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Abstract
Extended Spectrum ß- Lactamase (ESBL) acquired by bacteria is a highly effective weapon for drug 
resistance against a wide range of antibiotics (penicillins, cephalosporins and monobactams). ESBLs have 
continued to increase in variety and  prevalence and are now a global health concern including Bangladesh. 
They are associated with failure in effective treatment, increased morbidity and mortality, poor outcomes,  
increases in length of stay(LOS) in hospital and health care costs. So, it is important to identify it and take 
necessary measures to treat with appropriate antimicrobial therapy. This study has been designed to establish 
an  easy method for routine reporting of ESBL organisms and notify it's incidence in Health Care settings. 
Double Disk Diffusion Test, utilizing Cefotaxime, Amoxicillin/Clavulanic acid and Ceftazidime, was used as 
Screening Test. Phenotypic Confirmatory Test was done for confirmation of screening ESBL positive 
organisms. Four hundred seventy two organisms (Escherichia coli and Klebsiella sp.) were isolated from urine 
and pus collected from Health Care settings. Only 50 screening ESBL positive organisms and 50 ESBL 
negative organisms were  tested by Phenotypic Confirmatory Test. All of them were positive and negative 
respectively by  Phenotypic Confirmatory Test. Predominant organism among the isolates was Escherichia 
coli (82.8%) of which 54.4% were ESBL positive followed by Klebsiella sp. (17.2%) of which 44.4% were 
ESBL positive. ESBL positivity was more in hospital infections (73.3%) than in community acquired 
infections (44.5%). 
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Introduction:
Resistant bacteria are emerging world wide in community and 
health care settings specially in Intensive Care Units1. 
Extended Spectrum ß- Lactamase(ESBL) is the latest addition 
to this. The  ESBL isolates were first reported from Germany 
and England in 1983 2,3 and subsequently in USA in late 
19883,4. In Bangladesh, it has been reported in 20015. 

ESBLs are enzymes that mediate resistance to ß-lactam 
drugs, viz. penicillins, cephalosporins  and monobactams but 
do not affect cephamycins or carbapenems. Because of 
greatly extended substrate range, these enzymes are called 

extended spectrum ß-lactamases1,. ESBL enzymes are most 
commonly produced by Escherichia coli (E. coli) and 
Klebsiella sp and  to some extent by other members of 
Enterobacteriaceae and Pseudomonadaceae1,6,7,. 

ESBLs have continued to increase in variety (more than 400 
variants detected)8 and prevalence and are now a global 
health concern3,9. The ESBLs have implications for clinicians 
and patients because they are associated with failure of 
effective treatment, increased morbidity and mortality, poor 
outcomes, increased length of stay (LOS) in hospital and 
health care costs9. 

So, it is important to identify it early and properly and take 
necessary measures to treat with appropriate antibiotics. In 
developing countries like Bangladesh, its reporting with 
routine sensitivity tests is not widely practiced.  Aim of this 
study was to i) establish an easy routine  detection method  so 
that every laboratory can  identify and  report ESBL positive 



 
ESBL positive organisms: Method of Routine Reporting and Prevalence in Health Care settings.     	 Asna et al

24Bangladesh J Med Microbiol    Volume 8: Number 2   July, 2014

organisms and ii) notify its prevalence in Health Care 
Settings.

Materials and methods
This is a cross-sectional study. This study was done in the 
Department of Microbiology, Bangladesh Institute of Health 
Sciences (BIHS), Dhaka, Bangladesh from March, 2012 to 
February, 2013.  Samples (urine and pus) were collected from  
BIHS hospital, it's satellite hospitals and out door settings 
located in and around Dhaka city. Approval of ethical 
committee was waived because the samples were received in 
laboratory and contact with patients was not necessary.

Four hundred seventy two organisms isolated from urine and 
pus were studied. Pus was collected from diabetic foot 
lesions, post surgical infected wounds and traumatic wounds.   
Only E. coli and Klebsiella sp. were included in this study 
and other organisms were excluded due to their small 
number(about 2%). Isolation and identification of the 
organisms was done by standard procedures10,11. 

Media for sensitivity: Muller Hinton agar(Oxoid)12,13. 
Antibiotic discs were placed on Muller Hinton agar according 
to standard procedure13. (Figure.I)

Detection of ESBL activity: 
For detection of ESBL positive organisms, screening test14,15 
was done along with routine sensitivity test. Positive 
screening tests were confirmed later by Phenotypic 
Confirmatory Test (PCT)12.

Screening test: 
Double disk diffusion test (DDDT) was used as screening 
test. Disks of Cefotaxime (CTX), Ceftazidime (CAZ) and  
Amoxycillin/ Clavulonic acid (AMC) were placed in a line,  
placing AMC in the centre and other two on either side as 
shown in Fig.I. Distance between AMC and other two were 
25 mm from centre to centre. Other antibiotic disks were 
placed as standard procedure in the same plate along with 
screening test for ESBL activity. Widening of cephalosporin's 
inhibition zone adjacent to the disk containing clavulonic acid 
(AMC) was regarded as ESBL positive13,14,15 (Figure.I).

