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Abstract

Background Urinary tract infections (UTls) are the second most common infection, affecting 150 million people
each year worldwide. Enterobacteriaceae species expressing extended-spectrum B-lactamases (ESBLs) are on the rise
across the globe and are becoming a severe problem in the therapeutic management of clinical cases of urinary tract
infection. Knowledge of the prevalence and antibiogram profile of such isolates is essential to develop an appropriate
treatment methodology. This study aimed to investigate the prevalence of Enterobacteriaceae isolates exhibiting
ESBL and their selective oral antibiogram profile at the district general hospital, Polonnaruwa.

Results A total of 4386 urine specimens received to the Microbiology Laboratory during the study period. Among
them, 1081 (24.6%) showed positive results for urine culture while 200/1081 specimens showed ESBL isolates. Out

of the selected 200 specimen’s majority (67.5%) of samples received from the In-Patient Department. There were

200 patients and reported that 115 (57.5%) were females and 85 (42.5%) were males. The majority (51%) of the
patients belong to the age group of 55-74 years. Among the ESBLs positive specimens, the majority 74.5% (n=149)
identified organisms were E. coli followed by Klebsiella spp.17.5% (n=35), Enterobacteriaceae 7% (n=14) and only1%
(n=2) isolate of Proteus spp. Mecillinam (87.92%) and Nitrofurantoin (83.2%) showed higher effectiveness against

E. coli. Nitrofurantoin showed the highest effectiveness against Klebsiella spp. (40%), other Enterobacteriaceae spp.
(100%). Proteus spp. showed 100% effectiveness and resistance respectively against Ciprofloxacin, Cotrimoxazole and
Nitrofurantoin.

Conclusion The most predominant ESBLs producing uro-pathogen was the E. coli in the study setting and E. coli had
higher sensitivity rate against Mecillinam. Among currently used oral antibiotics Nitrofurantoin was the best choice for
UTls caused by ESBL producers.
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Background

Urinary Tract Infection (UTI) is the most common bac-
terial infection prevalent in both females and males.
The incidence is more frequent in women than men due
to shortness of urethra, easy contamination with fecal
flora, and pregnancy [1, 2]. Mostly, neonates, girls, young
women, infants, young children, and older men are
mainly vulnerable to UTIs [3]. Escherichia coli (E. coli) is
the most frequent uropathogen accounting for 70-80% of
cases of acute uncomplicated lower UTIs [4]. However,
Klebsiella spp, Proteus spp, and Pseudomonas spp. are
also reported as uropathogen which cause uncomplicated
UTIs [5, 6].

Extended-spectrum beta-lactamases (ESBLs) are plas-
mid-mediated enzymes [7, 8] produced by the Entero-
bacteriaceae family, Klebsiella pneumoniae, and E. coli.
Other Enterobacteriaceae, non-fermenting bacteria,
Acinetobacter spp., and Pseudomonas spp. also pro-
duce ESBLs but the prevalence rate is low [5]. ESBLs
are hydrolyzed and inactivated beta-lactam antibiot-
ics, rendering them ineffective in treating infections
caused by ESBLs-producing bacteria [9]. It’s responsible
for the increasing antibiotic resistance globally to UTIs.
Major risk factors of UTIs produced by ESBLs positive
uropathogens are patients with numerous comorbidi-
ties, diabetes, long stay in nursing homes, frequent use
of antibiotics, recurrent UTIs, older age, sex (male), and
intravenous treatments or urinary tract abnormalities [9].

According to a WHO report published in 2021, ESBLs-
producing Enterobacteriaceae are part of the group pos-
ing the highest risk to public health [10]. The increasing
isolation of ESBLs-producing bacteria causing UTIs
worldwide due to the failure of empirical therapy which
may result in serious clinical complications such as sep-
sis, renal scarring, and prolonged hospitalization, com-
pared to infection with non-ESBL strains [11].

