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Abstract

Mastitis is a major disease of dairy animals characterized by severe damage to the lactiferous ducts and
mammary alveoli, edema, and infiltration of PMN cells, resulting in partial or complete loss of milk
production. Escherichia coli is one of the most important environmental pathogens that causes clinical
mastitis. This study aimed to investigate the prevalence of mastitis caused by E. coli, the major
environmental pathogen. The dairy cows were screened for the presence of mastitis by physical
examination of the mammary gland and the California mastitis test in order to rule out the status of
intramammary infection. The E. coli was isolated from the raw cow milk samples collected from 180
cows from clinical cases of mastitis presented at RVP, cattle and buffalo farm, ICAR-IVRI, Bareilly. E.
coli was isolated on various selective agar media. Bacterial genomic DNA extraction was extracted and
molecular detection was done by PCR. The overall prevalence of E. coli was 34.44%. Out of the total
mastitis positive samples, 37.10% were clinical, and 62.90% were subclinical. The E. coli isolates were
tested for extended-spectrum f-lactamase production by the combined disc method, and the prevalence
of ESBL-producing E. coli was found to be 23.53% of the total E. coli isolates. The E. coli isolates
were tested for their susceptibility against 17 antibiotics by the disk diffusion method. Antibiogram
analysis revealed the highest resistance towards Ampicillin, Amoxicillin/clavulanic acid, and
clindamycin (100%), followed by Enerofloxacin, Cefoperazone, Cefepime, Ceftazidime (85.7%),
Tetracycline (71.4%), and Ceftriaxone (57.2%). The high prevalence of multidrug-resistant E. coli
isolates underscores a critical public health risk for consumers, necessitating rigorous surveillance and
monitoring programs to mitigate the spread of antimicrobial resistance within the dairy industry.
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1. Introduction

As illustrated in a 100-year review by Ruegg in the Journal of Dairy Science, mastitis is an
inflammatory reaction of the mammary gland, provoked by invading pathogens and their
rapid multiplication inside the mammary gland. It remained a major disease of the dairy
animals (Stevens et al., 2016; Ruegg, 2017) B¢, It is characterized by severe damage to the
lactiferous ducts and mammary alveoli, edema, and infiltration of PMN cells, resulting in
partial or complete loss of milk production (Lai et al., 2017) . It is a serious issue for
animal welfare as it causes severe discomfort, pain, a change in behaviour, and hampers the
well-being of the affected livestock. Moreover, it also affects human health because of its
zoonotic association. It is counted amongst the costliest diseases of milch animals, as it
accounts 38% of the overall cost attributed by the major production diseases of dairy animals
(Wenz et al., 2006) 2. Despite extensive studies and advances in understanding the
pathogenesis of mastitis, it has remained a major concern in the dairy industry worldwide.
Among the various etiological agents of mastitis, Escherichia coli is one of the most
important environmental pathogens that causes clinical mastitis (Blum 2014) P,
Approximately 80 percent of the intramammary infections induced by E. coli result in
clinical mastitis, and 8-10 percent are per-acute in nature (Verbeke et al. 2014) ®°. Once
established, it did not respond well to the conventional antimicrobial therapy. Endotoxins
produced by the bacteria destroy the cell membrane and damage the mammary tissue.
Amongst the reported cases of mastitis caused by E. coli, a large proportion showed
moderate clinical signs. However, around 10% of the cases result in severe clinical signs and
even lead to the death of the cow. Bovine mastitis Caused by E. coli remained a topic of
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concern in many countries despite  considerable
improvements in management and housing practices.
Currently, broad-spectrum antibiotics are being used
(systemically or intramammary) in India and other countries
for treatment and control of E. coli mastitis. In the field, the
cases of clinical mastitis are being treated based on the
symptoms or manifestations of inflammation and not
etiology. Various studies over the past 10 years concluded
that E. coli mastitis is difficult to treat because of its
omnipresent nature, easy spread, and rapidly developing
antibiotic resistance (Dahmen et al., 2013) Y. Moreover,
many recent studies have reported the emergence of highly
multidrug-resistant strains of E. coli isolated from dairy
animals from many countries (Seni et al., 2016) B2, Cost of
antibiotics, emergence of drug resistance, and risk of drug
residues in milk and meat have pressured the dairy industry
to minimize the overall use of antibiotics.

