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Abstract. A cross-sectional study was conducted from August to September, 2003 to determine
the prevalence and risk factors in acquiring extended-spectrum beta-lactamase (ESBL) producing
gram-negative bacilli (GNB) in patients admitted to Siriraj Hospital and the outcomes of these in-
fections. Of 346 isolates of gram-negative bacteria in 249 patients, 102 isolates from 87 patients
were colonization only, but 244 isolates from 162 patients were infections. The common GNB were
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter baumannii and
Enterobacter cloacae. The overall prevalence of ESBL producers was 30.1%. K. pneumoniae had
a very high prevalence of ESBL producers (56.9%). The urinary tract was the most common site for
ESBL- producing GNB infections. Nosocomial infections, duration from admission to infection,
peripheral line, urinary catheterization, nasogastric tube insertion and previous use of beta-lactams,
cephalosporins and fluoroquinolones were associated with acquiring ESBL-producing GNB infec-
tions. ESBL-producing GNB were significantly more resistant to antimicrobial agents. More than
80% of ESBL-producing GNB were susceptible to carbapenems. Mortality in patients infected with
ESBL-producing GNB (41.3%) was significantly higher than those infected with non- ESBL-pro-
ducing GNB (19.8%).

INTRODUCTION

Bacteria can be resistant to antimicrobial
agents by various mechanisms. Beta-lactamase
production is the most important mechanism for
bacterial resistance to beta-lactam antibiotics
and many beta-lactamases have been identified.
Since Klebsiella pneumoniae with ESBL produc-
tion was first isolated from the University Hospi-
tal in Frankfurt, Germany in 1983 (Knothe et al,
1983), many outbreaks caused by multi-resis-
tant strains have been reported all over the world.
In Asia, ESBL-producing bacteria have been re-
ported in China (Jacoby and Medeiros, 1991,
Cheng and Chen, 1994), Japan (Yagi, et al,
2000), Singapore (Jacoby and Medeiros, 1991),
Korea (Kim et al, 1998) and Thailand (Chana-
wong et al, 2001). In Thailand, Asawapokee et

al (1994) reported that the prevalence of ESBL-
producers in K. pneumoniae  was 39% in 1994
and in E. coli 10% in 1996.

ESBLs are plasmid-mediated enzymes that
hydrolyze broad-spectrum beta-lactams and are
strongly inhibited by clavulanate. ESBLs are
transmitted by plasmids among bacteria and
difficult to detect by routine antimicrobial sus-
ceptibility tests. Furthermore, antibiotics such as
trimethoprim-sulfamethoxazole, aminoglyco-
sides and fluoroquinolones (Martinez-Martinez et
al, 1998) are often co-transferred on a resistance
plasmid, resulting in multiple drug resistance.
Thus clinical treatment failure occurs frequently,
especially when inappropriate antimicrobial
therapy is used to treat infections caused by
ESBL- producing organisms. Therefore, if infec-
tions with ESBL-producing organisms can be
predicted by the clinical characteristics of pa-
tients, this may lead to a better selection of an-
tibiotics and may improve the outcome of infec-
tions.

The objectives of this study were to deter-
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mine the prevalence of ESBL-producing GNB,
the risk factors for infections with ESBL-produc-
ing GNB, antibiotic susceptibility patterns of
ESBL-producing GNB, and the outcomes of
patients infected with ESBL-producing GNB.

MATERIALS AND METHODS

The study protocol was approved by the
Ethics Committee on Human Research at Siriraj
Hospital. From August to September 2003, all
isolates of GNB from clinical specimens collected
from patients admitted to Siriraj Hospital were
identified and tested for the existence of ESBL
as well as their susceptibility to antibiotics. ESBL
was determined according to the criteria of the
National Committee for Clinical Laboratory Stan-
dards (2000) by means of a disk diffusion
method. A combination disk diffusion method
was performed using a ceftazidime disc (30 µg)
and a ceftazidime/clavulanate disk (30/10 µg)
placed onto Muller-Hinton agar containing GNB
and incubated for 24 hours. ESBL production
was indicated if the diameter of the inhibition
zone around the ceftazidime/clavulanate disk
was >5 mm greater than the diameter of the in-
hibition zone around the ceftazidime disk. All
patients older than 15 years, from whom GNBs

were isolated, were prospectively followed. All
relevant information on demographics, risk fac-
tors for infection, type of infection, antibiotic
therapy and outcomes, were collected from the
patients and their medical records. Statistical
analysis was performed using SPSS. Chi-
square, Fisher’s exact test, and Student’s t-test
were used where appropriate. All statistical tests
were two-sided, and p<0.05 was considered
significant.

