a3 Tl ICU Ay OPD Tumasiliiunuufensesiunisieen
ofloxacin ill’E)\‘/’L?]ﬂ E. coli @Emmus/mmy
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