Hence, ESBL producers have become a major multi-
drug-resistant pathogen, and several significant changes
in ESBL-producing isolates have been witnessed world-
wide in the last two decades [12]. Therefore ESBL pro-
duction is needed to guide appropriate antimicrobial
therapy [13] and minimize the risk of developing resis-
tance to certain drugs soon [14]. Identification of drug-
resistant microorganisms and available oral treatment
options are essential for choosing an appropriate anti-
biotic that would enable to avoid the waste of time, and
high medical costs and reduce the potential complica-
tions or rate of mortality. Further, that may reduce the
development of multidrug-resistant bacteria [15].

Methodology

Patients suggestive of Urinary Tract Infection (UTI)
including the clinical symptoms of dysuria, haematuria,
pain in the lower abdominal area, fever, and chills, were
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Fig. 1 ESBL screening test A- elliptical area B-keyhole appearance. AMC -
Amoxycillin-clavulanic acid CTX- Cefotaxime

considered in the study. Among them patients with sig-
nificant bacteriuria with extended spectrum beta lacta-
mase producers were included in the study [1, 2]. Patient
recruitment process was done with the help of Consul-
tant Microbiologist.

A total of 200 patients with positive urine cultures for
ESBL-producing bacteria and suggestive of having UTI
were enrolled in the study. Only ESBL producing organ-
isms were included in this study from those UTI causing
organisms, the recruitment of patients was done by the
Consultant Microbiologist at District General Hospital
Polonnaruwa, depending on the clinical symptoms and
medical history of the patients.

Urine specimens were processed according to the
standard guidelines [7]. On the first day of the samples
receiving macroscopic appearance, culture on CLED
(Cystine Lactose Electrolyte Deficient Agar) media and
wet film examination were conducted. On the following
day, culture plates were observed and gram stained and
biochemical tests were conducted accordingly to iden-
tify the bacterial species. The uropathogen were grown
on Hi-Crome UTI agar was presumptively identified
based on the different contrasted colony colors produced
by reactions of genus or species-specific enzymes and
chromogenic substrates according to the manufacturer’s
instructions. Antibiotic susceptibility testing was done
according to the Clinical Laboratory Standard Institute
guidelines M100 2021. Thus, ESBL production was iden-
tified according to the CLSI disc diffusion method, mea-
suring the zone diameters of each antibiotic. In the Sri
Lankan Clinical Laboratories ESBL screening was done
by placing the Cefotaxime/Ceftriaxone or Ceftazidime
disc and amoxycillin-clavulanic acid/ ticarcillin-clavu-
lanic acid disc with their centres 20 mm apart. Presence
of ESBL is indicated by an enhanced clear inhibitory zone
resembling a “Keyhole” or an elliptical area between the
discs (Fig. 1).

Further, ESBL screening positive organisms confirmed
by placing Cefpodoxime (10 pg), Ceftazidime (30 ug),
Aztreonam (30 pg), Cefotaxime (30 pg), or Ceftriaxone
(30 pg) antibiotics discs. Noting specific zone diam-
eters that indicate a high level of suspicion for ESBL
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production. (Cefpodoxime 10 pg<17 mm, Ceftazidime
30 ug<22 mm, Cefotaxime 30 pg <.

27 mm or Ceftriaxone 30 pg<25 mm or aztreonam
30 pg<27 mm) (Fig. 2.).

For the identified ESBL producing bacteria, the anti-
microbial susceptibility testing (AST) was performed
using Ciprofloxacin 10 pg, Nitrofurantoin 300 ug, Mecil-
linam 10 pg, Cotrimoxazole and interpretation was done
according to the CLSI guidelines, 2021. Statistical soft-
ware SPSS version 21.0 was used for statistical analysis
and calculations of the data set. The p values less than
0.05 were considered as statistical significance.