2. Materials and Methods

2.1 Experimental animals

The study was conducted on 180 lactating cows presented at
RVP and cattle and buffalo farm ICAR-IVRI, lzatnagar,
Bareilly. The lactating cows were screened for the presence
of mastitis by physical examination of the mammary gland
as per the methods given by Schalm et al. (1971) BY and
California mastitis test (CMT) in order to rule out the status
of intramammary infection. The milk samples showing
positive results, specifically showing score 3(++) or score 4
(+++) were collected for bacterial isolation.

2.2 Collection of milk samples
The samples were collected as per the guidelines given by
the National Mastitis Council.

2.3 Isolation and identification of E. coli

Milk samples were inoculated in 1 ml MacConkey broth and
incubated at 37 °C for 24 hr (Cruickshank, 1962) 0. A
loopful from positive tubes was streaked on MacConkey
agar and incubated at 37 °C for 24 hr; pink colonies
indicated lactose fermenters. Three to five colonies were
transferred to LB broth and incubated overnight, then
streaked on EMB agar (Cruickshanketal., 1975) [l
Colonies showing a metallic sheen on EMB confirmed
E. coli, which were then subjected to biochemical tests.
Approximately 10 pl of the collected sample was inoculated
in 1 ml of MacConkey broth. Gram’s staining was done for
the identification of Gram-negative bacteria. The
biochemical characterization of E. coli was performed by
using HiMotility™ and HilM\/iC™ Bicchemical (it

2.4 Molecular detection of E. coli

Isolation of genomic DNA from the isolated e. coli
samples

Bacterial genomic DNA was extracted as per the protocol
described by Reischl et al. (2002) ©1 with a few
modifications. Single E. coli colonies from EMB agar were
cultured in LB broth for 24 hours at 37 °C under constant
agitation (150 rpm). Aliquots of 1 ml were harvested by
centrifugation at 8500 rpm for 5 min, followed by multiple
washes of the resultant pellet with nuclease-free water
(NFW). Genomic DNA was extracted via thermal lysis in a
boiling water bath for 15 minutes, followed by rapid chilling
on ice and a final centrifugation to recover the DNA-rich
supernatant. The crude extract was subsequently stored at -
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20 °C for use as a template in downstream amplification
reactions. DNA concentration and purity were assessed
spectrophotometrically by loading 1 ul of the sample onto
the pedestal of a NanoDrop (or micro-volume
spectrophotometer).

2.5 PCR protocol

Species-specific primer sequence as given by Riffon et al.
(2001) 21 was used for amplification of 16 S rRNA gene of
the E. coli isolates. The details of the primer used in the
study are given in Table 1. The PCR reaction mixture
composition and cycling parameters have been given in
Tables 2 and 3, respectively. The amplified DNA products
were visualized by electrophoresis of 10 ul of PCR product
in 1% agarose gel containing ethidium bromide (0.5 pg/ml).

2.6 Agarose gel electrophoresis

The quality of the DNA samples thus extracted was
analysed by means of Agarose gel electrophoresis, and the
gel was examined in the gel documentation system under
UV illumination. The PCR product was determined by
comparing with a standard molecular weight DNA ladder
and was photographed by the gel documentation system.

2.7 Detection of ESBL producing bacteria

The isolates were tested for Extended Spectrum B-lactamase
production by combined disc method as described by CLSI,
2015. In this test, two antibiotics (ceftazidime (30ug) and
cefotaxime (30pg)) were used simultaneously, one with 3™
generation antibiotic alone and in another, a combination of
the same antibiotic with clavulanic acid. The objective is to
see the inhibitory effect of clavulanic acid against beta-
lactamase enzyme produced by the isolates.

