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Abstract

Background: The Extended Spectrum B-Lactamase (ESBL) producing organisms are increasing rapidly and becoming a major problem in the area
of infectious disease. The present study was conducted to know the prevalence of ESBL producing Escherichia coli (E. coli ) isolated from different
clinical specimens received in the Department of Microbiology at the Sheri-Kashmir institute of medical sciences, (SKIMS) and to observe the drug
resistance pattern of these ESBL producing E. coli.

Methods: Various isolates of E. coli were obtained from patients admitted or attending Out Pateint Department (OPD) over a period of 2 years from
15t August 2005 to 315 July 2007. In this study, 221 E. coli were subjected to screening by using cefotaxime, ceftazidime and ceftriaxone 30ug discs.
Among them, 211 were positive for potential ESBL production which were further subjected to confirmatory tests by the following Phenotypic
methods; double disc synergy test (DDST), phenotypic confirmatory disc diffusion test (PCDDT) and E-test.

Findings: 55.9 % (118/211) of E.coli isolates were positive for ESBL production from different clinical specimen, highest number being from urine
(72.9 %). The highest number of ESBL production were from inpatients (71.2 %) followed by outpatient (28.8 %).The resistance pattern of ESBL
positive isolates showed higher resistance to 34 and 4th generation cephalosporins (97.5 % to 99.2 %), quinolones (93.1 % to100 %) and aminogly-
cosides (65.2 %). They showed high degree of sensitivity to imipenem (98.3 %), nitrofurantoin (91.5 %), gatifloxacin (64.1 %) and amikacin (78.2 %).
Conclusions: The high prevalence of ESBL production among E. coli was observed which should alert the physician as it is associated with indis-
criminate use of 3'd and 4th generation cephalosporins. The presence of ESBL in outpatient is of main concern as it can be responsible for com-
munity acquired ESBL and can spread fast in our community. The multidrug resistance pattern of ESBL isolates was observed.

Introduction
1980's [3]. The first report of plasmid-encoded B-lactamase capable

Resistant bacteria are emerging worldwide as a threat to the favour-
able treatment outcome of common infections in community and hos-
pital settings [1]. Among antibiotics ,3- lactams are the most widely
used agents accounting for over 50 % of all systemic antibiotics in use
[2]. Mechanisms by which clinical isolate of Gram negative bacteria
resist B-Lactam antibiotics are through production of $3-Lactamases,
modification of cell wall and modification of target sites with reduced
affinity for 3-Lactam antibiotics [3-4]. Among these, the production of
-lactamase appears to be of primary concern and one of the most
rapidly developing and clinically significant antimicrobial resistance
mechanism [3-4].

The first plasmid mediated B-lactamase in Gram negatives was report-
edin 1965 froman E. coliisolate from a patient in Athens, Greece, named
Temnoniera (hence the designation TEM.). Another common plasmid
mediated B-lactamase found in Klebsiella pneumonia (K.pneumoniae.)
and E. coli is SHV-1 (named after the sulfhydryl “variable”active site)
[5]. Newer 3-lactam antibiotics (extended spectrum Beta-lactam) that
would not be susceptible to these enzymes became widely used in the
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of hydrolysing the extended spectrum cephalosporins was published
in 1983[5] which was first isolated in Germany. ESBLs spread rapidly
to Europe, US and Asia and are now found all over the world [2].
Being plasmid mediated, they are easily transmitted among members
of enterobacteriaceae thus facilitating the dissemination of resistance
not only to B-lactams but to other commonly used antibiotics such as
quinolones and aminoglycosides [2].

E. coliis one of the most common isolate in our hospital settings and as
-lactam antibiotics are mainstay of treatment, the increasing number
of E .coli isolates exhibit ESBLs; and as such B-lactam group of anti-
biotics will be almost ineffective in few years to come. E. coli is most
common organism after Klebsiella to exhibit ESBL’s. There is paucity of
information about antimicrobial resistance especially on ESBL's from
Kashmir. The present study was undertaken, keeping in view of the
above facts, to know the prevalence and resistance patterns of clinical
isolates of ESBL producing E. coli by employing DDST and PCDDT. In
addition, E-test method of detection was performed on selected ESBL
positive strain.
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Methods:

Clinical isolates;

Atotal of 221 E. coliisolates from different clinical specimens during the
period of August 2005 to July 2007, were screened for potential ESBL
activity. These strains were isolated from different clinical specimens
like urine, blood, sputum, pus and other body fluids which were re-
ceived in the bacteriological division of microbiology. All the samples
were processed and identified as per the standard bacteriological divi-
sion of microbiological protocols and procedures [6]. E.coli ATCC 25922
was used as a negative ESBL control. Based on routine antibiotic disc
sensitivity tests, isolates that exhibited resistance to any one of the
third generation cephalosporins: ceftazidime, cefotaxime, ceftriaxone
were shortlisted to test for the production of ESBL.

