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ABSTRACT

UPEC is responsible for morethan 90% of UTI. Conventional and molecular characterizations are essential for
epidemiological surveillance as well as proper management of diseases. Virulence factors, antibiotic susceptibility,
RAPD pattern, plasmid profile of the E. coli isolated from UTI cases were studied using standard methods.
Antibiotic susceptibility pattern of 127 uropathogenic E. coli revealed 11 specific resistance patterns with 96.7%
resistance to erythromycin and cefpodoxime. Twenty three strains were resistance to all antibiotics tested and
revealed the presence of virulent genes like fimH, hly and kps. All the strains showed six clustered RAPD pattern.
All the tested isolates harboured plasmid. UPEC also showed the presence of tem, oxa, shv and ctx,, genes.
Antibiotic resistances were due to plasmid which is evidence in plasmid curing study. This study concludes the
relationship between plasmid profile, virulence, antibiotic resistance and relatedness of organismsin a community.
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INTRODUCTION

Urinary tract infection is a common infection anane prevalent all over the world [1]. In India,i$t one of the
most common causes of morbidity and mortality, @ifey all age groups across the life span E&therichia coli
(E. coli) are present in the gastrointestinal tract as mabflora and are the common cause of communityedkas
hospital acquired infections of UTI [3]. In huma, coli associated with extra intestinal disease are teamezktra
intestinal pathogenic&. coli (EXPEC). These strains related to UTI are call&®EOQ [4]. The uropathogenic
Escherichia coli (UPEC) strains are responsible for 70-90% Ulhl.recent years, incidence of cephalosporins,
fluoroquinolones and trimethoprim resistdhtcoli causing UTIs shows special clinical importance,aose they
cause multiple virulence and are not respondingptomon therapeutic applicatiorBiofilm forming ability of the
E. coli protects the bacteria against high antimicrobiacemtration and phagocytosis. Detection of virufastor
producing strains is relevant for the design ofcadée control measures for UPEC infection. Motiligherence
and biofilm formation are from the primary stepshiacterial pathogenesis and in the developmenbtirnarobial
resistance [5]. CDC recommended the use of shom &ntibiotics for the treatment of UTI. Therefaiteis
important that the susceptibility data of majorpathogens should be known. Hence in the presedy smtibiotic
sensitivity pattern of the uropathogens were asseddultidrug resistance properties of the pathsgae plasmid
mediated phenomenon [6]. Pathogenic entry to tisé ¢ells are mediated by virulent factors like bsdel enzymes,
fimbriae, pili, flagellin, urease, the hemolysin HA) the IgA metallo protease ZapA and extendestspmp-
lactamases (ESBLS) [7]. Having known the incideat&TI, prevalence of uropathogens, its virulenaetibiotic
susceptibility, the present study was undertaketetermine the virulence factor gene and genetiaiity among
the uropathogeniEscherichia coli.
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MATERIALSAND METHODS

Isolation and identification of Uropathogens

Uropathogenid=scherichia coli were isolated from the mid stream urine samplesfUTI cases. Four hundred and
ninty eight samples were collected over a periodred year. UPEC strains were isolated and diffextstt using
selective cum differential media like Eosin MetmgeBlue Agar, Mac Conkey Agar, SS agar, XLD agaekoein
enteric agar and Hi Chrome UTI agar (Hi media, Mamindia). Isolates were identified by conventibmethods

[8].

Assessment of antibiotic sensitivity pattern of Uropathogenic Escherichia coli

All UPEC isolates (n=127) were subjected to antibisusceptibility test by disc diffusion mehod .[#ntibiotics
used in this study are Gentamycin (Gen), Ciprofbixg CF), Amikacin (Ak), Erythromycin (E), Co-trirxazole
(Co), Nalidixic acid (Na), Tetracycline (T), Cetiione (CZX), Cephalosporins (CE) and Cefpodoxinfe§

Multiplex PCR for the Identification of Multidrug Resistance | solates

All the available partial and full-length gene seqoes of resistance gene were determined accowaiSbaliniet
al., [10] protocol with some modification. The standgmimers forshv, ctx,, andtem were obtained from Sigma,
India and used for PCR amplification.

Amplification of virulence factorsfrom E.coli by multiplex PCR
Virulence genes like fimH, hlyA, kps, pap and cwfere detected by gene amplification method usindfiphex
PCR. Primer sequence used designed by Yamaehatq [11] and Johnson [12].