Results

A total of 4386 urine specimens were received at the
Microbiology Laboratory during the sample collection
period of 1st April to 31st July 2023. Out of the 4386
specimens, 1081(24.6%) specimens showed culture-pos-
itive results with more than 10° CFU/ml. Among these
culture-positive urine specimens, 200 (18.5%) specimens
showed ESBLs producing uropathogens. the majority
135 (67.5%) specimens received from the inward depart-
ments (IWD) while 65 (32.5%) specimens received from
the Out-Patient Departments (OPD). There were 200
patients and reported 115 (57.5%) were females and 85
(42.5%) were males. Frequency of UTI infection accord-
ing to gender and age are shown in Fig. 1. The highest
number of patients reported ESBL producers in between
the age category of 55-74 years while the majority were
females (Fig. 3).

Among the 200 ESBLs positive specimens, major-
ity 74.5% (149/200) were E. coli followed by Klebsiella
spp.17.5% (35/200), Enterobacteriaceae 7% (14/200) and
only1% (2/200) isolate of Proteus spp. Number of cases
according to the organism type and the age category
(Child<14 years and Adults>14 years) [37] is tabulated
in Table 1.
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Fig. 2 ESBL confirmation test. CRO- Ceftriaxone CAZ- Ceftazidime
ATM- Aztreonam

Table 1 Frequency of the isolated uropathogens according to
the age

Uro-pathogen UTI patient with ESBLS producer Statistic
Total Adult Children

E. coli 149 127 (85.2%) 22 (14.8%) x2=2.17

Klebsiella spp. 35 33 (94.3%) 2 (5.7%) p=0.537

Proteus spp. 2 2 (100%) 0 (0.0%)

Enterobacteriaceae 14 14 (100%) 0 (0.0%)

Total 200 178 22

ESBL producers showed highest effectiveness against
Mecillinam (89%) and least effectiveness against Cipro-
floxacin (Fig. 4.).

Antibiotic susceptibility is shown in Table 2. The E. coli
showed the highest sensitivity toward Nitrofurantoin and
Mecillinam (83.2%) and (87.9%) respectively. Klebsiella
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Fig. 3 Frequency of UTl infection according to gender and age
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Fig. 4 Distribution of drug sensitivity and resistance of antibiotics among ESBL producers

Table 2 Antibiotic susceptibility according to the organism type

Antibiotics Susceptibilit-y  Organisms
E. coli Kleb- Proteus ~ Other
siella spp. coli-
spp. forms
Ciprofloxa—cin  Sensitive 31 4 2(100%) 0
(20.8%)  (11.4%)
Resistance 118 31 0 14
(79.1%)  (88.6%) (100%)
Nitrofurant-oin  Sensitive 124 14 0 14
(83.2%0  (40%) (100%)
Resistance 25 21 2(100%) 0
(16.8%)  (60%)
Cotrimoxa— Sensitive 40 4 2(100%) O
zole (26.8%) (11.4%)
Resistance 109 31 0 14
(73.2%)  (88.6%) (100%)
Mecillinam Sensitive 131 - - -
(87.9%)
Resistance 18 - - -
(12.1%)

spp. showed resistance to all three antibiotics including
Ciprofloxacin (88.5%), Cotrimoxazole (88.5%), and Nitro-
furantoin (60.0%). Further, Proteus spp. showed (100%)
sensitivity to both Ciprofloxacin and Cotrimoxazole and
100% resistance to Nitrofurantoin. Other Gram-Negative
isolates showed 100%sensitivity to Nitrofurantoin and
100% resistance to Ciprofloxacin and Cotrimoxazole.

Discussion

The present study revealed that most of the UTI patients
reported from inward departments of the hospital while
only a limited number of cases were reported from out-
patient departments, suggestive of hospital-acquired
infection of ESBLs producing Enterobacteriaceae. The
urine-positive culture-positive rate was reported as

24.6%. Similar results have been reported by in Nepal of
20.41% positive urine cultures out of 2029 non-repetitive
mid-stream urine specimens [16]. Yadav and Prakash, in
2017 reported a 62.9% rate of urine culture positivity in
Nepal [1]. In contrast, a very low percentage of urine cul-
ture positivity was reported at 6.52% in Iran [17]. These
differences may be due to geographical area, time, and
the diagnostic technique used [18].

