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ABSTRACT  

  

Introduction: Bacteria had undergone an evolution since the introduction of antibiotics as a way of 

adaptation. The recent increase in cases of extended-spectrum beta-lactamases (ESBLs) and broad-

spectrum antibiotics usage worldwide are of great concerns. Objective: This study aims to establish 

the relationship between third-generation cephalosporin antibiotics usage and the occurrence of 

ESBL microorganisms in a state hospital in Malaysia. Method: A cross-sectional study utilising data 

from January 2014 to June 2017 for six-monthly uses of cefoperazone, cefotaxime, ceftazidime, 

ceftriaxone was expressed in defined daily dose (DDD) per 100 bed-days, while 6-monthly positive 

cultures of ESBL-producing Escherichia coli, Klebsiella pneumoniae were expressed as the 

frequency of infection and coloniser cases. Individual trends of antibiotics use-positive culture ESBL 

over time were analysed descriptively and by linear regression. Result: None of the third-generation 

cephalosporin use shows a significant trend over time. The most prescribed third-generation 

cephalosporin was ceftriaxone. The emergence of ESBL E. coli showed a significant reducing trend 

over time (r2 = 0.931, p < 0.001). No significant correlation was found between antibiotic use and the 

emergence of ESBL organisms. Conclusion: Our study found no significant correlation between 

third-generation cephalosporin use and the emergence of ESBL organisms in our setting. The 

association between third-generation cephalosporin use and ESBL emergence should not be 

considered universal, as the selection pressure of third-generation cephalosporin might be affected 

by other factors specific to the institution. The reducing trend of E. coli emergence may be due to the 

antimicrobial stewardship programme already in place. Additionally, ESBL-producing organisms 

may appear susceptible to third-generation cephalosporins in our laboratory yet be functionally 

resistant in vivo. 

 

INTRODUCTION  

 

Klebsiella pneumoniae and Escherichia coli are common 

nosocomial pathogens that cause hospital-acquired pneumonia 

(HAP), urinary tract infection (UTI) and bloodstream 

infections [1]. Antimicrobial resistance is a significant global 

public health problem that occurs when a microorganism 

develops resistance to an antimicrobial medication that was 

previously effective in treating infections caused by it, because 

of indiscriminate and irrational use of these drugs. 

 

Beta-lactam antibiotics such as penicillins, cephalosporins and 

carbapenems are commonly used to treat infections caused by 

K. pneumoniae and E. coli, but their selection pressure results 
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in bacterial resistance. The production of β-lactamases is the 

primary mechanism in resistance in these two strains [2]. 

 

According to the latest European Surveillance of Antimicrobial 

Consumption (ESAC) [3], third-generation cephalosporin use 

has increased significantly in France, Italy, and Russia over 

time. Similarly, third-generation cephalosporin antibiotics have 

a broad spectrum of activity and are used widely in our setting, 

which is a Malaysian state hospital. Currently, they are used for 

empirical therapy in our hospital for indications such as 

community-acquired pneumonia (CAP) using ceftriaxone, 

catheter-related bloodstream infection (CRBSI) using 

ceftazidime and in surgical wards for treatments of 

cholecystitis and cholangitis using cefoperazone. The unique 

features of third-generation cephalosporins such as 

antipseudomonal activity (ceftazidime) and the ability to 

penetrate the central nervous system (ceftriaxone) mean 

resistance to third-generation cephalosporins should be kept at 

a minimal. Prudent use of these antibiotics would minimise 

resistance without compromising on the treatment of 

infections. 

 

The recent increase in cases of extended-spectrum beta-

lactamases (ESBLs) and the widespread use of broad-spectrum 

antibiotics usage, particularly third-generation cephalosporin 

antibiotics worldwide are of great concerns [2]. According to 

some studies, the increased use of third-generation 

cephalosporin antibiotics caused ESBLs emergence [2], but not 

in other studies [4]. Another study emphasise that among all 

possible risk factors, only broad-spectrum antibiotics intake 

more than 4 days before bacteraemia was found to be 

statistically significant on the acquisition of third-generation 

cephalosporin resistance bacteria [5].  

 

There is no published study in Malaysia relating third-

generation cephalosporins usage and the emergence of ESBL. 

The possibility of the emergence of ESBL being influenced by 

third-generation cephalosporin usage trends in our local setting 

must be established as a basis for policy improvement. It 

remains unknown on the trend of third-generation 

cephalosporins utilisation and any relationship with the 

occurrence of ESBL cases in our setting. Hence, this study 

aimed to determine the trends of third-generation 

cephalosporin antibiotics usage and occurrence of ESBL cases 

over time, as well as to examine the association of third-

generation cephalosporins usage and the occurrence of ESBL 

cases. 

 

METHOD 

 

This is a cross-sectional study utilising data from January 2014 

to June 2017 among all inpatients prescribed with any third-

generation cephalosporin antibiotics during their admission in 

Hospital Tuanku Fauziah, the state hospital of Perlis, Malaysia 

which serves a population of approximately 252,000 [6]. 