RAPD analysis[13]

RAPD profiles of the amplified DNA of the uropatheyc isolates were studied using ten OPA primeszsriteed
below 1.5 -TCC CAG CAGT-3;2.5-GTC GTC GTCT-335 -ACG GGA CCTG-3; 4 .5 -GTT AGT GCGG- 3;
5.5 -GTG GCC GATG- 3; 6. 5 -AGA GCG TACC- 3; 7-:6CT GGG TCAG- 3; 8. 5 -GGC GAG TGTG- 3; 9. 5-
CAATGCGTCT-3 and 10. BAGAAGCGATG-3. Each polymerase chain reaction migtwonsists of 2ul of
template DNA, 1ul of 1.6 micromolar solution of primer , 10 2 X PCR master mixes (Promega, USA) and made
up to 20ul with molecular grade water. Amplification was fogmed in a Bangalore Genei thermocycler.

Assessment of virulent features of Uropathogenic Escherichia coli

Assessment of virulent factors will provide theuratof pathogens and helps to take specific pramaito handle
the potent pathogens. Biofilm study and Beta laesemnproduction was assayed using the standard dsefihd,
15].

Plasmid profile of E.coli

Plasmid DNA was extracted by alkaline lysis metldglasmid preparation [16]. Extracted plasmids separated
gel electrophoresis using agarose gel of 0.8%deatify the number of plasmid copies present ifedint isolates
and the nfragments were stained with ethidium bdemand they were visualized by UV-Trans illuminatio
Standard DNA molecular weight markers were usedstonate the Plasmid size.

Plasmid curing

The tested multi-resistant isolates were cured ftiogir own plasmids by growing them in elevatedgenature at
43°C [17]. Thereafter, an appropriate dilution of @lteacterial cultures were spread on Muller Hintgaraplates
and incubated at 3. Five random single colonies were picked up astetl for their sensitivity against tested
antibiotic and PCR for determination of ESBL genes.

RESULTSAND DISCUSSION

Urine samples were collected from clinically evilerases of UTI.Escherichia coli were identified using
conventional microbiological methods. Among 49&arsamples 127 pure isolates of E. coli were dedettrinary
tract infection is one among the commonest infetimflammatory disease and responsible for maxa hbillion
hospital visits in India [1, 18, 19]. It affectsl @&lge groups across the lifespan [20]. Though waritactors
associated with the incidence of UTI, bacteria pdaynajor role [21]E. coli is one of the major predominant
pathogen of UTI. Our results are in line with thedfngs of Siedelmaet al.,[22], Walterset al., [23], Yamamichiet
al., [24], Acaryaet al., [21], Sharmaet al., [25].

All the 127 pureE. coli isolates were subjected to antibiotic sensitiasgay by disc diffusion method. Out of 127
isolates, maximum number of (n=123) organisms wesistant to erythromycin and cefpodoxime (96.%86h¢
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followed by gentamycin and amikacin (89.8%). Simjleother isolates were also resistant to multiplenbers of
antibiotics (Table 1). All the isolates were caesied as multiple drug resistant uropathogénicoli. Siedelmaret
al.,, [22] and Waltersst al., [23] reported that 76.5% of community acquired Uifections were due t&. coli.
Among them, 60.6% d&. coli were ESBL producers i.e.. multidrug resistantates.

Table 1-Antibioticsensitivity pattern of uropathognic E. coli (n=127)

S. No. Antibiotics Number of Resistant isolates | Resistant
1 Gentamycin (G) 114 89.8
2 Ciprofloxacin (C) 113 88.9
3 Amikacin (Ak) 114 89.8
4 Erythromycin (E) 123 96.9
5 Cotrimaxozole (Co) 090 70.9
6 Nalidixic Acid (NA) 090 70.9
7 Tetracycline (T) 118 92.9
8 Ceftriaxone (CZX) 104 81.8
9 Cefpodoxime (CPD 123 96.9
10 Cephalosporin (CE 084 66.1

Antibiotic resistance pattern of multidrug resistésolates revealed that all the 127 UPEC isol&iglsnged to
eleven different patterns of antibiotic resistaridene of the organisms were susceptible to alkthtéiotics tested
(Table 2).

