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ABSTRACT

Extended spectrum beta lactamase is an enzyme that is common among the members of enterobactericae. UTI caused by
ESBL containing strains of Escherichia coli are widely prevalent. Failing to detect the ESBL producing ability of the
organism can lead to failure of treatment, particularly with penicillin and cephalosporin. The aim of the study is to
detect the prevalence of ESBL production in E.coli causing urinary tract infections. This study also detects the
performance of double disc synergy test to detect ESBL in Escherichia coli. Total 80 strains of Escherichia coli are
isolated from cases of Urinary tract infection. Identification of the organism was done by microscopy and biochemical
tests. Antibiotic sensitivity test is done to detect the pattern of resistance among the organisms. After the sensitivity test
the strains of Escherichia coli are tested by double disk diffusion method for the ability to produce ESBL. Out of the total
80 strains of E.coli, 28 ESBL producers were detected and 52 non- producers. As compared to the non-producers, ESBL
producers were found to be multi drug resistant. In our study, we found 35% prevalence of ESBL producing Escherichia
coli in UTI cases. The prevalence of ESBL in Uropathogens has increased in India and worldwide over the years. We used
DDST method for the detection of ESBL which is a convenient, reliable and cost-effective phenotypic method that can be
used by laboratories with limited resources. Detection of ESBL can help in the controlling the failure of treatment. This
can improve the overall outcome of healthcare system.
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INTRODUCTION

Escherichia coli is considered as one of the most common pathogen causing nosocomial infection in
humans, such as urinary tract infection (UTI), blood-stream infection (BSI), and gastrointestinal
infection.[1] Severe infections at non-intestinal sites like urinary tract, bloodstream, cerebrospinal fluid
are frequently seen in Extra-intestinal pathogenic Escherichia coli (ExPEC) that are usually common both
in hospital and community settings. The potential of EXxPEC isolates to carry specific virulence genes adds
to a success in colonizing tissues and survive out of the intestinal habitat which cause them to progress in
extra-intestinal disease. [2] Extended spectrum beta-lactamases (ESBLs) is an enzyme that is produced by
certain strain of bacteria which breaks the beta-lactam ring of the cephalosporin. ESBLs are consequently
effective against the beta-lactam antibiotics like Ceftazidime, ceftriaxone and cefotaxime. [3] ESBL
producing bacteria are responsible for high morbidity, mortality, and health care costs. [4] This enzyme
can lead to multi-drug resistance (MDR), which will reduce the available options of antimicrobial agents
for treating ESBL infections. [1]. Escherichia coli producing ESBL has emerged as a threat to human being.
Its ability to infect healthy individuals in the community and immunocompromised patients in hospitals
is a point of concern. Worldwide cases of ESBL producing Escherichia coli infecting healthy individuals
have increased in the community settings. [5, 6, 7] The enzyme ESBL plays a major role in the antibiotic
resistance and leads to serious infections in hospitalized patients who are immunocompromised. The
CTX-M ESBL producers or Cefotaximase producing ESBL show co-resistant to Fluroquinolones in addition
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to Cefotaxime.[8] Studies have shown that developing countries have an increased prevalence of ESBL
producing organisms when compared to countries with better resources and medical facilities. The
common reason for this is found to be limited resources leading to crowding of hospitals and unhygienic
practices and indiscriminate use of antibiotics. [9]. Currently, the detection of ESBL is difficult for the
routine clinical microbiology laboratories with limited resources. The Comite de I’Antibiogramme de la
Societe Francaise de Microbiologie (CA-FSM) and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) suggest screening of ESBL producing isolates based on their resistance to
the extended spectrum cephalosporin in the routine antibiotics sensitivity testing and then confirmation
by an additional method like Double disc synergy test (DDST). This method was designed to differentiate
between resistance towards third generation cephalosporin and ESBL producers.[8,9] As it is not yet
confirmed that which confirmatory phenotypic test is best, other methods of detection like inhibitory
potential disk diffusion or E strip confirmatory test can be used too.[10] . In this study, Escherichia coli
isolated from various clinical samples were identified and tested for their ability to produce ESBL. In
addition to the antibiotic sensitivity testing we included the double disk synergy method to detect the
ability of the organism to produce ESBL. This method is cost effective and sensitive which makes it a
suitable and sustainable method for laboratories with limited resources.