Increasing coliform production of ESBLs is a global
healthcare concern because of increasing antibiotic
resistance and restricted treatment options [19-21]. In
the present study, ESBL production was found in 18.5%
(200/1081) in Polonnaruwa District. Another study done
in different districts of Sri Lanka reported 28% and 33%
in Colombo (2012), and 40% in Galle (2016) [22, 23].
Comparatively in Sri Lanka, the rate of ESBLs producing
isolation has changed with time and location.

In 2019 the Centre for Disease Control and Prevention
(CDC) reported that the global prevalence rate of ESBL
production by coliforms has increased by 50% between
2012 and 2017 in the United States [24]. A similar
study for Monitoring Antimicrobial Resistance Trends
(SMART) observed the prevalence of urinary tract infec-
tions caused by ESBLs producing E. coli to increase from
7.8 to 18.3% between 2010 and 2014 in the US [25]. The
ESBL-producing E.coli isolation rates increased at a
faster rate in healthcare-associated settings than in the
community between 2014 and 2020 in the USA [26].

Females are more prone to have UTI infections than
males depending on several factors such as the anatomi-
cal structure of the urethra, hormonal imbalances, and
behavioral changes. The present study also reported
higher incidences of UTI in females compared to males
[27]. The present study reported that many of the UTI
patients belong to the age category of 55-74 vyears.
Many studies have reported that immune-compromised
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patients, elderly patients, diabetes mellitus patients,
and those who are taking chemotherapy and prolonged
antibiotic treatments are more prone to develop UTIs
than the other populations [28]. Similarly, In 2021 Iran
reseacher reported that the age groups of 60-75 (20.11%)
and 45-60 (18%) years were frequently infected with uro-
pathogens. The least number of patients were found in
the age group 15-34 years (9%) and children (12%) [17].

The E. coli found to be the most predominant ESBLs
producing uropathogens in this study. These results
are in line with the previous studies conducted in India
2019,Nepal 2013 and in 2022 China who reported E.
coli isolation rates as 90% ,83.9% and 73.3% respectively
[7, 29, 30]. The members of the Enterobacteriaceae fam-
ily, E. coli and Klebsiella spp. are identified as common
causative agents of UTIs [31-33]. As they possess several
factors including adhesion, pili, fimbriae, and P1 blood
group genotype receptor, which contribute to the attach-
ment of bacteria to the urothelium [34].

The development of novel antimicrobials is not keep-
ing up with developing resistance, from this time it is
necessary to re-evaluate and revive overlooked and older
antimicrobials. Fosfomycin, Colistin, Rifampicin, and
Polymyxin B are some of the older revived antimicrobi-
als that are used effectively these days for the treatment
of superbugs. Mecillinam is an Amido penicillin with
selective and good activity against Gram-negative iso-
lates. Many European and Scandinavian countries have
recently included Mecillinam in their empirical treat-
ment guidelines, especially for the treatment of commu-
nity-based urinary tract Infections (UTIs). Many studies
from Belgium, the United Kingdom, France, and Norway
have reported good in vitro as well as In vivo activity of
Mecillinam against extended-spectrum beta-lactamase-
producing Gram-negative isolates. The important pro-
spective benefits of Mecillinam are that it is available as
an oral prodrug, it has a suitable twice-daily dosage regi-
men, it replaces carbapenems and its use is less associ-
ated with a high risk of Clostridium difficile associated
diarrhea [6, 35].

In ourstudy, Mecillinam identified as the most effective
antibiotic against E. coli. Similarly, Raja et al., 2019 [30].
and Kresken et al., 2022 [36] reported Mecillinam sensi-
tivity toward E. coli was 96% and 86.3% respectively.

Conclusion

In the present study, E. coli was the most predominant
ESBL-producing uropathogen with the highest sensitivity
towards Mecillinam. Among currently used oral antibiot-
ics Nitrofurantoin is the best choice for UTIs caused by
ESBL producers.

Abbreviations
E.coli  Escherichia coli
Ut Urinary Tract Infection

Page 5 of 6

ESBL Extended Spectrum of Beta-Lactamase
cDC Disease Control and Prevention
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