A.                          B.
Fig. I. Shows routine antibiotic sensitivity test together with screening test(DDDT).
           A.: ESBL  negative;   
           B: ESBL positive(arrow indicates widening of zone of inhibition)

Phenotypic Confirmatory test (PCT):
In this method, two sets were used. One set consists of 
Ceftazidime (30 µg) disk and Ceftazidime/ Clavulanic acid 
(30/10µg) disk. Another set consists of Cefotaxims (30 µg)  
disk and Cefotaxims / Clavulonic acid (30/10µg). The disks 
among the sets were placed  not  less than 30 mm apart 
(centre to centre). When the zone of inhibition by combination 
disks (Ceftazidime /Clavulanic acid or Cefotaxime/ 
Clavulonic acid) was $5mm than the zone of inhibition 
produced by Ceftazidime /Cefotaxime alone, the test was 
taken as PCT positive. Only 50 Screening ESBL positive and  
50 Screening ESBL negative organisms were tested by PCT. 
E.coli ATCC® 25922 was used as control organism for both 
sets of PCT. In an ideal setting, the zone of inhibition by the 
Ceftazidime /Cefotaxime alone is #2mm less than the zone of 
inhibition produced by combination disks12.

Results:
Identification of ESBL Positive organisms:
Prevalence of ESBL organisms:
Table I. shows the incidence of ESBL positive organisms. Out 
of 472 organisms studied, 249(52.8%) were ESBL positive by 
ESBL screening test. Out of these, 50 ESBL Screening test 
positive and 50 ESBL screening negative organisms were 
tested by PCT, all (100%) of which were  found positive   and 
negative respectively. It was also noted that E.coli (82.8%) 
was more prevalent than Klebsiella sp. (17.2%) and  ESBL 
positivity was more in E.coli (54.5%) than in case of  
Klebsiella (44.4%). 

Distribution of ESBL positive organisms in hospital admitted 
patients (IPD) and out patients (OPD) has been shown in  
Table. II. Isolation of ESBL positive organism was higher   in 
samples taken from patients admitted in hospital 
(73.3%,n=135) than samples from out-patient departments 
(44.5%, n=337).

Table I. Result of Screening and Phenotypic confirmatory 
test (PCT) for ESBL activity

Name of test	 Name of	 Result:	 Total N(%)
	 Organisms tested	 N (%) of
	 	 ESBL Positive
	 	 organisms

Screening test	 E. coli (N=391)	 213(54.5)	 249(52.8)
(DDDT)	 Klebsiella sp.(N=81)	 36(44.4)
Phenotypic*	 ESBL Screening	 50(100)	 50(100)
confirmatory	 positive N=50
test(PCT)	 Screening ESBL	 0(0)	 0(0)
	 Negative N=50

Note: * for PCT, both E.coli and Klebsiella sp. were studied proportionately
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Table II: Distribution of ESBL +ve organisms in hospital 
admitted patients (IPD) and out patients (OPD).

Organism	                           IPD	                                           OPD
	 Number	 ESBL+	 Number	 ESBL+
	 studied	 N(%)	 studied	 N(%)

Esch. coli	 100	 76(76)	 291	 137(47.1)
Klebseilla	 35	 23(65.7)	 46	 13(28.3)
Total	 135	 89(65.9)	 337	 150(44.5)

Discussion:
ESBL producers are associated with increased morbidity and 
high mortality rate, increased length of stay (LOS) in hospital 
and increased health care costs. Not only in hospitals, they are 
also emerging in community1,9. Routine reporting of ESBL 
positive organisms with their antibiotic sensitivity is essential 
for proper treatment of the patients. This study was designed 
to develop a system to routinely report ESBL positive 
organisms and to high light the latest scenario of prevalence in 
health settings located in and around Dhaka city.

For detection of ESBL positive organisms all authors 
screened the isolates first by a test called screening test and 
later on confirmed by one or more confirmatory tests 
3,12,16,17,18,19,20. The method used for screening in this study is 
called Double Disk Diffusion Test (DDDT) as described by 
other authors14,15. Screening positive isolates were subjected 
to Phenotypic Confirmatory Test (PCT) as recommended by 
the Clinical Laboratory Standard Institution (CLSI)12. 
However, most of the authors used CLSI guide line (Disk 
diffusion /agar dilution method)12 for screening ESBL 
positive organisms where reduced susceptibility to any of 
Ceftriaxone, Cefotaxime and Ceftazidime was taken as 
screening  ESBL positive3,16,17,20,21. These were further 
confirmed by one or more of  DDDT (also Called DDST)18,20, 
PCT 16,19, E -test3,16,17 and/or PCR 19,20,21 by different authors. 
Dalela (2012)16 used CLSI criteria of diminished zone of disk 
diffusion for screening ESBL positive organisms and used 
DDST (DDDT), PCT and E- test as confirmatory test. By 
DDDT, 57.5% (n=126) and by PCT, 61.6% (n=135) of 
screening ESBL positive organisms were confirmed as ESBL 
producers. E-test correlated with PCT. Isolates were screened 
by CLSI guide line and confirmed by E-test; 76%(n=145) of 
the screening ESBL positives were  found as confirmed 
ESBL positive by E-test17. 