MATERIAL AND METHODS

This study was conducted in Assam downtown University and samples were collected from downtown
hospital for a period of 4 months from April 2022 to July 2022.

Collection of Samples:

This study included Escherichia coli that are isolated from various clinical samples like Urine, pus, stool,
vaginal swab, body fluids etc during the study period. Total 80 strains of non duplicate Escherichia coli
were included in this study.

Identification by biochemical tests:

All the gram negative bacilli are identified first by microscopy and then by biochemical tests like catalase,
coagulase, oxidase test, motility test, Indole production test, MR-VP test etc.

All gram negative motile bacteria which are identified as Escherichia coli based on the findings of all the
biochemical tests are included in this study. Total 80 isolates of Escherichia coli we isolated and identified.
Antibiotic sensitivity testing:

All the isolates of Escherichia coli were tested for their susceptibility to antibiotics by Vitek 2 compact
using GN cassette card. The turbidity of the bacterial suspension was compared to 0.5 as per McFarland
standard by DensiCHEK Plus. The bacterial suspension was inoculated into the Vitek-2 compact along
with GN cassettes AST card. Interpretation of the AST results was performed according to the Vitek-2
compact system. The final interpretation and analysis was completed by using the Clinical Laboratory
Standards Institute (CLSI) criteria. The antibiotics used in this study were Ticarcillin,
Amoxicillin/Clavulanic acid, Piperacillin, Cefepime, Ceftazidime, Cefalotin, Cefoxitin, Cefixime,
Ceftriaxone, Aztreonam, Amikacin, Gentamicin, Tobramycin, Ciprofloxacin, Trimethoprim
/sulfamethoxazole, Minocycline, Piperacillin/tazobactam, Imipenem, Meropenem, Fosfomycin, Nalidixic
acid, Nitrofurantoin and Ertapenem. [11]. Additionally, ATCC Escherichia coli, 25922 was tested along
with the test strains as a control for the antibiotic sensitivity test.

ESBL detection by DDST (Double disc synergy test) method:

After performing the antibiotic sensitivity test, strains showing resistance to any of the three-indicator
cephalosporin were tested for ESBL production by the DDST method. We followed the procedure given by
Harwalkar et al, in 2013. [10] In this test one antibiotic discs of third generation cephalosporin
[Ceftazidime (30 pg) or cefotaxime (30pg)] and amoxicillin/clavulanic acid disc (amoxicillin
20 pg + clavulanic acid 10 pg) are used for ESBL detection. The test organism inoculum is matched with
0.5 McFarland Standard and inoculated on Muller hinton agar by lawn culture method and allowed to dry
for about 5 minutes. Antibiotic disks of amoxicillin-clavulanic acid (20/10 pg) is placed at the centre of a
Mueller-Hinton agar plate after that place either cefotaxime (30 pg) or Ceftazidime (30 pg) disc at a
distance of 15mm (centre to center) from the centre disc and incubate at 37°C for 18 to 24 hours. ESBL
production is interpreted as positive when the zone of inhibition of the cephalosporin (Cefotaxime or
Ceftazidime) is enhanced at the side facing the amoxicillin-clavulanic acid (AMC) disks. (figure 1). ESBL
producing ATCC Klebsiella pneumonia 700603 and non ESBL producing ATCC Escherichia coli 25922 are
used as positive and negative control respectively.
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Figure 1: Double disk diffus

—

ion test detecting ESBL.

In our study we used the double disc diffusion methods to identify ESBL production in Escherichia coli
isolated from Urine samples. Out of the 80 strains 28 (35%) showed ESBL production and 52 (65%) were
non producers of ESBL.
The antibiotic sensitivity pattern of ESBL producers and non producers are shown below in Table1l.

