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Polymerase chain reaction (PCR) was carried out for the detection of these virulence genes
using gene-specific primers. Each reaction was performed in a final volume of Z@OMaining
12.5 pL of PCR master mix, 1 pL each of forward and reverse primers, 2 pul of template DNA,
and 8.5 pL of nuclease-free water. Amplification was carried out in a thermal cycler under

optimized cycling conditions (Table.3).

Table.3 PCR protocol for detection of virulent genes ;v\ Q_ . Co

Step Stx1 Stx2 aer eaed | TraT
name/gene A
targeted
Initial 94°C 94°C 94°C 94°C
elEb e 10 min 10 min B, 1 min 5 min 5 min 10 min
Denaturation 94°C 94°C ’ ‘3 4 94°C 94°C 94°C 95°C
30sec | 30830 lmm 30 sec 30 sec 2 min
Annealing o 5’ OOC 63°C 51°C | 54°C 35
" 45860 45 séc 30 sec 30 sec 40 sec 1 min
EXte“S'iQ?;:':"‘*4’“: AN OC T 70C 70°C 72°C 72°C 72°C
f:;9(5;;ec 90 sec 90 sec 30 sec 45 sec I min
Final exténsi;)n 12°C 72°C (25 12°C 72°C 70°C
10 min 10 min 5 min 7 min 10 min 10 min
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Sequencing and phylogenetic analysis of virulent E.coli isolates

Nucleic acid sequence determination was carried out by the Sequencing Service, Genomic,
Pune, Pvt. Ltd India with the same primers that were used for amplification. Sequences were edited
and aligned by using Emboss Merger Website and global sequence comparisons were performed
by using basic local alignment search tool (BLAST) hosted by the Natyrii(”)‘rlyégl‘;;_‘Center for

Biotechnology Information (NCBI).

"hoqd Thethod and

d by using the MaXImulekl
Kimurd 2-parameter mogel (Kimura M. 1980). Evolutionary aﬂély‘y"-Ses;y\;ére conducted in MEGAT1

Results and Discussion

The evolutionary history

gof 27 from clinical and 173 from subclinical

cases, 36 samples (18%) were found t Jbe positive for E. coli. Among these positive samples, 23

(11.5%) were obtainegif‘\éfromz'c ,s‘yhile"‘l?a (06.50%) originated from buffaloes. Presumptive E.

coli colonies, showed

‘cteri_Stlc pink coloration, which were further sub-cultured onto eosin

methyleng_blﬁ' EMB) agar and HiCrome E.coli agar. On EMB agar, distinctive metallic green

sheen colonies was observed while on HiCrome E.coli agar bluish colour colonies were recorded,

Colowtan T

indicaﬁye of | 1 coli. On gram staining, all rihowed gram negative coccobacilli rods. The isolates

were further confirmed on the basis of biochemical tests. Isolates showed positive reactions for

/the*iﬁdb‘lég{dimethyl red test, indicated by the development of a red colour. In contrast, the isolates

~

were negative for the Voges-Proskauer and Citrate utilization tests, showing no colour change,

yowd
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corresponding to an IMViC pattern of ++— —. Furthermore, in the triple sugar iron (TSI) agar test,

©as.. ) -

All isolates (n=36) that were presumptively identified as E. coli based on cultural and

the isolates produced a yellow slant and butt without the formation of hydrogen sulfide or

biochemical characteristics were further subjected to molecular characterization using polymerase
chain reaction (PCR) targeting the E. coli—-species specific 16S rRNA gene. Ampliﬁ‘cation of the

16S rRNA gene was detected in all 36 isolates, thereby confirming their id’ént‘ityy';és E coli and

indicating that each isolate harbored the E. coli-specific 16S rRNA gene‘“(Fig: 1).

g 0se gel eiectrophoresis showing amplification of /68 rRNA gene of

E.coli - 401 bp

% - L-‘V»L‘a&der
Lageil, 2,3,4, 5 and 6 - Positive samples ” Q\ (%

Lane 7- Negative control V_,S“‘\A\
P
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Earlier studies conducted by Dpw/;dar et al. (2023) and Parveenef al. (2021) have similarly
Y’ L

confirmed the presence of the 16S rRNA gene in E. coli isolates obtained from cows and various

biological samples.

