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ARTICLE INFO ABSTRACT
Avrticle history: Sixty-five isolates were analyzed for virulence, antibiotic resistance and adherence genes by in silico tools.
Received on: 17/04/2017 Thirteen virulence genes were selected to classify Escherichia coli isolates. The most prevalent virulence gene
Accepted on: 28/06/2017 was shiga toxin, stx2 (13.85%). Out of the 65 isolates, 3 isolates were harbouring heat labile enterotoxin (LT1)
Available online: 30/11/2017 and isolate NC_017633 Escherichia coli ETEC H10407 and NC_017641 Escherichia coli UMNK 88 harboured
STl and STII genes, respectively, both of which were representative of ETEC. Six isolates were positive for vtl;
Key words: and none of the isolates had the vt2 gene. The intimin gene, eaeA was detected in seven isolates (10.77%). The
Adhesin genes, Antibiotic presence of Escherichia coli 0157 was confirmed by rfbE genes that were present in five isolates (7.69%).
resistance genes, Escherichia Among the 8 hlyA positive isolates, 5 were positive for both hlyA and eaeA genes that classified the isolates into
coli,Genotyping, PCR, typical EHEC. Two isolates (NC_013941 Escherichia coli O55:H7 str. CB9615 and NC_017656 Escherichia
PFGE, Virulence genes. coli O55:H7 str. RM12579) were classified as atypical EPEC as contained only eaeA gene and no bfpA gene.

Five isolates (7.69%) were positive for astA gene and four isolates (6.15%) had the aggR gene. So most
prevalent verotype was EHEC (11 isolates), followed by ETEC. No Enteroinvasive E. coli (EIEC) was found.
Eleven isolates (16.92%) had the sulfonamide resistance gene, sul2. The curli genes, csgA and crl were seen in
31 (47.69%) and 40 isolates (61.54%), respectively. Eleven isolates (16.92%) had the type 1 fimbriae and these
isolates were likely to form biofilm on abiotic surfaces. The sfa gene was detected in 5 isolates and hence these
isolates might be able to bind to receptors containing sialic acid residues. None of the isolates had the genes
papC which are required for colonization on uroepithelial cells. In silico pulsed-field gel electrophoresis (PFGE)
was able to group isolates into 25 genotypes. Genotype 8 was more virulent and contained only EHEC isolates.
Genotype 17 contained all antibiotic resistance genes except tetC, sul3 and catAl genes. Genotype 17 also
contained three adhesive genes. Virulence profile analyzed in this study helps to compare the genes with
previously published human pathogenic strains and verify possible genetic similarities and assess the
distribution of these genes based on genotypes. This study helps to select antibiotic for treatment and improve
the outcomes with severe bacterial infections based on genotyping.

INTRODUCTION contribute to life-threatening diseases in humans. Heat labile (LT)

People in the developing countries suffer from diarrheal and heat stable (ST) enterotoxins disrupt the balance of intestinal
fluid and cause hypersecretion of fluid and electrolytes (Hughs et
al., 1978; Moon 1978). Shiga toxin producing E. coli (STEC)
produced two toxins (Stx1 and Stx2) which were reported earlier by
Jafari et al. (2012). Enterohemorrhagic E coli (EHEC) strain
causing hemorrhagic colitis (HC) was reported by Nataro and