Table 1: Resistance pattern of ESBL producers and Non-Producers

Antibiotics Resistance in ESBL non Resistance in ESBL
producers (n=52) producers (n=28)
Ampicillin (AMP) 33(63%) 20 (71%)
Amoxicillin (AMX) 13(25%) 5(17%)
Ticarcillin (TIC) 31(59.6%) 18 (64%)
Piperacillin (PIP) 8(15%) 4 (14%)
Cefalotin (CEF) 26(50%) 15 (53%)
Cefoxitin (CX) 12(23%) 4 (14%)
Cefixime (CFM) 20(38%) 16 (57%)
Ceftazidime (CAZ) 11(21%) 14 (50%)
Ceftriaxone (CRO) 22(42%) 18 (64%)
Ertapenem (ETP) 5(9.6%) 5(17%)
Amikacin (AMK) 3(5.7%) 4 (14%)
Gentamicin (GEN) 3(5.7%) 5(17%)
Nalidixic Acid(NAL) | 40(76.9%) 19 (67%)
Ciprofloxacin (CIP) 24(46.1%) 18 (64%)
Norfloxacin (NOR) 15(28.8%) 13 (46%)
Ofloxacin (OFX) 11(21%) 17 (60%)
Trimethoprim (TMP) | 34(65%) 14 (50%)
Cefoperazone (CEP) 5(9.6%) 5 (18%)
Cefuroxime (CXM) 0(0) 4 (14%)

Table 2: Distribution of ESBL producers based on Age, Sex and OPD/IPD

Age Children (0-17years) Adult (18-45years) Older adults (46-70 years)
(n=11,39%) (n=13,46%) (n=4, 14%)
Male 8 (28%) 2 (7%) 2 (7%)
Female | 3(10)% 11 (39%) 2 (7%)
OPD 9 (32)% 13 (46%) 3 (10%)
IPD 2 (7%) - 1 (3%)
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The ESBL producers were more prevalent in age groups between 18-45 years. Female showed more cases
16(57%) as compare to male 12 (43%). Most of the ESBL producers 25(89%) were isolated from OPD
patients (Table 2). We also compared the prevalence in pregnant and non-pregnant women and found
that out of 16 ESBL producers were isolated from female patients, 7 of them were pregnant and 9 non
pregnant.

DISCUSSION

ESBL is reported as an enzyme that has increased overtime and currently stands as a major concern for
healthcare system with reference to hospital as well as community. [12] As reported, urinary tract
infections(UTI) are the most common type of hospital acquired infections and Escherichia coli is reported
to be the most prevalent organism causing UTL[13,14] In our study, we included 80 cases of urinary tract
infection where Escherichia coli was isolated as the pathogen. Out of the 80 isolates we detected ESBL in
28 (35%) and rest 52(65%) were non ESBL producers by double disk synergy test. Reports published in
last decade have shown variable values but definitely a rise in the cases of ESBL is seen. [15-21] In a
retrospective study conducted by Vachvanichsanong, P. et al in 2021, E.coli and Klebsiella species were
the common among the children with UTI and they found recurrent UTI to be a significant risk factor for
ESBL associated UTI, in our study children from age group constituted 39% of the total ESBL producers.
[22] Lindblom, A, et al in 2022 also published the similar findings where they found patients with ESBL
E.coli associated UTI have recurrent UTI with ESBL E>coli as the causative agent.[23]. Based on earlier
reports ESBL associated UTI is equally affecting hospital and community settings. [24] Most of our ESBL
positive strains were from OPD patients from community settings. Earlier reports also suggest prevalence
of UTI in community as compared to hospitals.[25,26] Recent studies have revealed the gradual increase
in multidrug resistant ESBL associated UTI in both hospital and community.[26] . The Laboratory
diagnosis of ESBL is very important to avoid the failure of treatment; many laboratories are unaware of
its importance. This has led to the spread and outbreaks of MDR ESBL in community and hospitals.[27] In
a country like India, where resources are limited, a reliable and cost effective method is very useful. Many
studies have reported double disk synergy test as a reliable and cost effective test to detect ESBL. Among
the phenotypic methods available for detection of ESBL, DDST is considered to be most reliable one. DDST
method can work even in the absence of combination drugs and it can be carried out during routine
antibiotic sensitivity test. These attributes of DDST test makes it very useful in diagnostic laboratories
with limited resources.[28]

CONCLUSION

As the cases of ESBL have become very common and it is affecting both the community as well as the
hospital settings, it is necessary to detect ESBL without fail. In this study DDST was used and found
reliable. Molecular diagnosis of ESBL by detecting the associated genes is considered as the gold standard
but DDST can also be used in laboratories lacking the setup for genotypic studies.

ACKNOWLEDGMENT
We would like to express our gratitude to Downtown hospital and Assam downtown university for their
support in this study.