Patients under 12 years old were excluded as the drug 

utilisation were expressed as defined daily dose (DDD) per 100 

bed-days, in which DDD is the assumed average maintenance 

dose per day for a medicine used for its main indicator in adults, 

as per recommended by the World Health Organisation (WHO) 

for drug consumption [7]. 

 

Six-monthly usage of cefoperazone, cefotaxime, ceftazidime, 

ceftriaxone was obtained from the inpatient pharmacy 

prescription records and was expressed as DDD per 100 bed-

days [7]. 

 

Antimicrobial resistance data were obtained from the 

microbiology unit of our hospital. Six-monthly positive culture 

of ESBL-producing E. coli and K. pneumoniae were extracted 

using WHONET version 5.6 (World Health Organisation, 

Geneva, Switzerland) and were expressed as the frequency of 

infection and coloniser cases.  

 

Data were analysed using IBM SPSS version 20.0 (Armonk, 

NY : IBM Corp.). Each antibiotic use and positive culture of 

ESBL series were analysed using descriptive analysis and trend 

over time and associations of each antibiotic usage and ESBL 

cases were analysed by linear regression. Series with r2 > 0.3 

and p < 0.05 were considered as significant. 

 

The study was registered with the National Medical Research 

Register (NMRR-17-2664-38618) and was approved by the 

Medical Research and Ethics Committee (MREC), Ministry of 

Health Malaysia.  

 

RESULT AND DISCUSSION 

 

From January 2014 to June 2017, all third-generation 

cephalosporin antibiotics usage and ESBL-producing K. 

pneumoniae occurrence shared similar fluctuations over time 

while ESBL-producing E. coli had a trend independent of third-

generation cephalosporins usage (Figure I.). The most 

prescribed third-generation cephalosporin during the study 

period was ceftriaxone with a mean of 14.8 ± 2.56 DDD / 100 

bed-days, followed by ceftazidime 5.2 ± 0.69, cefoperazone 4.8 

± 0.74 and cefotaxime 0.2 ± 0.12 DDD / 100 bed-days. In a 

similar study, ceftriaxone was used the most, at 1.25 DDD / l00 

bed-days, followed by ceftazidime 0.34, ceftizoxime 0.17 and 

cefotaxime 0.16 DDD / 100 bed-days [8]. Ceftriaxone was 

mostly used in this study because it has the convenience of a 

single daily dose rather than in combination therapy with other 

antimicrobial agents [8,9]. For example, in a study in a tertiary 

hospital in Trinidad, ceftriaxone was also the most widely used 

third-generation cephalosporins, especially among surgical 

patients (48%), followed by internal medicine (19%), 

gynaecology (13%) and orthopaedic patients (10%) [9].         
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Our results could not negate the possibility of delayed 

resistance as a result of antibiotic use as a time series analysis 

could not be performed as recommended due to non-

significance and the poor coefficient of determination (r2) 

obtained [2,10].  

 

On further inferential analysis, none of the observed third-

generation cephalosporin antibiotics usage and occurrence of 

K. pneumoniae showed a significant trend over time. However, 

the occurrence of ESBL-producing E. coli showed a significant 

reducing trend over time (Table I.). This may be due to the 

positive impact of the antimicrobial stewardship programme 

(AMS) programme in our hospital, which had controlled the 

use of wide-spectrum antibiotics. The infection-control 

practices taken are minimising the use of invasive devices such 

as indwelling intravenous (IV) lines by promoting IV to oral 

switch (IVOST), hand washing by medical staffs, heightened 

barrier precautions, and isolation of patients colonised or 

infected with ESBL producers. Continuing medical education 

(CME) sessions by promoting prudent use of broad-spectrum 

antibiotics can be regularly conducted among healthcare 

professionals. The inclusion of ward pharmacists in all wards 

also plays a great role.  In a study, the patients’ gut carrier rate 

of ESBL-producing bacteria fell significantly (p = 0.023) in 

wards with high antibiotics consumption after pharmacist 

intervention [11]. Our ward pharmacists remove broad-

spectrum antibiotics such as cephalosporins from the ward's 

medicine cabinet where cephalosporin prophylaxis is not 

required, guiding physicians in antibiotic prescribing and 

ensuring guidelines are followed. However, the interaction of 

these infection control variables with antibiotic prescription 

was not determined in our study.  

 

There is no significant relationship was observed between the 

occurrence of ESBL cases and usage of any third-generation 

cephalosporin antibiotics during the study period (Table II.). 