disease because of unsafe drinking water, poor sanitation
and hygiene practice. Virulence property of Escherichia coli may
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A new strain named Entero-Aggregative Haemorrhagic
E. coli (EAHEC) was identified by Wu et al. (2011) and
Brzuszkiewicz et al. (2011) that had the virulence property of
EAEC and produced stx2 but had no LEE pathogenic property. As
previously described by Croxen and Finlay (2010) and Johnson
and Nolkan (2009), EHEC contains enterocyte effacement locus
(LEE) like EPEC and produces attaching and effacing lesions
(A/E). Vila et al. (1998) demonstrated that EAST-1 is a heat stable
enterotoxin encoded by many other pathogens besides EAEC.
Mulvey et al. (1998) described that UPEC strain is responsible for
UTI (Urinary tract infection) infection with the expression of
broad-spectrum virulence factors. Adhesin gene helps them to
colonize not only to cells but also help them to form biofilms. He
et al. (2012) reported that biofilms might enhance their resistance
to environmental perturbations and help them to survive in harsh
conditions. Lopez-Banada et al. (2014) described that papC gene
is responsible for pyelonephritis. Other fimbriae that are associated
with adherence are type 1 fimbriae (fimA), S fimbriae (sfa), curli
fimbriae (csg) etc. (Mulvey, 2002; Antao et al., 2009; Johnson and
Stell, 2000). Anonymous (2004), Danmap (2004), Guerra et al.
(2003) and Lanz et al. (2003) reported that E. coli is mostly
resistant to tetracyclines, sulfonamides, streptomycin or
spectinomycin. Continuous evaluation of antibiotic resistance gene
prevents the emergence of multidrug-resistant strains.

These data help to predict virulence, antibiotic resistance
and adhesion genes of 65 E. coli isolates and identifies genes
responsible for E. coli infections. Identification of antibiotic
resistance genes also help to select effective antibiotic against E.
coli infections.

MATERIALS AND METHODS

Strains used
Isolates used in this study are summarized in Table 1.

Table 1: Name of the isolates.

Serial
Isolate name
number
1 NC_017910 Escherichia blattae DSM 4481
2 NC_011601 Escherichia coli 0127:H6 E2348/69
3 NC_017626 Escherichia coli 042
4 NC_008253 Escherichia coli 536
5 NC_011748 Escherichia coli 55989
6 NC_017631 Escherichia coli ABU 83972
7 NC_008563 Escherichia coli APEC O1
8 NC_020163 Escherichia coli APEC O78
9 NC_010468 Escherichia coli ATCC 8739
10 NC_012967 Escherichia coli B str. REL606
11 NC_012892 Escherichia coli BL21(DE3)
12 NC_012971 Escherichia coli BL21(DE3)
13 NC_012947 Escherichia coli BL21-Gold(DE3) pLysS AG
14 NC_012759 Escherichia coli BW2952
15 NC_004431 Escherichia coli CFT073
16 NC_017638 Escherichia coli DH1
17 NC_017625 Escherichia coli DH1
18 NC_009801 Escherichia coli E24377A
19 NC_011745 Escherichia coli ED1a

20 NC_020518 Escherichia coli ETEC H10407

21 NC_009800 Escherichia coli HS

22 NC_011741 Escherichia coli 1AI1

23 NC_011750 Escherichia coli 1AI39

24 NC_017628 Escherichia coli IHE3034

25 NC_022648 Escherichia coli JJ1886

26 NC_007779 Escherichia coli K-12 substr. W3110

27 NC_016902 Escherichia coli KO11FL

28 NC_017660 Escherichia coli KO11FL

29 NC_011993 Escherichia coli LF82

30 NC_022364 Escherichia coli LY180

31 NC_017644 Escherichia coli NA114

32 NC_013353 Escherichia coli 0103:H2 str. 12009

33 NC_018650 Escherichia coli 0104:H4 str. 2009EL-2050
34 NC_018661 Escherichia coli 0104:H4 str. 2009EL-2071
35 NC_018658 Escherichia coli 0104:H4 str. 2011C-3493
36 NC_013364 Escherichia coli O111:H- str. 11128