RESULTS

During the study period, 346 isolates of
GNB from 249 patients were suitable for analy-
sis. Of the 346 isolates of GNB, 244 isolates from
162 patients were infections, 102 isolates from
87 patients were colonizations. The prevalence
of ESBL-producing GNB is shown in Table 1.
The overall prevalence of ESBL producers was
30.1%. K. pneumoniae had a very high preva-
lence of ESBL production (56.9%). Of the 162
patients who had GNB infections, 31.5 % were
infected with ESBL-producing GNB and 68.5%
were infected with non-ESBL-producing GNB.
The characteristics of the patients infected with
ESBL-producing GNB and non-ESBL-producing
GNB are shown in Table 2. The characteristics

Table 1
Prevalence of ESBL producers in 346 isolates of GNB.

Gram-negative bacilli ESBL negative ESBL positive Total
N (%) N (%) N (%)

Escherichia coli 70 (66.7) 35 (33.3) 105 (30.3)
Klebsiella pneumoniae 22 (43.1) 29 (56.9) 51 (14.7)
Pseudomonas aeruginosa 50 (79.4) 13 (20.6) 63 (18.2)
Nonfermentative gram-negative bacilli 23 (74.2) 8 (25.8) 31 (9.0)
Enterobacter cloacae 13 (54.2) 11 (45.8) 24 (6.9)
Salmonella spp 2 (66.6.0) 1 (33.3) 3 (0.9)
Aeromonas hydrophila 1 (100.0) 0 (0.0) 1 (0.3)
Acinetobacter baumannii 41 (93.2) 3 (6.8) 44 (12.7)
Haemophilus influenzae 2 (100.0) 0 (0.0) 2 (0.6)
Serratia marcescens 3 (100.0) 0 (0.0) 3 (0.9)
Providentia stuatii 0 (0.0) 1 (100.0) 1 (0.3)
Morganella morganii 0 (0.0) 2 (100.0) 2 (0.6)
Vibrio spp 1 (100.0) 0 (0.0) 1 (0.3)
Proteus mirabilis 14 (93.3) 1 (6.7) 15 (4.3)
Total 242 (69.9) 104 (30.1) 346 (100.0)
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Male 58 (52.3%) 25 (49.0%) 0.83
Mean age (SD), years 59.5 (18.8) 60.9 (20.4) 0.68
Type of ward
     General ward 69 (62.2%) 37 (72.5%) 0.44
     Private ward 36 (32.4%) 12 (23.5%)
     ICU 6 (5.4%) 2 (3.9%)
Department
     Medicine 59 (53.2%) 29 (56.9%) 0.79
     Other departments 52 (46.8%) 22 (43.1%)
Underlying diseases
     Diabetes mellitus 31 (27.9%) 12 (23.5%) 0.69
     Hypertension 36 (32.4%) 11 (21.6%) 0.22
     Heart diseases 20 (18.0%) 8 (15.7%) 0.89
     COPD 9 (8.1%) 3 (5.9%) 0.75
     Chronic renal failure 8 (7.2%) 5 (9.8%) 0.55
     Chronic liver disease 4 (3.6%) 4 (7.8%) 0.26
     Cerebrovascular disease 19 (17.1%) 9 (17.6%) 1.00
     Malignancy 33 (29.7%) 21 (41.2%) 0.21
     Neutropenia 6 (5.4%) 2 (3.9%) 1.00
     HIV infection 5 (4.5%) 0 0.33
     Others 100 (90.1%) 50 (98.0%) 0.11
Site of infections
     Respiratory tract 52 (46.8%) 23 (45.1%) 1.00
     Urinary tract 65 (58.6%) 36 (70.6%) 0.26
     Skin and soft tissue infection 20 (18.01%) 8 (15.7%) 0.92
     Gastrointestinal tract 16 (14.4%) 6 (11.8%) 0.87
     CNS infection 1 (1%) 0 1.00
     Bone and joint infection 3 (2.7%) 0 0.56
     Primary bacteremia 11 (9.9%) 3 (5.9%) 0.56
Nosocomial infections 60 (54.1%) 39 (76.5%) 0.01
Median duration from admission to
   infection (interquartile range), days 4 (13) 13 (25) 0.01
Kanofky performance status score (median) 60 50 <0.001
Presence of central intravenous line 12 (10.8%) 7 (13.7%) 0.79
Presence of peripheral venous line 67 (60.4%) 43 (84.3%) 0.004
Parenteral nutrition 4 (3.6%) 2 (3.9%) 1.00
Mechanical ventilation 23 (20.7%) 15 (29.4%) 0.31
Endotracheal intubation 23 (20.7%) 15 (29.4%) 0.31
Tracheostomy 7 (6.3%) 4 (7.8%) 0.74
Urinary catheterization 54 (48.6%) 37 (72.5%) 0.01
Nasogastric tube insertion 33 (29.7%) 28 (54.9%) 0.004
Gastrostomy/jejunostomy 2 (1.8%) 0 1.00
Peritoneal dialysis 3 (2.7%) 4 (7.8%) 0.21
Hemodialysis 2 (1.8%) 2 (3.9%) 0.59
Decubitus ulcer 8 (7.2%) 8 (15.7%) 0.16
Chemotherapy 5 (4.5%) 4 (7.8%) 0.46
Immunosuppressive agents 17 (15.3%) 7 (13.7%) 0.98
Other invasive procedures/surgery 25 (22.5%) 17 (33.3%) 0.21
Previous antibiotic treatment 36 (32.4%) 32 (62.7%) 0.001
Previous beta-lactam treatment 28 (25.2%) 26 (51.0%) 0.002
Previous cephalosporin treatment 20 (18.0%) 21 (41.2%) 0.003
Previous carbapenem treatment 6 (5.4%) 6 (11.8%) 0.2
Previous aminoglycoside treatment 7 (6.3%) 7 (13.7%) 0.19
Previous fluoroquinolone treatment 5 (4.5%) 12 (23.5%) 0.001