2.8 Antibiotic sensitivity test

The antimicrobial sensitivity profiles of E. coli were
determined by disc diffusion method (CLSI, 2019). A total
of 17 antimicrobial agents (Ceftrioxzone, Gentamicin,
Amoxicillin/clavulanic acid, Ampicillin, Co-trimoxazole,
Colistin, Piperacillin/Tazobactum, Enrofloxacin,
Tetracyclin,  Kenamycin, Imipenem, Cefoperazone,
Ciprofloxacin, Ceftazidime, Cefepime, Streptomycin and
Clindamycin). The antibiotics selected were as per CLSI,
20109.

3. Results

3.1 Screening of lactating cattle

The screening of the lactating cows was done during the
period of October-January (winter). A total of 180 lactating
cows were screened for mastitis on the basis of CMT and
physical examination of the udder and milk. The screened
cows were in different lactation stages, housed in a semi-
intensive system, and both hand and machine milking
methods were used for milking. Out of 180 screened cows,
62 (34.44%) were found positive for mastitis. Physical
examination of the udder revealed signs of clinical mastitis,
like swelling, redness, hardness, and pain in the affected
quarter/udder (Figure 1), and physical examination of milk
samples from individual quarters revealed discoloration of
milk, the presence of blood, clots, and flakes (Figure 2). Out
of the total 62 mastitis positive samples, 37.10% (23/62)
were found positive for clinical mastitis, and remaining
62.90% were positive for subclinical mastitis. The result is
depicted in Table 4.
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The samples with CMT point score 0 were considered as
negative, samples with CMT score >1 were considered to
have mild to moderate infection and CMT score of > 3
considered to have severe intramammary infection. The

. = . -
samples with CMT score —1 were collected in sterilized
milk collection tubes and processed for bacterial isolation.

3.2 Bacterial isolation

The collected positive samples were inoculated in
MacConkey broth. After 24 hours of incubation, 29 out of
62 samples (46.77%) turned yellow, indicating lactose
fermentation, whereas no colour change was observed in the
remaining 33 (61.53%) samples, indicating non-lactose
fermentation (Figure.3). Gram staining of the positive
samples revealed gram-negative rod-shaped bacteria in 40%
of the samples (Figure 4). On MacConkey agar after
overnight incubation, characteristic circular, flat, moist,
smooth rose-pink colonies in 19 out of 29 samples and
mucoid pink colonies in 10 samples were observed (Figure
5). On EMB agar, characteristic flat, dark colonies with
metallic sheen (Figure 6) were observed in 17 (27.42%)
isolates, indicating E. coli. The Isolates showing a metallic
sheen on EMB agar were inoculated into the biochemical
test kits and incubated overnight. All the 17 isolates showed
characteristic colour change after overnight incubation and
on addition of the reagent (Figure 7). Results were
interpreted as per the interpretation chart provided with the
kit. Results revealed that all the isolates were motile,
positive for the indole, methyl red, and nitrate reduction
tests, and negative for Voges-Proskauer and Citrate
utilization tests. All the isolates were found to ferment
glucose, lactose, sorbitol, arabinose, mannitol, and
rhamnose, whereas variable results were found for sucrose
fermentation.

3.3 Molecular detection of E. coli

Bacterial genomic DNA was isolated from the samples
(n=17) showing a characteristic metallic sheen on EMB.
Nanodrop spectrophotometer reading of the isolated DNA
samples revealed DNA concentration ranged from 51ng/pl
to 287ng/ul and purity ranged from 1.4-1.8 (Azsors0),
indicating that the samples were almost free from
contamination (protein/RNA). DNA isolation was repeated
for the samples having less than 1.5 purity and less than 50
ng/ul DNA concentration, and samples having very low
DNA concentration were discarded. PCR application of the
16S rRNA gene was done using the designed primers as
given in Table 1. The PCR amplified products were run on
1.5% agarose gel. The gel was examined under a gel
documentation system. A single band of approximately 232
bp in size in all 17 samples (Figure 8) was observed. No band
was observed in the negative control (non-template) well.

3.4 Detection of ESBL-producing bacteria

After overnight incubation, a difference of 50% or 5mm or
more between the zone of inhibition of the discs containing
the antibiotic along with clavulanic acid and the antibiotic
disc containing the antibiotic alone was observed in 4 out of
17 (23.53%) E. coli isolates, indicating the presence of
ESBL-producing E. coli (Figure 9).

