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ABSTRACT

The present study was undertaken to identify bacteria isolated from the milk samples collected from cattle affected with subclinical mastitis
and their antibiogram profiling. A total of 769 quarter milk samples were screened for subclinical mastitis from 200 cattle in and around Udaipur city.
The positive milk samples based on CMT and SCC were subjected to isolation of bacteria. After that, all these bacterial isolates were subjected to in
vitro drug sensitivity testing. A total of 120 bacterial pathogens were isolated from 115 culturally positive quarters. Among 115 quarters, 110
(95.65%) quarters showed infection by a single bacterial species and 05 (4.35%) quarters showed mixed bacterial infection of Staphylococcus spp. +
Streptococcus spp. Out of 115 organisms isolated, 71 were Staphylococci spp., 39 were Streptococci spp. and 10 were E. coli. So, Staphylococci were
found to be the predominant organisms followed by Streptococci and E. coli. The antimicrobial sensitivity of isolates varied in different farms which
depend on the use of antimicrobials and strains prevalent at that farm. Most strains of Staphylococci, Streptococci and E. coli were found sensitive to
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amikacin, chloramphenicol and gentamicin.
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Mastitis is an inflammatory response in the
mammary gland, which is predominantly a result of the
infectious challenge and is the most frequent and costly
disease of dairy animals (Fonseca et al., 2015). The
subclinical form of the disease is important because it is 15
to 40 times more prevalent than its clinical form (Singh et
al.,2015) and therefore usually persists longer in the herd,
causing production losses (Charaya et al., 2014; Kumar et
al., 2014; Ali et al., 2015). Subclinical mastitis (SCM)
causes a direct loss of 6.8% animal-wise and 34.5%
quarter-wise milk production and an indirect loss by
reduced reproductive efficiency (Karthikeyan et al.,
2016). Most of the cases of worldwide SCM are caused by
Staphylococcus spp., Streptococcus spp. and E. coli (El-
Jakee et al., 2013; Sunagar et al., 2013; Charaya et al.,
2014; Singh et al., 2014; Karthikeyan et al., 2016; Ferdaus
et al., 2019; Maciel-Guerra et al., 2021). Microbiological
and somatic cell count (SCC) testing in milk is the most
sensitive method for the measurement of infection of
bovine mammary glands. The prevalence of SCM and
organisms association varies from region to region and
among animals on different farms. To avoid the problem of
the emergence of antibiotic-resistant bacteria and to
initiate an effective treatment of mastitis, in vitro
antimicrobial sensitivity testing of mastitogenic isolates is
recommended. Keeping in view the above-stated facts
about subclinical mastitis, the present study was planned to
determine the etiological agent(s) responsible for the
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causation of subclinical mastitis in cattle and to determine
their antimicrobial sensitivity to institute proper line
treatment and adoption of control measures.

MATERIALS AND METHODS
Study area and sample collection

The study was conducted at the College of Veterinary
and Animal Science, Navania, Vallabhnagar, Udaipur.

A total of 769 milk samples were collected from
quarters of 200 apparently healthy lactating cows collected
in and around Udaipur City and screened for sub-clinical
mastitis by using the California mastitis test (CMT) and
SCCtest.

Bacteriological examination

The positive milk samples on the basis of CMT and
SCC were subjected to bacteriological examination. All
the milk samples showing SCC greater than 5x10’ cells/ml
were subjected to isolation of bacteria and phenotypic
characterization of bacterial isolates as per the standard
techniques (Markey et al., 2013).

Molecular detection of bacterial isolates

DNA extraction from bacterial culture isolates

The chromosomal DNA of Staphylococci and
Streptococci from all the field isolates was extracted
according to Wilson (1987) with slight modifications. The
E. coli genomic DNA isolation was carried out by the heat
treatment method as described (Li et al., 2017). The purity
and concentration of the DNA were estimated in a UV
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absorbance biospectrophotometer (Eppendorf, Hamburg,
Germany). The purity of the DNA was verified by
measuring absorbance at 260 nm and 280 nm. A 260/280
ratio of approximately >1.8 was considered pure for DNA
and were further used for the molecular assays.

Polymerase chain reaction (PCR) assay

The oligonucleotide sequences and the corresponding
amplicon sizes for the identification of bacteria by PCR
have been mentioned in Table 1. All the PCR tests for the
identification of bacteria were carried out in a final volume
of 25 pul. Each polymerase chain reaction (PCR) mixture
consisted of 12.5 ul of 2x mater mix (Genetix Biotech Asia
Pvt. Ltd., New Delhi, India), 2.5 ul of template DNA, 0.75 ul
(50pM) of forward primer, 0.75 (50pM) of reverse primer,
8.5 ul of nuclease free water (NFW) (Genetix Biotech Asia
Pvt. Ltd., New Delhi, India) in 25 ul PCR reaction mix.