ESBL

Table 2
Characteristics of the patients infected with ESBL-producing GNB and non-ESBL-producing GNB.

Characteristic p-value
Negative Positive

111 patients 51 patients
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found to be significantly associated with the ac-
quisition of ESBL-producing organisms were
nosocomial infections, duration of hospitaliza-
tion prior to infections, presence of peripheral
intravenous catheter, insertion of urinary cath-
eter, insertion of a nasogastric tube, prior use of
beta-lactams, cephalosporins or fluoroquino-
lones  within the previous 3 months, and lower
Karnofsky performance status score. The anti-
biotic susceptibility patterns for ESBL-produc-
ing GNB and non-ESBL-producing GNB are
shown in Table 3. ESBL-producing GNB were
significantly more resistant to antimicrobial
agents except for the carbapenems. About 90%
of ESBL-producing GNB were susceptible to
carbapenems compared with 77% in non-ESBL-
producing GNB. The mortality rate in patients
infected with ESBL-producing organisms was
43.1% compared to 19.8% in patients with non-
ESBL-producing GNB (p=0.008).

DISCUSSION

Earlier studies on the prevalence of ESBL-

producing organisms in eight medical centers in
Thailand showed that the prevalence of ESBL-
producing E. coli and K. pneumoniae during
1996-1999 was 15.7% and 45.6%, respectively
(Biedenbach et al, 1999). The annual reports of
ESBL-producing organisms at another university
hospital in Thailand revealed that the prevalence
of ESBL-producing K. pneumoniae increased
from 10.2% in 1998 to 46.5% in 2001. The
present study observed that an overall preva-
lence of ESBL-producing gram-negative bacte-
ria was 30.1% and the prevalence of ESBL-pro-
ducers in E. coli, K. pneumoniae and Entero-
bacter cloacae increased to 33.3%, 56.9% and
45.8%, respectively. The prevalence of ESBL-
producing E. coli and K. pneumoniae in our study
was higher than in previous studies from the
same institution and different institutions in Thai-
land. This observation indicated that ESBL pro-
duction has played an important role in the re-
sistance mechanism of GNB in Thailand, espe-
cially in tertiary care institutions. Previous stud-
ies suggested that urinary catheters, nasogastric
tubes, central venous catheters, arterial cath-

Table 3
Antibiotic susceptibility patterns of ESBL-producing GNB and non-ESBL-producing GNB.

Antibiotic ESBL-negative ESBL-positive p-value
Number susceptible/ Number susceptible/

total tested isolates (%) total tested isolates (%)