3.5 Antibiotic susceptibility testing of E. coli isolate
All the confirmed E. coli isolates (n=17) were tested for in
vitro antibiotic sensitivity towards different antibiotics
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(n=17). These antibiotics belonged to the 7 groups of
antibiotics viz. aminoglycosides, tetracycline, penicillin,
beta-lactam,  fluoroquinolones,  cephalosporins,  and
sulphonamide. Results were interpreted as per the
manufacturer’s instructions (HiMedia) (Figure 10). The
highest resistance was found towards antibiotics Ampicillin,
Amoxicillin/clavulanic acid and clindamycin (100%)
followed by Enerofloxacin, Cefoperazone, Cefepime,
Ceftazidime (85.7%), Tetracyclin (71.4%), Ceftrioxzone
(57.2%) The highest sensitivity was attributed towards
Gentamicin and Imipenem (100%) followed Kenamycin
(85.7%), Piperacillin/Tazobactum, Co-trimoxazole, Colistin
and Streptomycin (71.4%). Additionally, 57.2% of the
isolates showed intermediate susceptibility towards
ciprofloxacin. The results are depicted in Table 5.
According to the results of ABST E. coli isolate (KJ933691)
showed least sensitivity against Amoxicillin/clavulanic acid
and also it is the most commonly used antibiatic in the field
hence, Amoxicillin/clavulanic acid was chosen for
experimental trial.

4. Discussion

Screening of lactating cattle and isolation of E. coli

In the present study the overall prevalence of mastitis on the
basis of CMT and physical examination of the udder and
milk was found to be 34.44%. Out of the total mastitis
positive samples, 37.10% were clinical and 62.90% were
subclinical. For isolation of E. coli the samples were
streaked on MacConkey agar and EMB. The positive
samples showed characteristic circular, flat, moist, smooth
rose-pink colonies on MacConkey agar and metallic sheen
on EMB agar, indicating presence of E. coli. The samples
were further confirmed by grams staining, biochemical test
and PCR. Gram staining revealed gram-negative rod-shaped
bacteria, biochemical test revealed typical ++-- IMViC
pattern, and PCR revealed a single band of approximately
232bp in size, thus confirming the isolated bacteria is E.
coli. Similar findings were reported by Riffon et al. (2001)
271 Mohanty et al. (2013) 2 Singh et al. (2018) B4 and
Sangeetha et al. (2020) B% The prevalence of mastitis
caused by E. coli was found to be 27.42%. Comparison of
these findings with the previous reports from the same dairy
farm concluded that the overall prevalence of mastitis
obtained in the present study (34.44%) is lower than the
previous findings i.e. 43.69%, 47.7% and 48% as recorded
by Shete (2012) %, radhika (2016) and sangeetha (2018)
(291 respectively. However, the prevalence of mastitis caused
by E. coli found in this study (27.42%) is higher than the
previous studies from the same farm viz. 10% and 13.33%
as reported by Snehal (2006) [ and Shete (2012) [,
respectively. The high prevalence in this study may be
attributed by the poor hygienic conditions because E. coli is
the part of normal intestinal flora in bovine and can
contaminate the environment. During the puerperal period
when the cow’s immunity is compromised, they may get
opportunity to enter and multiply in the mammary gland of
the cow and cause mastitis (Radostits et al., 2007) (¢, The
previous studies, from different farms reported variable
prevalence for E. coli mastitis. The studies published by
Balakrishnan et al. (2004) @ Breen et al. (2009) [,
Vasquez et al. (2019) B8 and Sangeetha et al. (2020) B%
reported a prevalence of 27.5%, 26.7%, 23% and 25.7%,
respectively which is similar to the findings of the present
study. However, a higher prevalence than the present study
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is reported by Bradley and Green (2001) ™, Mohsen and
Dapgh (2007) %! and Paramesh et al. (2018) ! i.e. 34.7%,
39.9% and 42%, respectively. Some other studies reported
lower prevalence than the present finding viz. 20.0%
(Sumathi et al., 2008) 1, 21% (Mohanty et al., 2013) 221,
20.10% (Charaya et al., 2014) ! and 17.19% (Singh et al.,
2018) B4, The E. coli isolates were also examined for the
presence of ESBL and the prevalence of ESBL producing E.
coli was found to be 23.53% of the total E. coli isolates. The
findings were in correlation with results reported by Ali et
al. (2017) ™ and Feng et al. (2018) ™4 who found the
overall prevalence to be 25.41% and 22.96, respectively.
However, the prevalence found in this study is higher than
reported by Kar et al. (2015) 7, Freitag et al. (2017) 1%
and Eisenberger et al. (2018) 2. The widespread use of -
lactam group of therapeutic agents in curing and preventing
cases of bovine mastitis may result to this phenomenon. The
presence of ESBL in mastic milk underlines the value of
udder hygiene. It is important to carry out proper and
modified drug treatment, strictly following therapeutic
protocols, in order to avoid pharmacokinetic conditions
which, encourage the production of strains carrying
antibiotic resistant genes (Locatelli et al., 2009) [,