The molecular analysis of 36 E. coli isolates revealed a selective distribution of virulence
genes. Among the six genes investigated, only Stx2, TraTl, and eaedA were detc;gted, while Stx1,

aer, and hly were absent in all isolates (Fig. 2,3,4).

A ‘;érosc,n ¢l electrophoresis showing amplification of
Stx2 gene - 118 bp

adder
Lane 1,2, 3, 4, and 5 — Positive samples
Lane 6 — Negative control
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Ty, F ig”;"zi‘Agarose gel electrophoresis showing amplification of

Fig. 3 Agarose gel electrophoresis showing amp

liﬁciyi:t:ion_of
eaeA gene - 248 bp N o

L — Ladder

Lane 1, 2, 3, 4, and S — Positive samples
Lane 6 — Negative control

Ll 2 3.4 5

TraT gene - 307 bp -

" \;L_ Ladder

Lane 1, 2, 3, 4, 5 and 6 — Positive samples
Lane 7 — Negative control
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The Stx2 gene was the most prevalen

(19.44%) (Table. 4).

Table.4 Distribution of virulent genes in E.coli isolates

t (58.33%), followed by TraT (41.66%) and eaf/

-

Sr. No Virulent Total samples | +Ve Samples | Prevalence
genes

1 Stx1 36
2 _/s2 36
3 \/eﬂeA 36
4 \/T ral 36
5 aer 36
6 hly

major pathogenic mechanism in the

though variations have beennob‘serve\d?iqfr;yother“ étudiw et al.,2015; Seyd

solates, consistent with

e

Pl

earliet reports (Younis ef al., 2021),

The presence’*éf eaed suggests the ability of certain isolates to adhere to host epithelial

cells, while TrciT ‘,indi'ic*a/’t:e enhanced survival through serum resistance. Together, these genes

contﬁbuté%tggbio iZat‘iqriyfand immune evasion. The absence of aer and hly indicates that iron

acquisition an ‘her‘hyfv’)‘l"ytic activity may not p

Variabiﬁ'tyiifn Sfifirulence mechanisms (Seyda et al., 2014).

a significant role in the studied isolates, reflecting

Analysis of virulence gene combinations showed that S*ti27f/aT was the most predominant

-

profile (22.22%), followed by Stx2~eaeA and Tra

st

Pk

T4%aeA (Table. 5).

Table.5 Gene combination profiles of virulent genes in E.coli isolates
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Total sa Gene combination | No of isolates Prevalence

Stx2 - eaed 03 8.33% VK
/erz/-/ TraT 08 2222% T/
]
TraT - eaed 02 5.55% f\/
N E,

These combinations suggest a synergistic interaction between toxm pfé’ductmﬁ;é:dhesion,

36

and immune evasion, enhancing the pathogenic potential of the iselaté szlar ﬁndiﬁgs indicate

that virulence in E. coli is determined by the combined ygffeétgf iﬁultiﬁie«‘fgyénes rather than

individual factors (Fernandes ez al., 2011).

Overall, the study demonstrates that E. colif«isqlates'éSsgéféted with bovine mastitis possess

diverse virulence profiles, with Stx2 pla: ng a key role. The variability in gene distribution

‘and the need :{or continuous molecular
W M

o Mt

lof y net1c tree the SQ4647 sequence formed a sep ?clade dxstmct
1

highlights the multifactorial nature Gp hdg@ ici

~o

surveillance.