37 NC_002655 Escherichia coli 0157:H7 EDL933

38 NC_011353 Escherichia coli O157:H7 str. EC4115

39 NC_002695 Escherichia coli 0157:H7 str. Sakai

40 NC_013008 Escherichia coli 0157:H7 str. TW14359
41 NC_013361 Escherichia coli 026:H11 str. 11368

42 NC_013941 Escherichia coli O55:H7 str. CB9615

43 NC_017656 Escherichia coli O55:H7 str. RM12579
44 NC_017646 Escherichia coli O7:K1 str. CE10

45 NC_017634 Escherichia coli O83:H1 str. NRG 857C
46 NC_017663 Escherichia coli P12b

47 NC_022370 Escherichia coli PMV-1

48 NC_011742 Escherichia coli S88

49 NC_011415 Escherichia coli SE11

50 NC_013654 Escherichia coli SE15

51 NC_010498 Escherichia coli SMS-3-5

52 NC_017632 Escherichia coli UM146

53 NC_011751 Escherichia coli UMNO026

54 NC_017641 Escherichia coli UMNK88

55 NC_007946 Escherichia coli UT189

56 NC_017635 Escherichia coli W

57 NC_017664 Escherichia coli W

58 NC_017906 Escherichia coli Xuzhou21

59 NC_010473 Escherichia coli str. K-12 substr. DH10B
60 NC_020518 Escherichia coli str. K-12 substr. MDS42 DNA
61 NC_000913 Escherichia coli str. K-12 substr. MG1655
62 NC_000091 Escherichia coli str. K-12 substr. W3110
63 NC_017652 Escherichia coli str. clone D i14

64 NC_017651 Escherichia coli str. clone D i2

65 NC_011740 Escherichia fergusonii ATCC 35469

PCR primers
The primers used in the study are summarized in the
Tables 2, 3 and 4.

PCR amplification

An online basis software, http://insilico.ehu.eus/PCR/
was designed to perform in silico PCR amplification and
endonuclease digestion (San Millan et al., 2013; Bikandi et al.,
2004). PCR amplification was performed by selection of genome
and introduction of a primer; and resulting PCR product is
computed automatically with desired band size of a specific gene
(Bikandi et al., 2004).
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Table 2: Primers used for virulence gene detection.

Virulence factor Gene Primer Sequence (5’ to 3°) Amplicon size (bp) Reference

Verotoxin 1 vtl GAA GAG TCC GTG GGATTACG 130 Pollard et al.,1990
AGC GAT GCA GCT ATT AAT AA

Verotoxin 2 vt2 ACCGTTTTT CAG ATT TTGACA CAT A 298 Pollard et al., 1990
TAC ACA GGA GCA GTT TCA GAC AGT

Intimin eaeA CAC ACG AAT AAACTG ACT AAAAT G 376 Pollard et al.,1990
AAA AAC GCT GAC CCG CAC CTA AAT-

Heat labile toxin 1 LT1 TGGATTCATCATGCACCACAAGG 360 Pass et al., 2000
CCATTTCTCTTTTGCCTGCCATC

Heat stable toxin 1 STI TTTCCCCTCTTTTAGTCAGTCAACTG 160 Pass et al., 2000
GGCAGGATTACAACAAAGTTCACAG

Heat stable toxin 2 STII CCCCCTCTCTTTTGCACTTCTTTCC 423 Pass et al., 2000
TGCTCCAGCAGTACCATCTCTAACCC

Cytotoxic necrotizing factor  cnfl GGCGACAAATGCAGTATTGCTTGG 552 Pass et al., 2000

1 GACGTTGGTTGCGGTAATTTTGGG

Cytotoxic necrotizing factor ~ cnf2 GTGAGGCTCAACGAGATTATGCACTG 839 Pass et al., 2000

2 CCACGCTTCTTCTTCAGTTGTTCCTC

Hemolysin A hlyA AGCTGCAAGTGCGGGTCTG 569 Wang et al., 2002
TACGGGTTATGCCTGCAAGTTCAC

Perosaminesynthetase rfbE CTACAGGTGAAGGTGGAATGG 327 Wang et al., 2002
ATTCCTCTCTTTCCTCTGCGG

Invasion Plasmid Antigen ipaH TGG AAA AAC TCAGTGCCTCT 422 Luscher et al.,1994
CCAGTC CGT AAATTCATTCT

Enteroaggregative astA CCATCAACACAGTATATCCGA 111 Yamamoto and Nakazawa,

heat-stable enterotoxin GGT CGC GAG TGA CGG CTT TGT 1997

Bundle forming pilus bfpA GCCGCTTTATCCAACCTGGTA 326 Sohelet at., 1993
GCTGGAAAAACTCAGTGCCT

Transcriptional activator aggR GTATACACAAAAGAAGGAAGC 254 Ratchtrachenchai
ACAGAATCGTCAGCATCAGC etal., 1997

Shiga toxin 1 stx1 CGC TGAATG TCATTCGCTCTGC 302 Blanco et al., 2004
CGT GGT ATA GCT ACT GTC ACC

Shiga toxin 2 stx2 CTT CGG TAT CCT ATT CCC GG 516 Blanco et al., 2004

CTG CTG TGA CAG TGA CAA AAC GC

Table 3: Primers used for adhesin gene detection.