Ampicillin 25/197 (12.7%) 1/90 (1.1%) 0.003
Cefazolin 96/195 (49.2%) 2/88 (2.3%) <0.001
Amikacin 182/241 (75.5%) 64/103 (62.1%) 0.017
Gentamicin 150/241 (62.2%) 29/103 (28.2%) <0.001
Cotrimoxazole 73/242 (30.2%) 17/102 (16.7%) 0.014
Amoxicillin/clavulanate 81/199 (40.7%) 3/93 (3.2%) <0.001
Ampicillin/sulbactam 91/199 (45.7%) 8/91 (8.8%) <0.001
Cefotaxime 122/242 (50.4%) 2/103 (1.9%) <0.001
Ceftriaxone 122/242 (50.4%) 2/103 (1.9%) <0.001
Ceftazidime 179/242 (74.0%) 5/104 (4.8%) <0.001
Sulbactam/cefoperazone 180/239 (75.3%) 44/104 (42.3%) <0.001
Norfloxacin 35/80 (43.8%) 2/30 (6.7%) 0.001
Ciprofloxacin 123/240 (51.3%) 19/104 (18.3%) <0.001
Cefpirome 173/237 (73%) 26/104 (25.0%) <0.001
Cefepime 186/240 (77.5%) 50/104 (48.1%) 0.006
Imipenem 185/240 (77.1%) 94/104 (90.4%) 0.019
Meropenem 181/237 (76.4%) 90/102 (88.2%) <0.001
Tazobactam/piperacillin 182/240 (75.8%) 54/104 (51.9%) <0.001
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eters, endotracheal tubes, ventilators, total
parenteral nutrition and emergency abdominal
surgery were related to colonization or infection
with ESBL-producing organisms (Lautenbach et
al, 2001; Nathisuwan et al, 2001; Ho et al, 2002;
Kang et al, 2004a,b). Our study found that the
factors significantly associated with the acquisi-
tion of ESBL-producing GNB were nosocomial
infections, longer durations of hospitalization
prior to infection, presence of peripheral intra-
venous catheters, urinary catheters, nasogastric
tubes, prior uses of  beta-lactams, cephalospor-
ins or fluoroquinolones within the previous 3
months and a lower Kanofsky performance sta-
tus score. Our study did not observe any corre-
lation between co-morbid conditions of the pa-
tient and the acquisition of organisms with ESBL-
production as reported by others (Lin et al, 2003).
Our study showed that the Karnofsky perfor-
mance status score was lower in the group with
ESBL-producing GNB infections. One study also
showed that patients with fecal colonization of
ESBL-producing K. pneumoniae had a higher
clinical severity score on admission (Pena et al,
1997). We found that nosocomial infection was
a significant risk factor and the longer the pa-
tients were hospitalized, the more likely they were
to be colonized and infected with ESBL-produc-
ing GNB. Paterson et al (1997) found that 31%
of patients with ESBL-producing K. pneumoniae
had received a third generation cephalosporin
within the 14 days preceding bacteremia com-
pared with 3% in the control group. The wide-
spread use of third generation cephalosporins
is believed to  be the major cause of the muta-
tion in these enzymes that have led to the emer-
gence of ESBL-producing bacteria (Rice et al,
1990; Naumovski et al, 1992). An association
between fluoroquinolones and the emergence of
ESBL production has also been observed (Pater-
son et al, 2000). A possible explanation for the
co-existence of these two resistance mecha-
nisms is that they were transferred on the same
plasmid. The study of  p lasmid-mediated
ciprofloxacin resistance has recently been re-
ported (Martinez-Martinez et al, 1998).

In our study, prior use of beta-lactams or
fluoroquinolones was associated with infections
caused by ESBL-producing GNB. Prior use of

aminoglycosides was also found more often in
patients infected with ESBL-producing GNB,
though it did not reach a significant level due to
the small sample size. Our findings confirmed
an association between antimicrobial use and
the emergence of ESBL-producing GNB. The
ESBL-producing GNB in our series was signifi-
cantly less susceptible to all antimicrobial agents
when compared with non- ESBL-producing
GNB, except for carbapenems. This may be ex-
plained by the fact that ESBL was not detected
in most strains of Acinetobacter baumannii
(93%), and the prevalence of carbapenem re-
sistant Acinetobacter baumannii was high. Of
55 strains which were ESBL-negative and
carbapenem-resistant, 12 were Pseudomonas
aeruginosa, 8 were non-fermenters and 35 were
Acinetobacter baumannii. Carbapenem is the
most active and reliable treatment regimen for
infections caused by ESBL-producing GNB
(Paterson et al, 2004a,b; Kang et al, 2004a,b).
Mortality in patients infected with ESBL-produc-
ing GNB was high (41.3%), even in patients who
received carbapenems. This observation can be
explained by a high prevalence of imipenem-
resistance (5 of 16 strains) and delayed treat-
ment (3 patients received carbapenem treat-
ment 72 hours after the onset of infection).
Therefore, infections caused by ESBL-produc-
ing GNB have become more important in Thai-
land due to limited effective antibiotics and high
mortality. Pena et al (1998) reported a signifi-
cant role in rigorous restriction of oxyimino-â-
lactam use in the management and successful
control of a large nosocomial ESBL-producing
K. pneumoniae outbreak. The New York Hos-
pital also found a decrease in the rate of ESBL-
producing K. pneumoniae upon a shift in anti-
biotic utilization from cephalosporins to other
antibiotics (Rahal et al, 1998). However, with
the limitation of healthcare costs, along with a
limited number of broad spectrum antibiotics,
cephalosporins remain the most common em-
piric antibiotics for Thai patients. The results
from our study may be useful for selecting em-
piric antibiotics active against ESBL-producing
GNB if the patient has the aforementioned fac-
tors associated with infection caused by ESBL-
producing GNB.
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