In the constructed pt

from the cluster of other referencei sequences. The sequences MG817335.1, MG817336.1, VMM

MG197876.1, MG966417.], MG736060.1, and MG952583.1 showed closer \8(/’

evolutteﬁéry -el ;sh1p§ among themselves and grouped within the same major lineage, ?OV .
1ndlcat1né greater geﬁetw similarity. The formation of an mdependent cla«e by SQ4647 1568 \’5"[\\(\
rRNA) suggeéts that this sequence has significant genetic differences comparéﬂ"fo’mr ‘ ‘((

sequences. This divergence may reflect variations in the sequence, evolutionary changes, or C\’U\J‘/\

-—
possible strain differences within the studied gene region.(Fig 5) 3 —

e 7 g ae

Fig. 5 Phylogenetic analysis of virulent E.coli isolates )‘aj“

42 \KSW R\& cva
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’J MGB817335.1 Escherichia coli strain OHRCMR 1 16S ribosomal RNA gene partial sequence
96

|
| MG817336.1 Escherichia coli strain OHRCMR2 16S ribosomal RNA gene partial sequence

MF197876.1 Escherichia coli strain FS7 16S nbosomal RNA gene partial sequence

MF043881.1 Escherichia coli strain TF1 16S ribosomal RNA gene partial sequence < W?

SQ4647 165rRNA

— MG966417.1 Escherichia coli strain AS1 16S ribosomal RNA gene partial sequence \V\M\/V\

—— MG736060.1 Escherichia coli strain DL1501 16S ribosomal RNA gene partial sequence W

L—————' MG952583.1 Escherichia coli strain V1 16S ribosomal RNA gene partial sequence V\%D

- \W
| £ o rd?
F Wk

Overall, the phylogenetié""‘ana]&[‘sis Céhgw"fs’ that SQ4647 represents a genetically distinct

B
1

o —

[

o
&

|
1
| |
|
|
%
i

',',;sequeﬁées in the study. This highlights potential evolutionary

divergence within the \ydataséit.vSL“iCﬁ divergence can help us understand genetic variability,

ble functional differences among the E. coli oli sequences ana lyzed in

%@QJ@M

evolutionary;hiis;t‘ory, andp

this study;Q .

Conclusion

The present study demonstrated that E. coli isolates recovered from bovine mastitis cases carried
selected virulence-associated genes with variable distribution patterns. Among the six genes
investigated, Stx2 was the most frequently detected, followed by TraT and eaed, while Stx1, aer
and hly were not detected. The presence of Stx2 suggests the occurrence of toxin-associated
virulence potential in a proportion of isolates, while detection of 7raT and eaeA indicates
possible involvement of serum resistance and adhesion-related mechanisms. The most frequent
gene combination was Stx2—Tra7, followed by Stx2—eaeA and TraT-eaeA. These findings
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support the view that mastitis-associated E. coli may possess multiple virulence determinants,
although pathogenic expression and clinical relevance require further confirmation. Molecular
screening of virulence genes can support epidemiological understanding of bovine mastitis and
may help guide future surveillance and control strategies.

Limitation

This study was limited to 36 E. coli isolates recovered from 200 mastitic milk samples from
Western Maharashtra. Only six virulence-associated genes were screened, and gene expression
or toxin production was not evaluated. Negative PCR results should be mterpreted with caution
unless supported by appropriate positive controls. The phylogenetic analysis was based on
limited 16S rRNA sequence information and may not provide sufficient strain- level resolutlon
Antimicrobial resistance profiling, serotyping, whole-genome analysis, and chmcal outcome
correlation were not included. Future studies should use larger sample suzes Valldated controls,
broader virulence panels, and sequence-based strain chalactenzatlon L :
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Original Research Article