Table 2- Antibiotic resistance pattern of E. coli isolates

S.

o

Resistance patterns
, CZX, CPD

A T, CZX CPD CE

A, T, CZX, CPD, C
A, T, CZX, CPD
,C
A

ZX, CPD, CE
T, CZX, CPD, CE
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Biofilm and B lactamase production ability is the major virulereterminant of uropathogens. Among the 11
isolates six isolates possess ESBL producing pi§ii8, E7, E8, E16, E33 and E64). Biofilm formatisrone of the
major virulence factors of urinary pathogens of pihesent study, except E1 and E32 all the othainstipossess
biofilm producing ability (Table 3). UPEC exhibitsultiple numbers of virulence factors. It facilgatcolonization

of E. coli in the bladder [26]. Virulence factors are respiolesfor the pathogenic potential Bf cali strains [27].
Our results were in line with the report given byarkoviaeet al., [28], who stated that almost 60% of isolates
produced two or three virulence factors and on8#@produced none of the virulence factors.

Table 3-Virulence features of UPEC isolates

S.No | Isolate name ESBL Biofilm
1. E1l Negative| Negative
2. E3 Positive Positive|
3. E7 Positive Positive|
4. E8 Positive Positive|
5. E13 Negative| Positive
6. E16 Positive Positive
7. E32 Negative| Negative
8. E33 Positive Positive
9. E64 Positive Positive]
10. E66 Negativel  Positive
11. E88 Negativel  Positive

Amplification of virulence genes by multiplex PCR

FimH gene represents Type 1 fimbriae, adhesive suksimtlarly kps represents CapsulpapC is a fimbrial gene
and hlyA is a Haemolysin toxin protein. All the related 28ilti drug resistan€&.coli were also subjected to
evaluation based on multiplex PCR targeting 5 vaywirulent genesfifnH, hlyA, kps, pap and cnf). The five
different sets of primers involved in the studyeaked the presence of three varying virulence gsuels as such as
fim, hly andkps among the isolates. Neap andcnf genes were identified on the isolates indicatireydahsence of
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these genotypes among the test isolates (Figu@ut)of the 23 strains, two strains shovipd gene, 15 strains had
fim H whereas 3 strains harbourétyA gene. This also indicated virulence gene in chrameas/ plasmid is
responsible for virulence.

Figure 1- Virulence genes of UPEC

1Py 456789 00N MIIINIE IS I6ITIS 19 20 I 22

Genomic DNA of 11 bacterial isolates was succeblsfamplified and the genomic DNA was subjected to
amplification randomly using ten different primenhich revealed different pattern. Cluster analysisRAPD
profile of the genomic DNA produced a specific pattof dendrogram. On evaluating genetic profilmgi€luster
method, it shows 6 clusters, there by confirmingagie variation among the isolates. Similarity irdg E. coli
population revealed that none of the isolates vi#@% similar with their genetic relatedness. Basadthese
pattern, six strains were selected for furthedgtuRAPD is a simple and widely used method fomistr
differentiation, since it does not require any sfie&nowledge of the DNA sequences in the targgiaoism [29].
Haryani et al., [30] found that 4 RAPD profiles among seven stddimterobacter cloacae. This study clearly
indicated that the place of survival and commusétup also responsible for the transfer of infertiagents. None
of the strains showed 100% similar RAPD pattern.

Figure 2- Dendrogram pattern of UPEC isolates derived from cluster analysis

Plasmid assessment revealed the presence of pasnadl the strains and the results were compastdantibiotic
resistance pattern. The highest antibiotic resi&asolates had a higher number of plasmid bamdthi$ study all
the isolates harboured plasmids. The strain E3aEBE64 harbored 2 plasmids bands, and remaininatés had
one plasmid The plasmid size ranges from 3530l@bowe 4973 bp (Figure 3).
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Figure 3 - Plasmid Profile 6f UPEC isolates

12 3 45 6 M

Antibiotic resistance of biasie.cmidduke dueutal sperific nreslihrRUTHFML, SEIHV, OXA, CTX Results of
amplification of a resistance gene revealed thd?# fene was found in E3, E7, E8 and E16. CtxM geas found
in all the isolates except E7 isolate. E8 and E®fates only having SHV gene, whereas none of thanism
showed the availability of OXA gene, which was atsadent in figure 2. The isolate E8 showed thretb#otic

resistance gene. CTx-gene was found in 5 isolates, TEM was found isdlaites. Bedeniet al., [31] reported
that TEM gene was detected in 28 % of the isol&eB/ gene in 74 % and CTX-M gene was detected in 2:5%
isolates. CTX — M was a major reason for antibiogisistance were reported by Lepeeti@l., [32] and Randalét

al., [33] from England , Titelmaet al., [34] from sweeden, Bourjiladt al., [35] from Morocco, Narcis@t al.,

[36] from Portugul, Chouchamt al., [37] from Tunisia and Akramat al., [38] from India.