All Staphylococcal isolates were tested for carriage
of 16S rDNA as described by Strommenger et al. (2003),
whereas all Streptococcal isolates were tested for carriage
to the tuf gene as per the method of Hegde (2011). All E.
coli isolates were confirmed by species-specific PCR
assay primers targeting the universal stress protein A
(uspA) gene as described by Chen and Griffiths (1998).
The primers were synthesized by Eurofins Genomics India
Pvt. Ltd. (Bangalore, India). The DNA of Staphylococcus/
Streptococcus/E.coli (standardized and maintained in the
department of Veterinary Microbiology, CVAS, Navania)
and NFW were used as positive and negative controls,
respectively in each run and amplification was performed
in Thermocycler (Biorad Pvt. Ltd., California, USA) with
the following thermal cycle conditions for all the three
primers used: initial denaturation at 94° C for 5 min, 30 cycles
of denaturation at 94° C for 1 min, annealing (annealing
temperature as described in table 1 for each primer) for 1
min, extension at 72° C for 1 min and final extension at 72°
C for 10 min and held at 4° C.

PCR products were electrophoresed in 1.5% agarose
gel to observe their consistency. The amplified product
was visualized as a band of expected size under UV light
and documented by a gel documentation system (Biogen
Scientific, Cambridge, U.S.A.)

In vitro drug sensitivity pattern

All the organisms isolated from udder infections
were subjected to in vitro drug sensitivity testing, using 15
antimicrobial agents viz. amikacin, ampicillin, cefixime,
cefotaxime/cephotaxime, ceftriaxone, chloramphenicol,
ciprofloxacin, co-triamoxazole, erythromycin, gentamicin,
methicillin, ofloxacin, penicillin-G, streptomycin and
tetracycline by Kirby-Bauer disc diffusion method (Bauer
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et al., 1966) according to the Clinical and Laboratory
Standards Institute’s guidelines (CLSI, 2020). The sensitivity
was observed based on the zone size interpretation chart,
provided by the manufacturer. The results were recorded
as sensitive, intermediate and resistant according to CLSI
guidelines (2020).

RESULTS AND DISCUSSION

The overall quarter-wise prevalence based on CMT
and SCC was 31.73% (244/769) and 20.02% (154/769),
respectively as previously reported in our research paper
(Singathia ef al., 2022). 14.95% (115/769) of the quarters
were showing SCC above 500,000/ml of milk and were
culturally positive.

During the cultural examination, a total of 120
organisms were isolated from 115 culturally positive
quarters. A total of three genera including Staphylococcus,
Streptococcus and E. coli were isolated in the present
study. Staphylococcus spp., Streptococcus spp. and
Escherichia coli were further confirmed by PCR targeting
16S rDNA (Fig. 1), tuf (Fig. 2) and uspA4 (Fig. 3) genes,
respectively. The results of the present study in terms of
molecular detection of these isolates are consistent with
the finding of other researchers (El-Jakee et al., 2013;
Sunagar et al., 2013; Charaya et al., 2014; Singh et al.,
2014), who also confirmed these isolates by PCR. Among
115 quarters, 110 (95.65 %) quarters showed infection by a
single bacterial species and 05 (4.35 %) quarters showed
mixed bacterial infection of Staphylococcus spp. +
Streptococcus spp.

In the present study, Staphylococci were the most
prevalent organism, accounting for 59.17% of the isolates
followed by Streptococci (32.5%) and E. coli (8.33%). In
this study, contagious bacteria like Staphylococci and
Streptococci caused most of the infections. It may be
attributed to unhygienic milking practices and that might
have caused entry of these organisms into the mammary
gland, through the milkers’ hands, causing an increase in
SCC and inflicting pathogenicity in the alveolar tissue.
Further, spread of this infection from diseased animal to
next animal at the time of milking is possible due to
contagious nature of bacterial pathogens (Pankaj et al.,
2012).