MOLECULAR CHARACTERIZATION OF VIRULENCE GENES IN E. COLI
ISOLATES FROM BOVINE MASTITIS CASES

Abstract

The pathogenicity of Escherichia coli associated with bovine masfifis 1spr1mar11y géVGrned
by the presence of specific virulence genes. The present study wasundertaken itg;invéstigate the
distribution and combinations of virulence determinants in Ecolz ‘i"éb"lalt/é;s:gecoiiered from mastitic
milk samples. A total of 36 E. coli isolates, conﬁrmedbyl6SrRNA gehe amplification, were
analyzed for six virulence-associated genes (Stx], StxZ T mT eaeA aer and Aly) using polymerase
chain reaction (PCR). Among the tested genes thréé‘ﬁ{;iirﬁlence déterminants (Stx2, TraT, and eaeA)

were detected, whereas Stx1, aer, and hly were absent The Stx2 gene was the most predominant,

detected in 58.33% of isolates, fo iowed by TraT (41 66%) and eaed (19.44%). The absence of
Six1 suggests a dom;nagce of StxZ-medlated pathogenicity. Analysis of virulence gene

combinations revealé&‘fh&}t;St)&Q}_Tf&T'was the most frequent profile (22.22%), followed by Stx2—

eaeA and T ral* ~eaeA combmatmns The findings indicate that E. coli isolates from bovine mastitis
harborymiih%ifpl;e;,:yivirp‘ﬂéng;dcterminants contributing to adhesion, toxin production, and immune
eve‘isig)n.‘ Thep dommance of Stx2 and its association with other virulence genes highlights the
potentigi"ipaﬂlégenic risk of these isolates. This study provide; valuable insights into the virulence
gene profile of mastitis-associated E. coli, which is essential for understanding disease
pathogenesis and developing targeted control strategies. Further phylogenetic analysis of the

virulent isolate revealed genetic divergence among the isolates, with sequence of virulent isolate

SQ4647 forming a distinct lineage
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Introduction

Bovine mastitis is a multifactorial disease significantly affecj@iﬁg;__déiry»;gfgduction

worldwide. Among the causative agents, E.coli is recognized as a ma;’;qf ényimnrriéhtal pathogen

responsible for both clinical and subclinical mastigjs (Azevedo et al., 2{};}5) The severity and
outcome of infection largely depend on the virulence chara:éte;isticsﬂbf.tﬁg infecting strain rather

than mere presence of the organism. Virulence in E. cék:is :mgd'iﬁéitegi;by a diverse array of genes

/

ammary gland, evade host immune Zi‘éspe‘ﬁseé;‘*iagdif?’callse tissue damage. Among these, Shiga

toxin genes (Stx/ and Stx2) intimiri'f,(‘eéeA)’,ﬁs; rum resista > (TraT), aerobactin (aer), and

DK
solate and determine its pathogenic

potential. Despifé ;,‘everé‘iﬁstlid'i"és on mastitis, limited information is available on the distribution

combination of these g’éngs?deﬁne the virulence profile of a1

Théfefgre, ‘the ﬁ%esent study aimed to detect and characterize key virulence genes and their

combinations in E. coli isolates.

Material and Methods
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Collection of Mastitis milk samples

a
For the present study, total 200 mastitis milk samples %lee&eé frem different-speeies
N W e Osllecte X
including Cow (157 no.) and buffaloes (43 no. )m&k—saﬁﬂrp}es from various dairy farms across
Western Maharashtra from clinical and subclinical cases.Among cattle, 24 (7.07%) milk samples,

were from clinical mastitis cases and 133 (39.23%) from subclinical mastitis. In contrast, 03

(3.09%) milk sample of buffalo were from clinical mastitis, while 40 (41.23%) ‘ﬁ}é‘re;}'dgmiﬁed

M

from subclinical mastitis 8: Milk samples from subclinical cases wefé ?coiﬂl”ectedjfﬁy screening
C : ;
after California Mastitis ly CMT-positive milk samples ‘were - selected for further

processing. The foremilk was discarded, and apmelma:tely';S-é;a ml Of:mllk from the infected

quarter(s) was aseptically collected into sterile glass vials ‘},iknﬁdupllcatéi,ﬁlabeled appropriately, and

transported in an ice box with ice packs to thelab | y for immediate processing. The samples

were stored in a refrigerator at 4°C until fu er analysis, which was conducted within 48 hours.