Figure 4-Assessment of ESBL genesin UPEC isolates
1 2 3 4 56 M

CTXm(593bp
TEM(445bp

SHV(237bp

Lane 1-E3, Lane 2-E7, Lane 3-ES8, Lane 4-E16, Lane 5-E33, Lane-6-E64

Lane- M- 100bp DNA lader

Plasmids could be a reason for major drug resistanc in some bacterial drug resistance is borrleergenomic
DNA. In the present study, E33 isolate loses itdstance to gentamycin, ciprofloxacin, amikacinjtiemomycin,
cotrimaxozole, tetracycline and cephodaxime fro®36 20% of plasmid curing. Similarly E64 losesrisistance
from 100% to 50%, E3 90% to 20%; E8 80% to 20%.yMew resistance conversion was noted in the isotat
strain (50% to 20%). Antibiotic resistance of thecteria could be due to a specific genes like TEMY, OXA,
CTXwn. After plasmid curing, pure isolates were subjécter the amplification of resistance gene. Resolts
amplification of resistance gene revealed that rafrtbe resistance gene were found in all the UBE&Ins. It was
also indicated that all the isolates becomes ESRjative trait (Table 4 and 5). Plasmid is one efrtiost important
known mediators in facilitating the fast spreadigantibiotic resistance among bacteria [39]. Oesuit is in
agreement with the findings of Shalsital., [40] and Oppegaaret al., [41], as they have isolated single plasmid of
48.5 kb and 65 kb in MDR isolates lBfeudomonas aeruginosa and lactose-fermenting Coliform, respectively.
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This study clearly depicted that drug resistanad \d@rulence nature were due to the available pldsnplasmid is
cured using elevated temperature (45°C), whichltes$n loss of the plasmid. Fortina and Silva, ][4btained

curing of 14.3 kb plasmid in Lactobacillus helveticus strain ILC 54 at 45°C. The plasmid cured cellsdmee

sensitive to all previously resistant antibiotiaiich revealed that antibiotic resistance markeregevere located in
plasmid [43]. It is clear from Eliagt al., [44] that the elevated temperature has a remarleffdet on all antibiotic
resistance conferred by the bacterial isolates.

Table4Antibiotic resistance patterns of UPEC isolate after plasmid curing

S.No | Isolates | % of resstance Before Plasmid Curing | % of resistance after plasmid Curing
1 E3 80 20
2 E7 50 20
3 E8 80 20
4 E16 90 40
5 E33 90 20
6 E64 100 50
Table5 - Amplification of ESBL genes before and after Plasmid curing
S No | 1solate Before curing After curing
) TEM | SHV | OXA | CTXm | ESBL | TEM [ SHV | OXA | CTXm | ESBL
1 E3 + - - + + - - - - -
2 E7 + - +
3 ES + + + + -
4 E16 + + + - - - -
5 E33 - + +
6 E64 - + + + - - - -
CONCLUSION

E. coli is one of the most predominant pathogen of UTédtibn in patients of Namakkal district, Tamil Nadu
India. E. coli possess multiple virulent factors and were MDR-ES$Bthogens, which are difficult to treat. The
variation in antibiotic resistance pattern among tihopathogenic isolates was confirmed by the ttanan RAPD
pattern among the isolates. This genetic polymermhamong the isolates makes it difficult to choassommon
antibiuotic therapy for antibiotic for the bacteiisolates. Further studies on the identificatidrr@nserved region in
the virulence gene may help to design a common diigh may be able to compat the genetically polyphic
isolates. All theE. coli pathogens were isolated from multiple sources @ogbess variable number of plasmids,
which are transmitted between clones. Empiricaib@otic treatment becomes more difficult due to #mergence
of Multidrug resistance (MDR) among uropathogenierihate and modified strategy of antibiotic setatishould
be considered to overcome the problems of MDR.
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