Adhesin gene Gene Primer Sequence (5’ to 3°) Amplicon size (bp) Reference

Typel fimbriae fimA CGACGCATCTTCCTCATTCTTCT 721 Nowrouzian et al.,
ATT GGT TCC GTT ATT CAG GGT TG 2001.

S fimbrial adhesion sfa CTC CGG AGA ACT GGG TGC ATC TTAC 410 Le Bouguenec et al.,
CGG AGG AGT AAT TAC AAA CCT GGC A 1992

Curlin Subunit Gene CSgA ACT CTG ACT TGACTATTACC 200 Maurer et al.,1998
AGA TGC AGT CTG GTC AAC

Curli Regulatory Gene crl TTTCGATTG TCT GGC TGT AT 250 Maurer et al., 1998
CTT CAG ATTCAGCGTCGTC

Pyelonephritis papC GAC GGC TGT ACT GCA GGG TGT GGC G 328 Le Bouguenec et al.,

associated pili C ATATCCTTT CTG CAG GGA TGC AAT A 1992

Table 4: Primers used for antibiotic resistance gene detection.

Antibiotic resistance gene Gene Primer Sequence (5’ to 3°) Amplicon size (bp) Reference
Streptomycin  resistance  strB ATCGTCAAGGGATTGAAACC 509 Madsen et al.,
gene GGATCGTAGAACATATTGGC 2000
Tetracycline resistance  tetA GGCGGTCTTCTTCATCATGC 502 Lanz et al., 2003
gene CGGCAGGCAGAGCAAGTAGA

Tetracycline resistance  tetB CATTAATAGGCGCATCGCTG 930 Lanz et al., 2003
gene TGAAGGTCATCGATAGCAGG

Tetracycline resistance  tetC GCTGTAGGCATAGGCTTGGT 888 Lanz et al., 2003
gene GCCGGAAGCGAGAAGAATCA

Sulfonamide resistance  sull GTGACGGTGTTCGGCATTCT 779 Lanz et al., 2003
gene TCCGAGAAGGTGATTGCGCT

Sulfonamide resistance  sul2 CGGCATCGTCAACATAACCT 721 Lanz et al., 2003
gene TGTGCGGATGAAGTCAGCTC

Sulfonamide resistance  sul3 GAGCAAGATTTTTGGAATCG 880 Perreten et al.,
gene CATCTGCAGCTAACCTAGGGCTTTGGA 2003
Chloramphenicol cmlA CCGCCACGGTGTTGTTGTTATC 699 Van et al., 2008
Resistance gene CACCTTGCCTGCCCATCATTAG

Chloramphenicol catAl AGTTGCTCAATGTACCTATAACC 547 Van et al., 2008

Resistance gene TTGTAATTCATTAAGCATTCTGCC
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PFGE digestion

In silico pulsed-field gel electrophoresis (PFGE)
digestion and construction of the dendrogram was done in the
website http://insilico.ehu.es/digest/. The enzyme used for the
digestion was Sgr Dland recognition sequence was CG'TCGA_CG
(San Millan et al., 2013; Bikandi et al., 2004).

RESULTS AND DISCUSSION

Fragments of different size were generated by SgrDI
digestion and separated by pulsed-field gel -electrophoresis
(PFGE). Dendrogram was constructed in the website. Sixty-five
Escherichia isolates were separated into 25 different groups at
50% similarity coefficient (Fig. 1).
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Fig. 1: Phylogenetic diversity of Escherichia coli identified by PFGE.
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Fig. 2: Prevalence of genotypes.

Genotype 20 was more prevalent (12.31%) followed by
genotype 1 (10.77%) and 12 (9.23%). Genotype 5, 7, 10, 11, 18,

19, 21, 22, 24 and 25 was present in low abundance containing
1.54% of the isolates (Fig. 2).