Isolation and Identification of Ecolt |

Initially, a loopful’ 200 inastitic" milk samples were inoculated separately into a test tubei

containing 3 ml of sterﬂe nutrlent broth and incubated at 37 °C for 12 hours. Following incubation,

x> T
ed onto the MacConkey agar,and incubated at 37°C for 24—48 hours.

N

_\wlomes of E.coli showing pink colgur were then streaked onto Eosin

\ptes

Methylene Blue (EMB) agar and Hicrome E.coli aga '\ncubated overnight at 37°C. All isolates

the cultures y\{e '~sub-c’u‘

obtamed Were furthel identified by Gram’s staining and biochemical test. w A)

Molecular Detection of Virulent Genes w \ WM
e

Genomic DNA Extraction @/vvx W
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E. coli isolates recovered from bovine mastitis milk samples were further processed for

genomic DNA extraction @,\ enBon W ABN D‘\y\ QB}@‘/Q""‘ W)

Genomic DNA was extracted from overnight E.coli cultures using the phenol—chloroform
method. Briefly, bacterial cells were pelleted by centrifugation and lysed using lysis buffer
containing SDS and proteinase K. An equal volume of phenol: chicroforrn;liso&g;yl alcohol

(25:24:1) was added, mixed, and centrifuged to separate phases. The aquefgu%‘iphaéé1wasg;§qllected,

purified with chloroform: isoamyl alcohol, and DNA was precipitate ing cold ethanol and

sodium acetate. The DNA pellet was washed wit /70% ethangl, au'—drledand dissolved in

nuclease-free water for further use. Species-specific 16S rRNA gene a}ﬁﬁﬁfﬁcaﬁon PCR was done

for molecular confirmation of E.coli etal., 2002): ThePCRreactlons were performed in a
total volume of 2@n 0.2 ml PCR tubes. The “CR‘:procesé was conducted using a Proflex PCR

system (Applied Biosystems), following “;’:%he;»Stahaardi‘ied cycling conditions using specific

primers mentioned in table no 1 Isolates conﬁrmed for 16STRNA were further subjected to

virulence gene analysis. L B MM\Q

g rRNA of E. colt

Prlmer name ‘?Nucleotide sequence

168 rRNA / RCCCCCTGGACGAAGACTGAC 401
16S rRNA -R/ACCGCTGGCAACAAAGGATA
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Six virulence-associated genes representing major pathogenic mechanisms were selected,

including toxin genes (Stx/ and Stx2), adhesion gene (eaeA), serum resistance gene (7ral), iron

acquisition gene (aer), and hemolysin gene (4ly) (Table.1). These genes were chosen based on

their established roles in pathogenicity, such as toxin production, host cell adhesion, immune

evasion, and survival within the host. PCR was performed to detect these genes using specific

primers, as shown in Table 2

SR

)quence of primers used for the detection of virulent genes in E.coli s

Sr. | Gene

Oligonucleotide sequence (5’ to 3°) Amﬁlicoﬁ’ T Reference )
No. - £ // o
Size (b -
N\ e (bp) v
F; ATGCTTAGTGCTGGTTTAGG K/B(siaohnson et
| eaed—] | - \p al. (2011)
P R; SCCTTCATCATTTCGCTTTC
6 ATGGCTGAACCGTGGTTATG yﬁnen et dl,
TraT : F A 307 %
2 ACACQGGTCTGGTATTTATGC (2002)
F: TACCGGATTGTCATATGCAGACCGT « Olieira et al.
aer ; o - 602 BR (2011)
3 R: AATATCTTCCTCCAGTCCGGAGAAG
| F: AACAAGGATAAGCACTGTTCTGGCT R: Wnis et al.
) Py | ACCATATAAGCGGTCATTCCCGTCA ”77\9{’ 021)
o
F: ACACTGGATGATCTCAGTGG  Mewyen et
| 333 E‘Q (2011)
R: CTGAAATCCCCCTCCATTATG- //
F: CCATGACAACGGACAGCAGTT 1 Nguyen ef al
Stx2 11 8b¥ 2011)
6 R: CCTGTCAACTGAGCAGCACTTTG