Antibiotic susceptibility testing of E. coli isolates

All the confirmed E. coli isolates (n=17) were tested for in
vitro antibiotic sensitivity towards different antibiotics
(n=17). In the present study, the highest sensitivity was
attributed towards Gentamicin and Imipenem (100%),
followed by Kenamycin (85.7%), Piperacillin/Tazobactum,
Co-trimoxazole, Colistin and Streptomycin (71.4%). The
resistance pattern revealed, highest resistance against
Ampicillin, Amoxicillin/clavulinic acid and clindamycin
(100%) followed by Enerofloxacin, Cefoperazone,
Cefepime, Ceftazidime (85.7%), Tetracyclin (71.4%), and
Ceftrioxzone (57.2%). Approximately 57.2% of the isolates
showed intermediate susceptibility towards ciprofloxacin.
Present study is in agreement with the findings of
Preethirani et al. (2015) 1%, who tested antibiotic resistance
of E. coli strain isolated from mastitis cases in buffalo. Their
study reported 100% resistance against Amoxycillin,
Amikacin, Ampicillin, Ceftriaxone/ sulbactam, Cefotaxime,
which is in corroboration to the present study. Similarly,
Sumathi et al. (2008) B, Virpari et al. (2013) “!, Charaya
et al. (2014) ! and Verma et al. (2018) ™9 reported the
highest sensitivity of E. coli isolates against Gentamicin,
which strongly supports the findings of this study. However,
the percentage of resistance towards other antibiotics was
lower than the present study. Zhang et al. (2018) [“*] in their
study reported 8.86%, 11.39%, 25.32%, and 25.33%
resistance against Enerofloxacin, Amoxycillin, Ampicillin,
and tetracycline, which is much lower than the findings of
the present study. Moges et al. (2011) 1 reported the
highest sensitivity towards clindamycin, which is not in
corroboration with the present study, as 100% resistance
was observed in this study against E. coli isolates from
bovine mastitis. In the present study, a lower resistance rate
was observed against Co-trimoxazole, which is supported by
the findings of Fazel et al. (2019) ™ (18.3%). But the %
resistance against Enerofloxacin (22.5%) reported by Fazel
et al. (2019) ™! was lower than the present study (85.7%).
Antibiotic resistance is an important public health issue in
medical as well as veterinary science. Extensive use of these
antibiotics in the studied dairy farm for treating cases of
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clinical mastitis may be a reason behind the high
antimicrobial resistance in this study. Mahantesh and
Basappa (2011) @ and Jeykumar et al. (2013) 16! from their
studies also concluded that increased resistance against the
commonly used antibiotics can be due to their injudicious
use as well as negligence in the bacteriological analysis of
the mastitis suspected milk samples, resulting in increased
treatment cost as well as period. While species, geographic,
and managemental differences result in differences in the
findings of the antibiogram study, the choice of antibiotics
used by various workers often contributes to misleading
correlations  between the studies concerning the
susceptibility of mastitis-causing pathogens towards
antibiotics