Distribution of virulence genes within genotypes

Lindenthal and Elsinghorst (2001) reported that watery
diarrhea of E. coli strain was caused by heat labile (LT) or heat
stable (ST) enterotoxin. Out of the 65 isolates tested for the LT1,
STI, STII, VT1 and VT2 enterotoxins, three isolates (Escherichia
coli E24377A, Escherichia coli ETEC H10407, Escherichia coli
UMNK®88) were found to possess LT1 enterotoxin and the gene
product was 360bp., and their percentage of prevalence was
4.62%. The gene product for STI toxin was 160bp while that for
STII toxin was 423bp. Isolates, Escherichia coli ETEC H10407
and Escherichia coli UMNK88, were positive for STI and STII
enterotoxin, respectively; and prevalence of STI and STII
enterotoxins were 1.54%. These were Enterotoxigenic E. coli
(ETEC) (Rajkhowa et al., 2009). Palaniappan et al. (2006)
reported that ETEC causes traveler’s and porcine and bovine
diarrhea. Isolate Escherichia coli ETEC H10407 harboured both
LT1 and STI enterotoxin and isolate Escherichia coli UMNK88
harboured both LT1 and STII enterotoxin. Verotoxin producing
E.coli, responsible for foodborne disease in the USA, Canada,
Japan and Europe, was reported by Griffin and Tauxe, 1991;
Nataro and Kaper, 1998. The 130 bp gene product of vtl was
found in 6 isolates, but no isolate harboured the vt2 gene, these
might be Enterohemorrhagic E. coli (EHEC). Genotypic
distribution of this genes found that isolate NC_017633
Escherichia coli ETEC H10407 present in genotype 18 harboured
both LT1 and STI enterotoxin (100%) (Fig. 3). Low prevalence of
LT1 enterotoxin was encountered in genotype 12 (16.67%). The
STII enterotoxin was present in genotype 17 and the prevalence
was 20%. Genotypic distribution of vtl gene found that
isolateNC_013353 Escherichia coli 0103:H2 str. 12009 present in
genotype 11and NC_013361 Escherichia coli O26:H11 str. 11368
and NC_013364 Escherichia coli O111: H- str. 11128 present in
genotype 14 harboured the vtl gene. The vtl gene was also present
in genotype 8 but the prevalence was 60%.
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Fig. 3: Genotypic distribution of heat labile, heat stable and verotoxin genes.

Shiga toxin producing E coli (STEC) produced two
major toxins (Stx1 and Stx2) that causes hemorrhagic colitis (HC)
and hemolytic uremic syndrome (HUS) (Karch et al., 2005;
Karmali et al., 2010). The 302 bp gene, stx1 was found in six
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isolates (9.32%) while 516 bp gene, stx2was observed in 9 isolates
(13.85%). Four isolates had both stx1 and stx2 gene. Six isolates
were identified to produce302 bp gene product for stx1 gene by in
silico PCR amplification which was also found to be positive for
vtl gene. Osek (2003) previously described that enteroaggregative
heat stable enterotoxin 1, (astA) was responsible for porcine
colibacillosis. Sarantuya et al. (2004) reported that two genes, astA
and aggR gene, differentiate Enteroaggregative E. coli (EAEC)
from other verotypes. The astA gene, encoding the toxin EASTL,
produce 11lbp gene product identified by in silico PCR
amplification and the prevalence was 7.69%. Out of five astA
positive isolates, three of them were positive for both astA and It1
gene. So only isolate Escherichia coli 042, Escherichia coli P12b
were the representative of Enteroaggregative E coli (EAEC).
Gallegos et al. (1993) and Nataro et al. (1994) reported that aggR
gene is the member of AraC/XylS family of bacterial
transcriptional activators. Four isolates (their no.) were found to be
positive for the aggR gene (6.15%). Only Escherichia coli 042
contained both astA and aggR gene. Enteroaggregative E.
coli (EAEC) causes persistent diarrhea in humans (Palaniappan et
al., 2006). Desmarchelier et al. (1998) described that rfbE gene
was used to detect E coli O157. The 327 bp gene product of the
rfbE gene was present in 5 isolates (7.69%). These five isolates
were also expressed eaeA gene. Figure 4 is representing the
genotypic distribution of shiga toxin, enteroaggregative heat stable
enterotoxin 1, rfbE gene and aggR gene. Genotypic distribution
shows that all the isolates present in genotype 11 harboured both
stx1 and stx2 genes (Fig. 4).
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Fig. 4: Genotypic distribution of shiga toxin, astA, rfbE and aggR genes.