Antibiotics;

The following antibiotic sensitivity discs were used for primary screen-
ing: ceftazidime 30 pg, cefotaxime 30 pg and ceftriaxone 30 pg. In
addition, Augmentin disk containing 20 pg of amoxicillin plus 10 ug of
clavulanic acid and ceftazidime (30 pg) + cavulanic acid (10 ug) were
used for confirmatory tests. E-test strips of ceftazidime and ceftazidime
+ clavulanic acid were used for selected ESBL isolates.

Screening for ESBLs by DDST: [7,9-14]

E. coliisolates that exhibited resistance to third generation cephalos-
porins were screened to detect ESBL producers. Cefotaxime 30 ug disc
was placed at a distance of 15 mm edge to edge from a centrally placed
disc containing 20 pg of amoxicillin + 10 pg of clavulanic acid. Plates
were incubated at 35°C for 18-20 hours and the pattern of zones of
inhibition was noted. Isolates that exhibited a distinct shape/size with
potentiating towards amoxicillin + clavulanic disc were considered
potential ESBL producers.

PCDDT: [7, 9-11]

ESBL production was confirmed among potential ESBL producing iso-
lates by phenotypic tests. Third generation cephalosporins with and
without clavulanic acid were used as follows;- ceftazidime (30 pg) and
ceftazidime (30 pg) +clavulanic acid (10 pg). Disk diffusion assay was
carried out as per guidelines of Clinical Laboratory Standards Institute
(CLSI), 2005 and difference in zone diameters between disk with and
without clavulanic acid were recorded [29]. A difference of >5 mm be-
tween the zone diameters of ceftazidime and ceftazidime + clavulanic
acid disk is taken to be phenotypic confirmation of ESBL production.

E-test of selected ESBL isolates. [7-8]

E-test of selected ESBL isolates was carried out. Ratio of ceftazidime
MIC and ceftazidime + clavulanic acid MIC equal to or greater than 8
indicated the presence of ESBL.

Results:

Two hundred and eleven of 221 isolate (95.5 %) were positive for po-
tential ESBL producers and these isolates were further subjected to
confirmatory tests. One hundred and eighteen E. coli isolates tested
positive for ESBL production by three cofirmatory tests ; DDST, PCDDT
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and E-Test. Double disk potentiation test showed eleven E.coli isolates
positive for ESBL production. i.e.; 9.3% (11/118) as indicated in figure
1. PCDDT detected 99.2% (117/118) E. coli positive for ESBL production
(figure 1). Ten isolates among 117 potential ESBL producers were also
confirmed by DDST. Twenty selected isolates were confirmed by E-test
method. All of them tested positive for ESBL production with MIC's
ranging from 42.66 pg/ml to 320 pg/ml (Figure 1).
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FIGURE 1: depicts % detection of ESBL enzymes in E. coli by
confirmatory tests.

The highest number of ESBL positive isolates were from inpatients
(71.2 %) followed by (28.8 %) from outpatient (Table 1). The distribu-
tion of ESBL positive isolates among wards was as follows; 11.8 % from
nephrology, 8.4 % from gastroenterology and general medicine each
while the least number was isolated from haematology 1.7 % (Table 1).

TABLE 1: Ward wise distribution of ESBL positive
Escherichia coli isolates.

ESBL Positive ESBL Negative
Ward
N (%) N (%)
Cardiology 5 (4.24) 2 (2.20)
CVTS 4 (3.39) 1 (1.10)
Neurosurgery 0 (0.00) 1 (1.10)
Accident & Emergency 4 (3.39) 5 (5.40)
General Surgery 6 (5.08) 3 (3.20)
Gastroenterology 10 (8.47) 6 (6.50)
Urology 5 (4.24) 7 (7.50)
Nephrology 14 (11.86) 9 (9.70)
General Medicine 10 (8.47) 9 (9.70)
Endocrinology 8 (6.78) 4 (4.30)
Plastic Surgery 2 (1.69) 9 (9.70)
Neurology 3 (2.54) 3 (3.20)
Neonatology 5 (4.24) 5 (5.40)
Haematology 2 (1.69) 2 (2.20)
Oncology 3 (2.54) 1 (1.10)
*SICU 3 (2.54) 1 (1.10)
**OPD 34 (28.81) 25 (26.90)
TOTAL 118 93

*SICU (Surgical intensive care unit) ; ** OPD (Outpatient department).
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Urine (72.9 %) was the main source of ESBL producing isolates followed
by pus (9.3 %) and then blood (7.6 %) (Table 2).