Conclusion

The present study highlights the significant prevalence of
Escherichia coli in bovine mastitic milk and emphasizes its
growing antimicrobial resistance pattern in dairy animals. A
considerable proportion of the isolates were obtained from
subclinical mastitis cases, indicating that apparently healthy
animals may silently contribute to the persistence and spread
of infection within dairy herds. The detection of ESBL-
producing E. coli and the high level of resistance against
commonly used antibiotics further reflect the increasing
therapeutic challenges associated with mastitis management.
The widespread multidrug resistance observed among the
isolates is a matter of serious concern for both veterinary
and public health sectors, as resistant bacteria from raw milk
may enter the food chain and pose a potential zoonotic risk
to consumers. These findings underline the urgent need for
regular microbiological screening, judicious use of
antimicrobials, and implementation of effective hygiene and
herd management practices at dairy farms. Overall, this
study provides important baseline information on the
prevalence and antimicrobial resistance characteristics of
mastitis-associated E. coli in dairy cattle and supports the
need for continuous surveillance programs to control
antimicrobial resistance and improve milk safety and animal
health.

Acknowledgements

The authors thank the Director, ICAR-IVRI, Izatnagar, for
carrying out the study and provide necessary infrastructure
facilities.

Competing interest’s disclosure

The authors have no relevant affiliations or financial
involvement with any organization or entity with a financial
interest in or conflict with the subject matter or materials
discussed in the manuscript.

References
1. AliT,urRahman S, Zhang L, Shahid M, Han D, Gao J,
Zhang S, Ruegg PL, Saddique U, Han B.

Characteristics and genetic diversity of multi-drug
resistant extended-spectrum beta-lactamase-producing
Escherichia coli isolated from bovine mastitis.
Oncotarget. 2017; 8(52):90144-90163.

2. Balakrishnan C, Unny M, Dorairajan N, Subramanian
M. Studies on bovine mastitis at Namakkal. Indian Vet
J. 2004; 81(10):1166-1167.

3. Blum SE, Heller ED, Leitner G. Long term effects of

Escherichia coli mastitis. Vet J. 2014; 201:72-77.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bradley AJ, Green MJ. Adaptation of Escherichia coli
to the bovine mammary gland. J Clin Microbiol. 2001;
39:1845-1849.

Breen JE, Green MJ, Bradley AJ. Quarter and cow risk
factors associated with the occurrence of clinical
mastitis in dairy cows in the United Kingdom. J Dairy
Sci. 2009; 92:2551-2561.

Charaya G, Sharma A, Kumar A, Singh M, Goel P.
Pathogens isolated from clinical mastitis in Murrah

buffaloes and their antibiogram. Vet World.
2014;7(11):980-985.
Clinical and Laboratory  Standards Institute.

Performance standards for antimicrobial susceptibility
testing. CLSI document M100-S24. Wayne (PA):
CLSI; 2015.

Clinical and Laboratory  Standards Institute.
Performance standards for antimicrobial susceptibility
testing; twenty-ninth informational supplement. CLSI
document M100-S29. Wayne (PA): CLSI; 2019.
Cruickshank R, Duguid JP, Marmion BP, Swain RHA.
Medical microbiology. Vol. Il. 12th Ed. New York:
Churchill Livingstone; 1975. p. 31-57, 96-218.
Cruickshank R. Mackie and McCartney’s handbook of
bacteriology. 10th ed. Edinburgh and London: E and S
Livingstone Ltd.; 1962.

Dahmen S, Métayer V, Gay E, Madec JY, Haenni M.
Characterization of extended-spectrum beta-lactamase-
carrying plasmids and clones of Enterobacteriaceae
causing cattle mastitis in France. Vet Microbiol. 2013;
162(2-4):793-799.

Eisenberger D, Carl A, Balsliemke J, Kdmpf P, Nickel
S, Schulze G, Valenza G. Molecular characterization of
extended-spectrum B-lactamase-producing Escherichia
coli isolates from milk samples of dairy cows with
mastitis in Bavaria, Germany. Microb Drug Resist.
2018; 24(4):505-510.

Fazel F, Jamshidi A, Khoramian B. Phenotypic and
genotypic study on antimicrobial resistance patterns of
Escherichia coli isolates from bovine mastitis. Microb
Pathog. 2019; 132:355-361.