The stx1 and stx2 genes were also present in genotype 8
but their prevalence was 60% and 100%, respectively. The stx1
and stx2 genes were also present in genotype 14 (100%) and 13
(75%). The astA gene was more abundant in genotype 18 and 22
(100%). The astA gene was also present in genotype 12,16 and 17
and low prevalence was encountered in genotype 12 (16.67%). All
isolates present in genotype 8 contained rfbE gene (100%).
Seventy five percent isolates present in genotype 13 harboured
aggR gene. The aggR gene was also present in genotype 16 and
fifty percent isolates present in genotype 16 harboured aggR gene.
Other important virulence factors include cytotoxic necrotizing
factor (cnfl and cnf2), hemolysin (hlyA), the product of eaeA gene,
intimin, and ipaH gene. Caprioli et al. (1983) reported that cnf

gene was responsible for neonatal enteritis. The cytotoxic
necrotizing factors, cnfl was found in two isolates (Escherichia
coli UM146 and Escherichia coli UTI89). No isolate was found to
be positive for cnf2. Ahmed et al. (2007) reported that cytotoxic
necrotizing factor (CNF)is responsible for urinary tract infection.
This is indicating that these were Uropathogenic E.coli (UPEC).
The hlyA gene was found in 8 isolates. The prevalence of hlyA
gene was 12.3%. The hlyA gene was present in both verotoxin and
shiga toxin producing E coli. So, these were representative of
Enterohemorrhagic E coli (EHEC). Schmidt et al. (1995, 1996)
reported that plasmid encoded enterohemolysin causes severe
clinical disease in humans. The eaeA gene is more commonly
associated with Enterohemorrhagic Escherichia coli (EHEC) and
Enteropathogenic Escherichia coli (EPEC). Jerse et al. (1990)
reported that eaeA gene is responsible for the attaching and
effacing lesions in human enterocytes. Seven isolates had the eaeA
gene and the percentage of prevalence was 10.77%. Among the
seven isolates, five was positive for both eaeA and rfbE as
mentioned earlier. These five eaeA positive isolates were also
positive for the hlyA gene. It can be concluded that these five
isolates were typical Enterohemorrhagic E. coli (EHEC) since they
contained both hlyA and eaeA gene (Hegde et al., 2012). Two
isolates had the eaeA gene only which means that these are
Enteropathogenic E. coli (EPEC). Palaniappan et al. (2006)
reported that EPEC is mainly responsible for diarrhea in children
and animals. The bfpA gene is also used for identification of
Enteropathogenic E coli (EPEC). No isolates harboured the bfpA
gene. Hegde et al. (2012) reported that E. coli harboured only
eaeA gene and no bfpA gene are classified as atypical EPEC. So,
these two isolates that harboured only eaeA genes were defined as
atypical EPEC. Kaper et al. (2004) demonstrated that recent
studies found more atypical EPEC strains. No invasion plasmid
antigen, ipaH gene was found which is the common trait of
Enteroinvasive E coli (EIEC). Palaniappan et al. (2006) also
published that EIEC and EAEC genes were found only in humans.
The cytotoxic necrotizing factor cnfl was present in only genotype
1 and the prevalence was 28.57% (Fig. 5).
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Fig. 5: Genotypic distribution of cytotoxic necrotizing factor, hemolysin,
intimin gene.

