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Background; Urinary tract infection (UTI) is an infection of one or more structures in the urinary
system, most of which is caused by gram-negative bacteria. Study for Monitoring Antimicrobial
Resistance Trends (SMART), an ongoing global surveillance program, monitors the susceptibilities
of gram-negative bacilli from inpatient with urinary tract infections (UTIs). Materials and Methods;
Hospitalised patient (n=200) with clinical features of UTI were evaluated using R/E urine culture
and sensitivity test. Isolated pathogen was differentiated using Micronaut-E Identification system
whereas determination of in-vitro antimicrobial susceptibility profile was performed using
Micronaut-SB analysis. Results; Our results showed that the gram-negative bacilli from UTI
isolates was Escherichia coli (52%), Klebsiella pneumoniae (23%), Proteus mirabilis (14%),
Acinetobacter spp (5%) and Morganella morganii (5%). Sensitivity testing demonstrated that
amikacin was the most effective antibiotic (95% susceptibility) followed by the carbapenem
(imipenem) (86%), and ceftazidime (81%). The remaining susceptibility profile was cefaclor (57%),
ciprofloxacin (62%) and cefixime (67%). Our findings also showed that the gram-negative bacilli
had higher rate of resistance to amoxicillin/clavulanate acid and vancomycin. E. coli and K.
pneumoniae are the most common pathogens for the development of UTI. Conclusions; Our
findings also address the importance of continuing surveillance of gram-negative bacilli infection in
UTI and monitoring the full trend in antimicrobial activities, new resistance mechanism(s), in order
to implement effective infection control and ensure the reducing of the antimicrobial resistance.
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Introduction
Urinary tract infection (UTI) is one of the most
common hospital-associated bacterial infections [1]. The
term UTI encompasses a variety of clinical entities,
ranging from asymptomatic infection to cystitis,
prostatitis and pyelonephritis [2]. Abnormalities of the
urinary tract as well as several factors reduce its natural
resistance to infection. These factors include sex, age,

underlying disease, hospitalization and obstruction [2].
Due to the increasing antimicrobial resistance, the
treatment for UTI with complicated infections has
become more challenging period E. coli and K.
pneumoniae strains isolated from UTIs have been
reported to increasingly produce extended-spectrum
β-lactamse (ESBL) [3,4]. Studies show that 75% cases
of UTI were caused by normal bowel flora, principally
E. coli and the family of Enterobacteriaceae, including
K. pneumoniae and P. mirabilis [5, 6]. Worldwide,
ESBL-producing Enterobacteriaceae, particularly E. coli
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was as a common cause of infection in UTI. The
spectrum of activity of the drug against the known
pathogen must be taken into consideration before the
decision regarding antimicrobial selection and duration
of therapy. Antimicrobial resistance varies by institution,
country, and continent. Several studies showed that
resistance to commonly used antimicrobials such as
aminoglycosides,
third-generation
cephalosporins,
carbapenems, and β-lactam/ β-lactamase inhibitor
combinations were increasing [7,8]. Monitoring the
antibacterial resistance plays an important role for health
care providers in treating UTI. In addition, the patterns
of antimicrobial resistance in gram-negative bacilli are
increasing alarmingly worldwide. Epidemiological
studies have shown that Asia has the highest prevalence
of the monitoring antimicrobial resistance trends
(SMART) [9]. In this study, we observed the trends in
antimicrobial susceptibility pattern of isolates from UTI
subjects in Malaysia. Susceptibility results of selected
species of Enterobacteriaceae were compared using
different MIC interpretive criteria recommended by the
Clinical and Laboratory Standards Institute (CLSI).
Several reports have described the prevalence of ESBLs
in the Asian countries; however the numbers of
Enterobacteriaceae isolates screened and contributed
were not equal and limited. On other hand, sufficient
scientific data on the epidemiology of ESBLs was
unavailable particularly from private hospital in
Malaysia [10]. To the best of our knowledge, this is the
first study on the antimicrobial susceptibilities of
ESBL-producing Enterobacteriaceae from inpatients
from private hospital in the city.