REFERENCES

1. Sadeghi M, Sedigh Ebrahim-Saraie H, Mojtahedi A. (2021): Prevalence of ESBL and AmpC genes in E. coli isolates
from urinary tract infections in the north of Iran. New Microbes New Infect. 45:100947. Published 2021 Nov 20.
doi:10.1016/j.nmni.2021.100947

2. Ambroise ], Benaissa E, Irenge LMWB, et al. (2021): Genomic characterisation of extended-spectrum (3-lactamase-
producing multidrug-resistant Escherichia coli in Rabat, Morocco.] Glob Antimicrob Resist. 26:335-341.
doi:10.1016/j.jgar.2021.07.008

3. Ghafourian S, Sadeghifard N, Soheili S, Sekawi Z. (2015): Extended Spectrum Beta-lactamases: Definition,
Classification and Epidemiology. Curr Issues Mol Biol. 17:11-21.

4. Neupane S, Pant ND, Khatiwada S, Chaudhary R, Banjara MR. (2016): Correlation between biofilm formation and
resistance toward different commonly used antibiotics along with extended spectrum beta lactamase production
in uropathogenic Escherichia coli isolated from the patients suspected of urinary tract infections visiting Shree
Birendra Hospital, Chhauni, Kathmandu, Nepal. Antimicrob Resist Infect Control. 5:5. Published 2016 Feb 15.
doi:10.1186/s13756-016-0104-9

5. van der Starre WE, van Nieuwkoop C, Paltansing S, et al. (2011): Risk factors for fluoroquinolone-resistant
Escherichia coli in adults with community-onset febrile urinary tract infection. / Antimicrob Chemother. 66(3):650-
656. d0i:10.1093 /jac/dkq465

ABR Vol 15 [1] January 2024 476 |Page © 2024 Author



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Singh et al

Walker E, Lyman A, Gupta K, Mahoney MV, Snyder GM, Hirsch EB. (2016): Clinical Management of an Increasing
Threat: Outpatient Urinary Tract Infections Due to Multidrug-Resistant Uropathogens. Clin Infect Dis. 63(7):960-
965. doi:10.1093/cid/ciw396

Pitout |D, Nordmann P, Laupland KB, Poirel L. (2005): Emergence of Enterobacteriaceae producing extended-
spectrum  beta-lactamases (ESBLs) in the community.] Antimicrob  Chemother. 56(1):52-59.
doi:10.1093/jac/dkil66

Abayneh M, Tesfaw G, Abdissa A. (2018):Isolation of Extended-Spectrum fS-lactamase- (ESBL-)
Producing Escherichia coli and Klebsiella pneumoniae from Patients with Community-Onset Urinary Tract
Infections in Jimma University Specialized Hospital, Southwest Ethiopia. Can ] Infect Dis Med Microbiol. 2018;
2018:4846159. Published 2018 Dec 13. d0i:10.1155/2018/4846159

Stromdahl H, Tham ], Melander E, Walder M, Edquist PJ, Odenholt I. (2011): Prevalence of faecal ESBL carriage in
the community and in a hospital setting in a county of Southern Sweden. Eur | Clin Microbiol Infect Dis.
30(10):1159-1162. doi:10.1007 /s10096-011-1202-5

Harwalkar A, Sataraddi ], Gupta S, Yoganand R, Rao A, Srinivasa H. (2013): The detection of ESBL-producing
Escherichia coli in patients with symptomatic urinary tract infections using different diffusion methods in a rural
setting. J Infect Public Health. 6(2):108-114. doi:10.1016/j.jiph.2012.10.004

Salman HA, Abdulmohsen AM, Falih MN, Romi ZM. (2021): Detection of multidrug-resistant Salmonella
enterica subsp. enterica serovar ~ Typhi  isolated from Iraqi  subjects. Vet = World.4(7):1922-1928.
doi:10.14202/vetworld.2021.1922-1928

Rawat D, Nair D. (2010): Extended-spectrum {-lactamases in Gram Negative Bacteria. ] Glob Infect Dis. 2(3):263-
274.d0i:10.4103/0974-777X.68531

Sharifi Y, Hasani A, Ghotaslou R, et al. (2013): Virulence and antimicrobial resistance in enterococci isolated from
urinary tract infections. Adv Pharm Bull. 3(1):197-201. doi:10.5681 /apb.2013.032