Genotypic distribution of hlyA gene showed that all
isolates present in genotype 8, 11 and genotype 14 harboured hlyA
gene (100%). All the isolates present in genotype 8 and 9 had the
eaeA gene.
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Distribution of antibiotic resistance gene within genotypes

Olowe et al. (2013) reported that tetracycline resistance
is acquired by energy dependent efflux pump system. Roberts
(1996) reported that protein synthesis of tetracycline gene is
inhibited by binding of aminoacyl-tRNA with the bacterial
ribosome. The tetracycline resistance gene A, tetA gene was
present in 9 of the 65 isolates and hence the overall prevalence of
this gene among the selected isolates was 13.85%. The tetB gene
was seen in 6 isolates and hence the prevalence is 9.23%. The tetC
gene was present in only 2 isolates (Escherichia coli APEC O1,
Escherichia coli 083:H1 str. NRG 857C) and the prevalence was
3.08%. Genotypic distribution of tetA and tetB gene was similar in
genotype 13, 14, 16 and 17 and their prevalence was 25%, 50%,
50% and 20%, respectively. The tetA gene was also present in
genotype 4 and their prevalence in genotype 4 was 50%. The tetC
gene was present in genotype 1 and 12 and their prevalence was
14.29% and 16.67%, respectively (Fig. 6).
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Fig. 6: Genotypic distribution of tetracycline resistance gene.

Ahmed et al. (2010) reported that chloramphenicol
acetyptransferase, catAl gene is responsible for plasmid mediated
resistance to chloramphenicol. Dorman and Foster (1982)
demonstrated that chloramphenicol resistance is acquired by
chloramphenicol acetyltransferase (CAT) enzymes that prevents
the binding of chloramphenicol to 50S ribosome. Shaw (1984) also
described that none of the catA genes has been shown to confer
resistance to florfenicol and no homology was observed between
CATs and Flo (florfenicol). Among the 65 isolates analyzed, six
(9.23%) isolates harboured a 547 bp amplicon for catAl gene.
Bissonnette et al. (1991) reported that chloramphenicol resistance
gene, cmlA gene is also responsible for chloramphenicol resistance
and confers resistance through non-enzymatic efflux pump. Bolton
et al. (1999) reported that amino acid sequence of cmlA and flo is
50% similar but cmlA resistance to florfenicol is not clear. Only
Escherichia coli UMNK88 was positive for the 699 bp PCR
amplicon for cmlA gene. Hence the prevalence was 1.54%. The
strB gene was present in 9 isolates and produced 509 bp PCR
product. So, the prevalence was 13.85%. Genotypic distribution
found that catAl gene was more prevalent in genotype 16 (100%)
(Fig. 7). Fifty percent of isolates present in genotype 4, 14 and 15
harboured catAl gene. Genotype 4 and 12 contained both strB and
catAl gene. The cmlA gene was present in only genotype 17.

Genotype 17 also harboured strB gene. Prevalence of strB gene in
genotype 4, 6 and 9 was 50%. Perrenten and Boerlin (2003) and
Skold (2001) reported that resistance to sulfonamide is acquired by
sull, sul2 and sul3 gene (sulfonamine resistane genes). The sull
gene was seen in 5 isolates and hence the prevalence was 7.69%.
The sul2 gene was present in 11 isolates and produced a 250 bp
PCR product. So, the prevalence was 16.92%. None of the isolates
were positive for sul3 gene. Figure 8 presented the genotypic
distribution of sulfonamide genes. The sull gene was more
prevalent in genotype 16 and low prevalence was encountered in
genotype 1. All the isolates present in genotype 16 harboured sull
gene. The prevalence of sul2 gene was more abundant in genotype
5. Genotypic distribution of sull and sul2 gene was similar in
genotype 1, 4 and 17 and their prevalence was 14.29%, 50% and
20%, respectively.
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Fig. 7: Genotypic distribution of streptomycin and chloramphenicol resistance
genes.
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Distribution of adhesin gene within genotypes