Material and Methods
Samples collection. Gram-negative bacilli from a
total of 200 urine samples were obtained from both male
and female hospital-associated patients with a clinical
and microbiological diagnosis of UTIs. Each sample
contained 20 ml of urine sample, which was collected
aseptically from a midstream clean catch and put in a
sterile mouthed glass bottles with screw cap tops. The
samples were analyzed bacteriologically. Bacterial
Isolates. All isolates deemed clinically significant (>105
CFU/mL) were considered as a causative agent. Only
one isolate per species per patient has chosen to be
analysed. Bacteria were initially identified by standard
methods in the clinical microbiology laboratories
including Gram staining. Antimicrobial Susceptibility
Testing. Briefly, Antimicrobial resistance were

determined by the standard broth microdilution method
using the commercial Micronaut microtiter plates
(Micronaut Merlin Diagnostika, Bornheim, Germany)
containing a panel of dehydrated antimicrobial agent in
two-fold dilutions in accordance with the Clinical and
Laboratory Standard Institute interpretive criteria
breakpoint (CLSI, 2012). The agents tested were
amikacin, imipenem, ceftazidime, ciprofloxacin,
cefixime, amoxicillin/clavulanate and vancomycin.
Micronaut-E system. Biochemical Micronaut-E test
results were evaluated and interpreted with the
Micronaut Software by calculation algorithms that will
lead to a positive or negative result of the respective
reactions. Negative controls will assist a clear
interpretation of the biochemical reactions according to
the manufacturer’s recommendation. Quality and
Performance Data. Quality control (QC) was performed
each day using the CLSI-recommended QC strains: E.
coli ATCC 25922, Staphylococcus aureus ATCC 29213,
Pseudomonas aeruginosa ATCC 27853 and Enterococcus
faecalis ATCC 29212. Results were obtained from the
data only when the corresponding quality control values
were within the accepted range specified by the CLSI.
Statistical Analysis. p-values were calculated with
confidence intervals set to 95% Statistical significance
was considered when p-values was less than 0.05. Data
were analysed using PASW statistics for windows,
version 18.0 (SPSS Inc. Chicago, IL, USA).

Results
In this study, 21 out of 200 (10.5%) of the hospital
associated
UTI
patients
were
infected
by
Enterobacteriaceae. Among all isolated species, E. coli
(52%) was the most common pathogen causing UTIs in
this study, followed by K. pneumoniae (24%) and P.
mirabilis (14%), whereas Acinetobacter spp and M.
morganii represented 5% of the gram-negative bacilli
respectively, as summarized in figure 1. The rates of
susceptibility of the gram-negative pathogens causing
UTIs to 8 antimicrobial agents, according to the CLSI,
are presented in Table 1. E. coli, K. pneumoniae, and P.
mirabilis showed the most susceptibility to amikacin,
imipenem and ceftazidime. These isolates were less
susceptible to ciprofloxacin, cefixime and cefepime
(<70%). The less commonly isolated bacteria of
Acinetobacter spp and M. morganii demonstrated
resistance towards cefixime and vanomycin. The overall
rates of susceptibility showed 95% of Enterobacteriaceae
isolates were susceptible to amikacin, 86% were
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susceptible to imipenem, and 81% were susceptible to
ceftazidime. The least effective antimicrobial tested were
amoxicillin-clavulanic acid and vancomycin (<30%) as
shown in figure 2.