Sievert DM, Ricks P, Edwards JR, et al.(2013): Antimicrobial-resistant pathogens associated with healthcare-
associated infections: summary of data reported to the National Healthcare Safety Network at the Centers for
Disease Control and Prevention, 2009-2010. Infect Control Hosp Epidemiol. 34(1):1-14. doi:10.1086/668770

Igbal R, Ikram N, Shoaib M, et al. (2017): Phenotypic cofirmatory disc diffusion test (PCDDT), double disc synergy
test (DDST), E-test OS diagnostic tool for detection of extended spectrum beta lactamase (ES ? L) producing
Uropathogens. ] Appl Biotechnol Bioeng. 3(3):344-349. DOI: 10.15406/jabb.2017.03.00068

Moore CE, Sona S, Poda S, et al. (2016): Antimicrobial susceptibility of uropathogens isolated from Cambodian
children. Paediatr Int Child Health. 36(2):113-117. d0i:10.1179/2046905515Y.0000000008

Lee B, Kang SY, Kang HM, et al. (2013): Outcome of Antimicrobial Therapy of Pediatric Urinary Tract Infections
Caused by Extended-Spectrum {-Lactamase-Producing Enterobacteriaceae. Infect Chemother. 45(4):415-421.
doi:10.3947/ic.2013.45.4.415

Kim YH, Yang EM, Kim CJ. (2017): Urinary tract infection caused by community-acquired extended-spectrum f3-
lactamase-producing bacteria in infants. J Pediatr (Rio J). 93(3):260-266. doi:10.1016/j.jped.2016.06.009
Patwardhan V, Kumar D, Goel V, Singh S. (2017): Changing prevalence and antibiotic drug resistance pattern of
pathogens seen in community-acquired pediatric urinary tract infections at a tertiary care hospital of North
India. ] Lab Physicians. 9(4):264-268. doi:10.4103/JLP.JLP_149_16

Kocak M, Biiytikkaragoz B, Celebi Tayfur A, et al. (2016): Causative pathogens and antibiotic resistance in children
hospitalized for urinary tract infection. Pediatr Int. 58(6):467-471. do0i:10.1111/ped.12842

Vachvanichsanong P, McNeil EB, Dissaneewate P.(2020):Extended-spectrum beta-lactamase Escherichia coli
and Klebsiella pneumoniae urinary tract infections. Epidemiol Infect. 149:e12. doi:10.1017/ S09 502 6882
0003015

Lindblom A, Kiszakiewicz C, Kristiansson E, et al. (2022): The impact of the ST131 clone on recurrent ESBL-
producing E. coli urinary tract infection: a prospective comparative study.Sci Rep. 12(1):10048.
doi:10.1038/s41598-022-14177-y

Arana DM, Sanchez A, Bautista V, Oteo-Iglesias ], Alés JI. (2019): ESBL-producing-multidrug resistant E. coli
population from urinary tract infections is less diverse than non-ESBL-multidrug resistant population. Enferm
Infecc Microbiol Clin (Engl Ed). 37(10):652-655. doi:10.1016/j.eimc.2019.02.008

Rodriguez-Bafio |, Alcala JC, Cisneros JM, et al. (2008): Community infections caused by extended-spectrum beta-
lactamase-producing Escherichia coli. Arch Intern Med. 168(17):1897-1902. doi:10.1001/archinte.168.17.1897
Gaviria LP, Montsant L, Azuaje C, et al. (2022): A Descriptive Analysis of Urinary ESBL-Producing-Escherichia coli
in Cerdanya Hospital. Microorganisms. 10(3): 488. d0i:10.3390/ microorganisms10030488

Adler A, Katz DE, Marchaim D. (2016): The Continuing Plague of Extended-spectrum {-lactamase-producing
Enterobacteriaceae Infections. Infect Dis Clin North Am. ;30(2):347-375. d0i:10.1016/j.idc.2016.02.003

Dejenie Shiferaw Teklu., et al. (2019): “Comparison of Double Disk Synergy Test and Combination Disk Test
Methods for the Detection of Extended-Spectrum Beta-Lactamase Production among Enterobacteriaceae”. EC
Microbiology 15.6 : 411-420.

Copyright: © 2024 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ABR Vol 15 [1] January 2024 477|Page © 2024 Author