In this study, 50 ESBL screening  positive (by DDDT) 
organisms and  50 ESBL screening negative organisms were 
tested  by PCT where all (100%) of screening ESBL positive 
organisms and Screening ESBL negative organisms were 
found positive and  negative respectively. This showed that 
the screening test (DDDT) was 100% sensitive and specific.  

E.coli ATCC® 25922 was used as control and tested by PCT  
which showed #2mm less zone of inhibition by single disk 
(Ceftazidime or Cefotaxime) than produced by combination 
disk (Ceftazidime/Clavulonic acid or Cefotaxime/Calvulonic 
acid)12. This indicated that the procedure adopted in this 
study was on right track.  

In our study, Screening Test (DDDT) was done along with 
routine sensitivity test. Reasons of selecting DDDT as routine 
ESBL screening test and doing along with routine sensitivity 
test, were - i) it's sensitivity and specificity was comparable to 
that of PCT and E - test16; ii) The test is very simple and can  
be done along with routine sensitivity test. Only appropriate 
positioning of three disks (Ceftazidime, Cefotaxime, and 
Amoxycillin/Clavulonic acid) has to be made. iii) no extra 
cost  and  iv) saves 24 hours than  the method  recommended  
by CLSI12.

In this study, 472 organisms were tested of which 249(52.8%) 
were ESBL positive. This correlates with findings of Ahmed 
et al (53.4%, n=221)18 and Sashirekha (48.9%,n=225)17. 
Findings of Dalela (61.6%, n=219)16, Oliveira et al 
(61.1%,n=90)19  and Yasmin21, (71.3%,n=300) were slightly 
higher; the findings of Rahman et al5 was slightly 
lower(41.4%, n=157), but that of Hansen et al (2.4%, 
n=14674)7 was  much lower. It is to be noted that in countries 
where there is enhanced infection control practices and 
antimicrobial stewardship, the prevalence of ESBL is lower 
than other countries as was evidenced in a study in 2009 
where global prevalence rate was found as follows: However, 
Prevalence of ESBL positive organisms are increasing 
throughout  the world3. 

Predominating organism in our study was E.coli (82.8%, 
n=472) followed by Klebsiella sp. (17.2%,)  of  which 54.5% 
(n=391) of E.coli and 44.4%(n=81) of Klebsiella sp. were 
ESBL Positive. This finding correlates with study of Rahman 
et al5 where predominating organism was E.coli (54.4%, 
n=241), of which 43.2% were ESBL positive, followed by 
K.pneumoniae (45.6%) of which 39.5% were ESBL positive.  
In the study of Sashirekha (2013)17  predominating organism 
was E. coli (28%,n=325), of which 52.8% was ESBL 
positive, followed by K.pneumoniae (25.2%) of which 45.1%  
was ESBL positive. In  the study of Dalela (2012)16  like ours 
predominating organism was E.coli (50.7%,n=219) followed 
by K.pneumoniae (19.6%) but prevalence of ESBL positivity 
was higher, than ours, where E. coli (73.5%) was 
predominating ESBL producer followed by K.pneumoniae  
(58.1%). In contrast, study of Olveira et al (2010)19 showed 
K.pneumoniae (71.1%,n=90) as predominating organism 
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followed by Escherichia coli (24.4%) of which 71.9% of 
K.pneumoniae and 36.4% of E.coli were ESBL positive. 
Study of Yasmin (2012)21 in Bangladesh also showed 
different scenario than ours where predominating organism 
was E. coli (52%, n=300) followed by Proteus sp. (18.3%,) 
and Klebsiella sp. (15%,); in her study, Klebsiella sp (80%) 
topped the list as ESBL producers followed by Proteus sp 
(72%) and  E.coli (67.3%).

When comparison was made between incidence of ESBL 
positive organisms in hospital admitted patients (hospital 
acquired) and out- patients (which may also be called 
community acquired), the incidence amongst hospital admitted 
patients (73.3%, n=135) was found significantly (P<0.001)  
higher than out- patients (44.5%, n=337). However, it is a 
matter of Public Health concern that large number of ESBL 
positive organisms are being community acquired (i.e.patients 
attending out-patient or out -door health care settings). This 
correlates with study of Ahmed et al (2010)18 where 
84(71.2%)) ESBL producers were hospital acquired and 
34(28.8 %) from out patients(community). This contrasts with 
findings of Yasmin (2012)21 who found more ESBLs in 
community (58.4%, n=214) than in hospital (41.6%).

Conclusion:
Prevalence of ESBL positive organisms in health care settings 
and community level is quite high. They can be easily 
identified by screening test using common antibiotic disks in 
routine sensitivity tests. While reporting the culture and 
sensitivity tests, the ESBL positive organisms should be 
pointed out with comment; The organism is ESBL Positive; 
which is resistant to Penicillins, Cephalosporins and 
Monobactams.
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