Fig.1 The percentage of gram-negative pathogens
associated with UTI from inpatient urine specimen

Fig.2
Overall rate of prevalence and
antimicrobial
resistance
percentage
of
Gram-negative bacilli isolated from hospitalised
patients in this study.
Abbreviations: AMC, amoxicillin-clavulanic acid;
CEC, cefepime; CFI, cefixime; CAZ, ceftazidime;
IMP, imipenem; AMK, amikacin; CIP, ciprofloxacin;
VAN; vanomycin

Table 1 Prevalance and antimicrobial resistance of uropathogens isolated in this study.
Abbreviations: AMC, amoxicilin-clavulanic acid; CEC, cefepime; CFI, cefixime; CAZ, ceftazidime; IMP,
imipenem; AMK, amikacin; CIP, ciprofloxacin; VAN, vancomycin. R, resistance; S, susceptible; n/r, not
reported.
Bacteria
Escherichia coli
Klebsiella pneumonia
Proteus mirabilis
Acinetobacter spp
Morganella morganii

No of isolates
11
5
3
1
1

AMC
18
60
0
S
R

CEC
64
60
33
S
R

Discussion
The spectrum of bacteria isolated from hospitalised
patients with UTIs is very broad and includes both
gram-negative
and
gram-positive
pathogen.
Uropathogen identified in this study were similar to
those of many other studies conducted in different
countries [12]. A similar finding was reported in
Asia-Pacific region [8,9], similarities and differences in
the type and distribution of uropathogen have resulted
from different environmental conditions and host factors.
In this study, E. coli was the most common pathogen
isolated followed by K. pneumoniae, consistent with
other studies [14, 15]. In the Asia-Pacific region,
antimicrobial
resistance
of
ESBL-producing
Enterobacteriaceae is a major problem. In this study, we
14

CFI
73
80
67
n/r
R

% of isolates susceptible
CAZ
IMP
AMK
73
91
100
80
100
100
100
67
100
S
S
S
S
n/r
S

CIP
46
80
67
S
S

VAN
0
n/r
n/r
R
R

found that, carbapenems and amikacin were very
effective against UTI pathogens with susceptibility rate
>80%, which was well supported in other populations
[16]. Several studies have shown a great activity of
carbapenems (imipenem) against gram-negative
bacteria. Sensitivity to imipenem indicated that E. coli
and other gram-negative bacteria isolates was
metallo-β-lactamases negative [17,18]. Carbapenems are
currently the preferred agents for treatment of serious
infections
caused
by
ESBL
producing
Enterobacteriacease. Carbapenems are highly stable to
β-lactamase hydrolysis, and porin penetration is
facilitated by their general size and structure [19]. The
susceptibility of most strains of Enterobacteriaceae
makes them generally useful as treatment for
multidrug-resistant organisms [20]. In view of the low
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susceptibility rates to the third and fourth-generation
cephalosporin, it would be helpful for physicians to be
aware of the risk that in UTI cases involving ESBL
producers of fluoroquinolone-resistant bacteria when
prescribing empirical antimicrobial therapy clinically.
In complicated UTIs, delayed effective therapy may
jeopardise the patient’s health and life, the drugs with
high susceptibility rates such as carbapenems or
amikacin will improve the patients’ health. According to
the 2012 CLSI M100-S22 criteria, ceftazidime (33.4%
susceptible) was the most effective agent against
Enterobacteriaceae isolates among the third and
fourth-generation cephalosporins tested. However, in
this study, it is found to be the third active agent against
UTI after amikacin and imipenem. The limitation of this
study was only identification of the known species, not
including unidentified microorganisms. In summary,
different diagnosis may require different diagnostic
criteria and optimising the appropriateness of empirical
antimicrobial therapy, continuing resistance surveillance
and also identifying the cause of the infection and
provide isolates for biochemical testing and
anti-microbial susceptibility in different clinical settings.

Conclusion
The results from the present study demonstrated that
gram-negative bacilli particularly E. coli and K.
pneumoniae are the most common pathogens for the
development of UTI. Regular surveillance of
antimicrobial susceptibility and the proper treatment
guidelines are recommended to help achieve optimal
therapy for patients with UTI specifically. Our findings
provide a better understanding of resistance to
antimicrobial agents and also addressed the importance
to continue surveillance and monitor the development of
efficient and targeted intervention strategies.
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