TABLE 2: showing isolation of ESBL positive E.coli
from various clinical Specimens.

Positive Negative

Specimen N % N %
Urine 86 729 59 63.4
Pus 1 9.3 16 17.2
Pleural fluid 2 1.7 0 0
Blood 9 7.6 8 8.6
Bile 6 5.1 9 9.7
Asitic fluid 1 0.8 1 1.1
Endotracheal tip 1 0.8 0

Sputum 1 0.8 0 0

*CSF; cerebrospinalfluid

The prevalence of ESBL producing E.coli among potential producers
of ESBL was 55.9 % (118/211) which was confirmed by DDST, PCDDT
and E-test.

Third generation cephalosporins showed 97.5 % to 99.2 % resistance
while cephalosporin + clavulanic acid combination reported only 20
% resistance in ESBL producers (Table3). Fourth generation cephalo-
sporin, cefpime showed 100% resistance. In quinolones; levofloxacin
and moxifloxacin reported 100 % resistance followed by ofloxacin and
ciprofloxacin 96.2 % and 93.1 % respectively. In aminoglycosides, gen-
tamicin showed 65.2 % resistance. Cotrimaxozole resistance was seen
in 69.1 % isolates. Imipenem, nitrofurantoin, meropenem, gatifloxacin
and amikacin showed 98.3 %, 91.5 %, 88.9 %, 64.1 % and 78.2 % sensi-
tivity respectively (Table 3).

In Non-ESBL producers 100 % resistance seen among third and fourth
generation cephalosporins while in quinolones; ciprofloxacin had 89.3
% and ofloxacin 93.8 % resistance. In aminoglycosides, gentamicin had
78.5 % resistance. Cotrimaxozole had 76.1 % resistance (Table 3).

TABLE 3 : Antibiotic susceptibility of ESBL Producers
and Non-producers of E. coli

ESBL
A ntibiogram Positive Negative
N % N %
Sensitive 1 0.8 0 0
*Ce_Cephalosporins
Resistant 17 99.2 93 100
Sensitive 1 0.8 0 0
**Ca_Cephalosporins
Resistant 17 99.2 93 100
Sensitive 3 2.5 0 0
***Ci_Cephalosporins
Resistant 115 97.5 93 100
Sensitive 76 80.0 38 55.1
#C+S_Cephalosporins
Resistant 19 20.0 31 449
Cefpime Resistant 14 100 15 100.0
Sensitive 43 78.2 32 59.3
Amikacin
Resistant 12 21.8 22 40.7
Sensitive 31 34.8 14 21.5
Gentamicin
Resistant 58 65.2 51 78.5
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Sensitive 8 6.9 9 10.7
Ciprofloxacin .
Resistant 108 93.1 75 89.3
Sensitive 4 3.8 5 6.2
Ofloxacin
Resistant 102 96.2 76 93.8
Sensitive 41 64.1 41 68.3
Gatifloxacin
Resistant 23 359 19 31.7
Sensitive 0 0 2 66.7
Levofloxacin
Resistant 2 100 1 333
Sensitive 0 0 2 50.0
Moxifloxacin
Resistant 10 100.0 2 50.0
Sensitive 54 91.5 15 53.6
Nitrofurantoin
Resistant 5 8.5 13 46.4
Sensitive 29 30.9 16 239
Cotrimaxozole
Resistant 65 69.1 51 76.1
Sensitive 58 98.3 3 15.0
Imipenem
Resistant 1 1.7 17 85.0
Sensitive 8 88.9 7 100
Meropenem
Resistant 1 1.1 0 0

*cefotaxime, **ceftazidime, ***ceftriaxone, #cefotaxime plus sulbactum.

Discussion:

ESBLs are clinically important because they destroy cephalosporins,
given as first line agents to many severely ill patients. Delayed recogni-
tion and inappropriate treatment of severe infections caused by ESBL
producers with cephalosporins has been associated with increased
mortality [8,30].

In this study, 95.5 % of the E. coli isolates were positive using cefotax-
ime, ceftazidime and ceftriaxone 30 ug each discs as initial screening
agent which were further subjected to confirmatory tests .The high
percentage of resistance was seen to 3'd and 4t" generation cephalo-
sporins; ceftazidime (99.2 %), cefotaxime (99.2 %), ceftriaxone (97.5 %)
and cefpime (100 %) and these findings matched with various studies
conducted in India and elsewhere [3,18-19].