The curlin subunit gene, csgA gene was seen in 31 of the
isolates (47.68%) with a 200 bp gene product. The crl gene was
present in 40 isolates (61.54%). Hence a 250bp PCR product was
seen. According to Hammar et al. (1996), genes that are involved
in curli formation are encoded in csgBA operon and csgDEFG
operon. Chapman et al. (2002) reported that without csgB gene no
curli are assembled and unable to secrete csgA from the cell.
Arnqyist et al. (1992) found that RpoS (RNA polymerase, sigma
S) binds with csgBA promoter after interaction of crl with Rpo
Sand therefore crl is required in most strains for curli expression.
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The curli regulatory gene, crl gene has a more regulatory role and
¢sgA has a phenotypic role. Nine isolates had the crl gene but no
csgA gene indicating that though has the gene for curli formation
didn’t exhibit phenotypic properties. All the isolates present in
genotype 10, 11, 12, 13, 15, 17, 18, 19, 21 and 22 harboured both
csgA and crl genes (100%) (Fig. 9). Genotype 14 and 20 also
contained both csgA and crl genes. The prevalence of csgA and crl
genes in genotype 14 were 50% and 100%, respectively. The crl
genes were also present in genotype 8, 9 (100%) and lower
abundance was seen in genotype 23 (50%).
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Fig. 9: Genotypic distribution of csgA and crl genes.

The S fimbrial adhesion, sfa gene was present in 5
isolates. The prevalence was 7.69%. Isolates harbouring sfa gene
were also positive for two UPEC (uropathogenic Escherichia coli)
strains, Escherichia coli UM146 and Escherichia coli UTI89.
Morschhauser et al. (1990) reported that S fimbrial adhesion (sfa)
enable pathogenic Escherichia coli to bind to sialic acid containing
eukaryotic receptor molecules. Previous study reported that (Stain
et al., 1994) with the help of sfa Sadhesin, S fimbriated-E coli bind
to brain endothelial glycoproteins called NeuAc alpha 2,3-
galactose. This binding help the bacteria to penetrate blood brain
barrier and develop meningitis. So, this sfa containing isolates are
more likely to cause sepsis and meningitis. Type 1 fimbriae are
encoded by fim gene cluster (lida et al., 2001). Mitra et al. (2013)
described that it is an importance virulence factor in UTI (Urinary
tract infection) infection. The fimA gene was present in 11 of the
65 isolates and hence the overall prevalence of this gene among
the selected isolates was 16.92%. As previously described by
Blumer et al. (2005), this gene forms biofilm for cell surface
attachment which enables them to persist in the harsh
environment. Soto et al. (2007) reported that biofilm forming
strains demonstrates higher type 1 fimbriae expression. None of
the isolates had the pyelonephritis-associated pili C,papC gene.
Uhlin et al. (1985) demonstrated that Pap pili are associated with
pyelonephritis and is responsible for binding to digalactoside-
containing glycolipids on the uroepithelium. The type 1 fimbriae,
fimA gene was more prevalent in genotype 17 (Fig. 10). Eighty
percent isolates present in genotype 17 harboured fimA gene. The
prevalence of fimA gene in genotype 20 was 62.5%. The fimA gene
had low abundance in genotype 14 and 16 (50%) and rest of the

genotypes harboured no fimA gene. The sfa gene was present in
only genotype 1 (57.14%) and 3 (50%).
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Fig. 10: Genotypic distribution of fimA and sfa genes.

CONCLUSION

The most prevalent virulence factor was the shiga toxin
producing gene, stx2 (13.85%). Among the 65 isolates analyzed,
the most prevalent verotype was EHEC (11 isolates) followed by
ETEC (3 isolates). Five isolates were classified as typical EHEC
since they harboured both hlyA and eaeA gene and two isolates
were classified as atypical EPEC since they carried only eaeA
gene. Genotypic distribution showed that genotype 8 was the most
virulent where it harbours 6 virulent genes that defined in EHEC.
This study showed that the most prevalent antibiotic resistance
gene was sulfonamide resistance gene, sul2 (16.92%). Genotype
17 contained all antibiotic resistance genes, except tetC, sul3 and
catAl gene. Genotype 4 contained 5 antibiotic resistance genes.
The crl gene was the most prevalent adhesive gene. Genotype 17
contained three adhesive genes. Adequate hygiene practice should
be implemented strictly to control E coli contaminations. Adequate
heat and temperature should also be maintained for the production
of dairy products.
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