Feng Y, Zhang SD, Shang XF, Wang XR, Wang L, Yan
ZT, Li HS. Prevalence and characteristics of extended
spectrum f-lactamase-producing Escherichia coli from
bovine mastitis cases in China. J Integr Agric. 2018;
17(6):1246-1251.

Freitag C, Michael GB, Kadlec K, Hassel M, Schwarz
S. Detection of plasmid-borne extended-spectrum -
lactamase genes in Escherichia coli isolates from
bovine mastitis. Vet Microbiol. 2017; 200:151-156.
Jeykumar M, Vinodkumar G, Bashir Bimal P, Krovvidi
S. Antibiogram of mastitis pathogens in the milk of
crossbred cows in Namakkal district, Tamil Nadu. Vet
World. 2013; 6:354-356.

Kar D, Bandyopadhyay S, Bhattacharyya D, Samanta |,
Mahanti A, Nanda PK, Mondal B, Dandapat P, Das
AK, Dutta TK, Bandyopadhyay S. Molecular and
phylogenetic characterization of multidrug resistant
extended  spectrum beta-lactamase  producing
Escherichia coli isolated from poultry and cattle in
Odisha, India. Infect Genet Evol. 2015; 29:82-90.

Lai JL, Liu YH, Peng YC, Ge P, He CF, Liu C, Chen
YY, Guo AZ, Hu CM. Indirubin treatment of
lipopolysaccharide-induced mastitis in a mouse model

~g7~

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

https://www.biochemjournal.com

and activity in mouse mammary epithelial cells.
Mediators Inflamm. 2017; 2017:3082805.

Locatelli C, Caronte I, Scaccabarozzi L, Migliavacca R,
Pagani L, Moroni P. Extended-spectrum [B-lactamase
production in Escherichia coli strains isolated from
clinical bovine mastitis. Vet Res Commun. 2009;
33(Suppl 1):141-144,

Mahantesh MK, Basappa BK. Prevalence and
antimicrobial susceptibility of bacteria isolated from
bovine mastitis. Adv Appl Sci Res. 2011; 2(6):229-235.
Moges N, Asfaw Y, Belihu K, Tadesse A.
Antimicrobial susceptibility of mastitis pathogens from
small holder dairy herd in and around Gondar, Ethiopia.
J Anim Vet Adv. 2011; 10(12):1616-1622.

Mohanty NN, Das P, Pany SS, Sarangi LN, Ranabijuli
S, Panda HK. Isolation and antibiogram of
Staphylococcus, Streptococcus and Escherichia coli
isolates from clinical and subclinical cases of bovine
mastitis. Vet World. 2013; 6(10):739-743.

Mohsen DM, Dapgh AN. Detection of gene sequence
of Escherichia coli toxins isolated from mastitic buffalo
and cow’s milk. Vet Med J Giza. 2007; 55(2):451-456.
Paramesh BN, Basavaraj A, Suryakanth P, Abhilash B,
Revappayya M. lIsolation and  biochemical
characterization of Escherichia coli from bovine
mastitic milk. Int J Curr Microbiol App Sci. 2018;
7(7):719-722.

Preethirani  PL, Isloor S, Sundareshan S,
Nuthanalakshmi V, Deepthikiran K, Sinha AY,
Rathnamma D, Prabhu KN, Sharada R, Mukkur TK.
Isolation, biochemical and molecular identification, and
in vitro antimicrobial resistance patterns of bacteria
isolated from bubaline subclinical mastitis in South
India. PLoS One. 2015; 10(11):1845-1860.

Radostits OM, Gay CC, Hinchcliff KW, Constable PD.
Veterinary medicine: a textbook of the diseases of
cattle, horses, sheep, pigs and goats. 10th ed. London:
WB Saunders; 2007. p. 673-762.

Riffon R, Sayasith K, Khalil H, Dubreuil P, Drolet M,
Lagacé J. Development of a rapid and sensitive test for
identification of major pathogens in bovine mastitis by
PCR. J Clin Microbiol. 2001; 39(7):2584-2589.

Ruegg PL. A 100-year review: mastitis detection,
management, and prevention. J Dairy Sci. 2017
100:10381-10397.