The 9.3 % ESBL positive strains confirmed by DDST is very much low
when compared to other study [3]. The reasons for discordance are
various factors like precise placement of discs, correct storage of the
clavulanic discs and performance of appropriate control tests are criti-
cal to the sensitivity of DDST. Double disk test can lack sensitivity be-
cause of the problems of optimal discs spacing [3,9,11] but our study
result was comparable with a study conducted in a teritiary care at
Medical College of Virginia [14]. PCDDT result obtained is similar to
what has been found in other studies [11,20]. E-test confirmation test
method detected ESBL production in twenty selected ESBL positive
isolates confirmed by other confirmatory tests. Their ESBL status and
MIC was determined and comparable with other studies done [21-22].

The highest number of ESBL positive isolates were from inpatients
followed by outpatients which matched with a study reporting ESBL
producing bacteria 87 % from inpatients and 12.7 % from outpatients
[23].This high percentage of ESBLs from outpatient should alert the
physician. Urine was the main source of ESBL's production in all the
specimen followed by pus and blood which was almost similar to study
by Bithikia et al [3]and Rafay et al [18]. Much higher (58 %) prevalence
of ESBL producers in urinary isolates of gram negative bacilli was ob-
served in India by Mathur et al [24].The out-patient presence of ESBL is
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of main concern as it is now come to the alert of the physician that ESBL
is spreading fast in the community and responsible for community-
acquired ESBLs and the highest number being from urine specimens
[1,10-11].

The prevalence of ESBL positive E. coli of 55.9 %(118/211) was confirmed
by DDST, PCDDT and E-test .The above prevalence of ESBL positive iso-
lates is in concordance with various studies and vary among different
geographical areas, countries and institutions [3,19,24,15].

Amit-Jain et al [19] detected marked geographic variation. Incidence
in India was 47.5 % and other countries 36 % to 55 %. A study from
Northern India [19] in 2000 by Amit Jain reported an incidence of 58.06
% for ESBL producing E. coli which is almost equal to our current study
conducted.

The frequency of ESBL-producing organisms differ significantly in ac-
cordance with geographic location. Although frequency of ESBL pro-
ducing E.coli in Europe, North Latin America and Western Pacific is
reported at 1-8 %, its prevalence in the Asia Pacific region and South
Africa is reported at more than 20 % [25]. The lower prevalence of
ESBL in western countries compared to others can be explained by
implementation of infection control measures, restricted and judicious
use of oxyimino-cephalosporins, implementation of appropriate ESBL
detection methods recommended by CLSI, importance of hand hy-
giene reinforcement, recommended isolation precautions for patients
colonized or infected with ESBL producers, continuous education
programs and research studies which all are known to contribute to
decreasing the spread of ESBL producing organisms.

The antibiogram of both -lactam and non-f-lactam group of antibio-
tics showed multidrug resistance pattern (Table3). A study by Tankhi-
wale [26] reported 82 % resistance to cotrimaxozole. Nitrofurantoin
constituted a reasonable option for treatment (62.5 % sensitivity). Ami-
kacin was drug of choice as 85.7 %isolates were sensitive to this drug.
Both these drugs showed similar results in our study.

Cephalosporin plus sulbactam showed 20 % resistance which was
higher than reported in a study [16].A study by Villanvena [9] reported
multidrug resistance pattern similar to our study but reported 100 %
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sensitivity to imipenem and meropenem in contrast to our study show-
ing 11.1 % resistance in meropenem and 1.7 % resistance to imipenem
as such these two drugs can no longer be considered a drug of choice
for ESBL producing E.coli and further these finding corroborated with
other studies [16,18,23-24,26].

ESBL producing organisms hydrolyse B-lactam antibiotics, so antibiotic
choice for infections with such organism is seriously reduced. Further,
the plasmids bearing the genes encoding ESBLs frequently also carry
genes encoding resistance to aminoglycosi- des and trimethoprim/
sulfamethoxazole [27].

In the current study multidrug resistance is observed to 3" and 4th
generation cephalosporins, quinolones and aminoglycosides. ESBL-
mediated resistance is not always obvious in vitro to all cephalosporins.
Many ESBL producers are multiresistant to non-f3-lactam antibiotics
such as quinolones and aminoglycosides, thereby narrowing treat-
ment options. Some producers achieve outbreak status spreading
among patients and locals, perhaps owing to particular pathogenicity
traits [30]. Once an ESBLproducing strain is detected, the laboratory
should report it as “resistant” to all pencillins, cephalosporins and az-
treonam, even if they test as susceptible. Other anti-microbial agents
can be reported as they are tested [28].

The high prevalence of ESBL in E.coli exists in our institute can be
traced to the indiscriminate use of 3'd and 4th generation cephalospo-
rins. The presence of ESBL in outpatient is of main concern as it can be
responsible for spreading ESBL from hospital to general population.
Therfore, judicious use of 3™ and 4th generation cephalosporins will
be effective means of controlling and decreasing the spread of ESBL.
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