The non-significant relationship between the occurrence of 

ESBL cases and usage of any third-generation cephalosporin 

was supported by a study involving four public Singaporean 

hospitals from 2006 to 2008 [4]. The lack of a significant 

association between antibiotic usage and resistance in our 

analysis could be due to several factors. We measure ESBL 

occurrence by cases. Resistance selection pressure happens at 

individual levels, and antibiotic prescriptions calculated as 

DDD does not account for individual antibiotic exposure.  A 

small percentage of patients are exposed to broad-spectrum 

antibiotics, and they are primarily the patients who are 

susceptible to infections caused by antibiotic-resistant 

organisms. As a result, while DDD measurements are valuable 

for comparison and benchmarking, they may not correlate well 

with the eventual development of antibiotic resistance. Once 

antibiotic use reaches a critical threshold, antibiotic resistance 

may become dissociated from the use. However, whether or not 

a threshold exists, it has yet to be determined in this study.  

 

Increased utilisation of third-generation cephalosporin, on the 

other hand was associated with a statistically significant 

increase in the incidence of ESBL-positive organisms [2,12]. A 

retrospective drug-utilization study conducted over 8 years in 

University Hospital Olomouc, Czech Republic, discovered that 

increased utilization of third-generation cephalosporin in their 

study was associated with a statistically significant increased 

incidence of ESBL-positive Klebsiella pneumonia strains [2]. 

Through microbiological analysis of the isolates in Sir 

Sunderlal Hospital, Varanasi, India, it is concluded that third-

generation cephalosporins may promote the emergence, 

persistence and dissemination of resistant isolates in the 

hospital environments [10].  

 

Our study did have several limitations. We were unable to 

collect detailed demographic information on the patients as the 

data was collected retrospectively. This, limits in knowing the 

potential risk factors for the resistance of third-generation 

cephalosporin other than previous antibiotics use. We could not 

determine the sources of microorganism, either hospital-

Table I. Simple linear regression analysis on antibiotics usage and 

occurrence of ESBL cases over time. 

 

Variable  r2 P-value Gradient (95% CI) 

Antibioticsa    

Ceftriaxone 0.404 0.125 0.76 (-0.30, 1.81) 

Ceftazidime 0.003 0.911 0.02 (-0.35, 0.38) 

Cefotaxime 0 0.966 0.00 (-0.06, 0.06) 

Cefoperazone 0.323 0.183 -0.20 (-0.52, 0.13) 

Microorganismsb    

ESBL E. coli 0.931 < 0.001 - 0.43 (-0.56, -0.29) 

ESBL K. pneumoniae 0.008 0.846 -0.03 (-0.40, 0.34) 

 
aThe gradient is shown as DDD/100 bed-days per six-month. 
bThe gradient is shown as the number of infection and coloniser cases 

per six-month. 

 

Table II: Simple linear regression analysis on the relationship 

between occurrence of ESBL cases and antibiotics usage. 

 

ESBL occurrence vs 

antibiotics usage   
r2 

p-

value 

Gradient of 

frequency of ESBL 

cases over DDD/100 

bed-days (95% CI) 

ESBL E. coli    

Ceftriaxone 0.374 0.144 -1.37 (-3.41, 0.67) 

Ceftazidime 0.001 0.957 0.21 (-9.37, 9.79) 

Cefotaxime < 0.001 0.993 -0.21 (-57.05, 56.63) 

Cefoperazone 0.281 0.221 4.12 (-3.47, 11.72) 

 

ESBL K. pneumoniae 

   

Ceftriaxone 0.245 0.259 0.82 (-0.83, 2.46) 

Ceftazidime 0.080 0.539 1.73 (-5.02, 8.49) 

Cefotaxime 0.001 0.945 1.18 (-40.58, 42.93) 

Cefoperazone 0.207 0.305 2.61 (-3.47, 11.72) 
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acquired or community-acquired. ESBL-producing organisms 

might appear susceptible to third-generation cephalosporins in 

our laboratory, yet to be functionally resistant to these agents 

in-vivo [13]. 

 

In a recent study, a sample of countries with antimicrobial 

resistance data in the Resistance Map database was used to 

create mixed linear models [14]. It was found that third-

generation cephalosporins and carbapenems could be 

ineffective against a large proportion of E. coli and K. 

pneumoniae infections in most parts of the world by 2030. 

Despite our findings that the ESBL occurrence had yet to reach 

a concerning level, we could replicate an intervention limiting 

the use of third-generation cephalosporins. This is supported by 

a before-after comparative 2-year trial that cephalosporin-

resistant Klebsiella infection and colonisation were 

significantly reduced by cephalosporin class restriction [15]. 

 

CONCLUSION  

  

In our study, third-generation cephalosporin antibiotics usage 

and ESBL-producing K. pneumoniae occurrence shared 

similar fluctuations over time. On further analysis, only the 

occurrence of ESBL-producing E. coli showed a significant 

reducing trend over time. There was no significant association 

between third-generation cephalosporin use and the 

emergence of ESBL organisms in our setting. Clinicians and 

pharmacists should continue working collaboratively in 

achieving a good antimicrobial prescribing practice. 
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