Sangeetha SG. Evaluation of therapeutic potential of
bovine  recombinant lactoferrin in  murine
staphylococcal mastitis model [M.V.Sc. thesis].
Izatnagar: Indian Veterinary Research Institute; 2018.
Sangeetha A, Balakrishnan S, Venkatesh A, Manimaran
K. Coliform mastitis in dairy cows in Thanjavur region.
2020.

Schalm OW, Carroll EJ, Jain NC. Bovine mastitis.
Philadelphia: Lea and Febiger; 1971.

Seni J, Falgenhauer L, Simeo N, Mirambo MM,
Imirzalioglu C, Matee M, Mshana SE. Multiple ESBL-
producing Escherichia coli sequence types carrying
quinolone and aminoglycoside resistance genes
circulating in companion and domestic farm animals in
Mwanza, Tanzania, harbor commonly occurring
plasmids. Front Microbiol. 2016; 7:142.

Shete YD. Prevalence of major and minor bacterial
pathogens of clinical and subclinical mastitis in


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

lactating dairy animals [M.V.Sc. thesis]. lzatnagar:
Indian Veterinary Research Institute; 2012.

34. Singh A, Chhabra D, Sikrodia R, Shukla S, Sharda R,
Audarya S. Isolation of Escherichia coli from bovine
mastitis and their antibiotic sensitivity pattern. Int J
Curr Microbiol App Sci. 2018; 7(10):11-18.

35. Snehal. Immunotherapeutic potential of Avena sativa in
bovine mastitis [M.V.Sc. thesis]. lzatnagar: Indian
Veterinary Research Institute; 2006.

36. Stevens M, Piepers S, Supré K, Dewulf J, De Vliegher
S. Quantification of antimicrobial consumption in adult
cattle on dairy herds in Flanders, Belgium, and
associations with udder health, milk quality, and
production performance. J Dairy Sci. 2016; 99:2118-
2130.

37. Sumathi BR, Veeregowda BM, Amitha RG. Prevalence
and antibiogram profile of bovine mastitis pathogens.
Vet World. 2008.

38. Vasquez AK, Ganda EK, Capel MB, Eicker S, Virkler
PD, Bicalho RC, Nydam DV. The microbiome of
Escherichia coli and culture-negative non-severe
clinical mastitis: characterization and associations with
linear score and milk production. J Dairy Sci. 2019;
102(1):578-594.

39. Verbeke J, Piepers S, Supré K, De Vliegher S.
Pathogen-specific incidence rate of clinical mastitis in
Flemish dairy herds, severity, and association with herd
hygiene. J Dairy Sci. 2014; 97(11):6926-6934.

40. Verma H, Rawat S, Sharma N, Jaiswal V, Singh R.
Prevalence, bacterial etiology and antibiotic
susceptibility pattern of bovine mastitis in Meerut. J
Entomol Zool Stud. 2018;6(1):706-709.

41. Virpari PK, Nayak JB, Brahmbhatt MB, Thaker HC.
Study on isolation, molecular detection of virulence
gene and antibiotic sensitivity pattern of Escherichia
coli isolated from milk and milk products. Vet World.
2013; 6:541-545.

42. Wenz JR, Barrington GM, Garry FB, Ellis RP,
Magnuson RIJ. Escherichia coli isolates’ serotypes,
genotypes, and virulence genes and clinical coliform
mastitis severity. J Dairy Sci. 2006; 89:3408-3412.

43. Zhang D, Zhang Z, Huang C, Gao X, Wang Z, Liu Y,
Liu M. The phylogenetic group, antimicrobial
susceptibility, and virulence genes of Escherichia coli
from clinical bovine mastitis. J Dairy Sci. 2018.

44. Reischl U, Youssef MT, Kilwinski J, Lehn N, Zhang
WL, Karch H, Strockbine NA. Real-time fluorescence
PCR assays for detection and characterization of shiga
toxin, intimin, and enterohemolysin genes from shiga
toxin-producing Escherichia coli. J Clin Microbiol.
2002; 40(7):2555-2565.

~gg~


https://www.biochemjournal.com/