These results were in accordance with Rani et al.
(2008) who reported that amongst the various
mastitogenic bacteria isolated, Staphylococci were the
most prevalent, accounting for 67.99% and 63.62% of the
infections in cows and buffaloes, followed by Streptococci
(31.98% and 36.36%), respectively. Similar to the present
observation, the high prevalence of Staphylococci has
been reported by several researchers from India (Mittal et



Figs. 1 to 3. (1) Representative image of Mannitol fermentation by Staphylococcus on MSA after 24 hr incubation at 37° C; (2) Representative image
of Streptococcus on Edward’s Media after 24 hr incubation at 37° C; (3) Representative image of E. coli on Eosine methylene blue (EMB) after 24 hr

incubation at 37° C
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Fig. 4. Agarose gel electrophoresis of 16S ¥DNA Staphylococcus genus
specific PCR products (420 bp) [Lane Mr: 250 bp DNA ladder,
Lane C: Negative control, Lane 1-5: Farm isolates of
Staphylococci, Lane 6: Positive control]
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Fig. 6. Agarose gel electrophoresis of uspA E. coli specific PCR
products (884 bp) [Lane Mr: 250 bp DNA ladder, Lane C:
Negative control, Lane 1-5: Farm isolates of E. coli, Lane 6:
Positive control]
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Fig. 5. Agarose gel electrophoresis of tuf Streptococcus genus specific
PCR products (110 bp) [Lane Mr: 100 bp DNA ladder, Lane C:
Negative control, Lane 1-5: Farm isolates of Streptococci, Lane
6: Positive control]

al., 2018; Verma et al., 2018; Solanki et al., 2021) and
abroad (Nickerson and Stephen, 2009; Tenhagen et al.,
2009).

Streptococci were the second most prevalent
pathogen associated with cattle SCM in the present study
which is in harmony with the findings of other researchers
(Singh, 2015; Mittal et al., 2018; Solanki et al., 2021). While
in contrast to our study Lakshmi and Jayavardhanan, (2016)
reported E. coli as the second most prevalent organism.

E. coli was the third most prevalent pathogen
(8.33%) associated with cattle SCM in the present study.
The prevalence of E. coli as a major pathogen has been
reported by several researchers (Singh ef al., 2016, Mittal
et al., 2018) and the prevalence reported by these workers
ranged from 10.2 to 24.13 % in their studies. On the other
hand, Awandkar et al. (2009) reported a higher incidence
of E. coli infections (40.0%) in bovine mastitis.



Table1. Details of oligonucleotide sequence used for detection of pathogen

Bacterial species Sequence (52-32) Ampliconsize ~ Annealing Reference
and their gene (bp) temperature
O
Staphylococcus F:5’-CAGCTCGTGTCGTGAGATGT-3’R:5- 420 52°C Strommenger et al.
(16SrDNA) AAT CATTTG TCC CAC CTT CG-3’ (2003)
Streptococcus (tuf)  F:5’-CAACTT GAC GAAGGT CCT GCA-3’R:5’- 110 46°C Hegde (2011)
TGG GTT GATTGAACCTGG TTTA-3’
E. coli(uspA) F:5’-CCGATACGCTGCCAATCAGT-3’R:- 884 49°C Chen and Griffiths
5’ACGCAGACCGTAGGCCAGAT-3’ (1998)

Staphylococci showed high sensitivity towards amikacin
(100%), chloramphenicol (100%), gentamicin (100%),
ciprofloxacin (94.44%), cefixime (94.11%), ofloxacin
(94.11%), erythromycin (92.85%) and less sensitivity towards
co-triamoxazole  (83.33%), cefotaxime/cephotaxime
(82.35%) and streptomycin (82.35%). The least sensitivity
of Staphylococci was observed towards ceftriaxone
(58.33%), ampicillin (47.05%), penicillin-G (40%),
tetracycline (33%) and methicillin (31%). Overall,
resistance was recorded against some of the antibiotics in
Staphylococci isolated in the present study might be due to
the extent of the use of antimicrobials for treatment and
resistance strains of Staphylococci prevalent at that farm/
area. Our results also concur with the finding of Sharma et
al. (2015) who reported high sensitivity (88.89%) of
Staphylococci towards Chloramphenicol and high resistance
toward Penicillin. High sensitivity toward Fluoroquinolones
in our study is in close agreement with those reported by
Mohanty et al. (2013) and Mir et al. (2014).

Streptococci showed high sensitivity toward
amikacin (100%), cefotaxime/cephotaxime (100%),
ceftriaxone (100%), chloramphenicol (100%), gentamicin
(100%), ofloxacin (93.75%), penicillin-G (100%),
streptomycin  (93.75%), and less sensitivity toward
cefixime (80%), ciprofloxacin (76.47%), co-triamoxazole
(85.71%), erythromycin (80%) and tetracycline (75%).
The least sensitivity of Streptococci was observed toward
ampicillin  (42.85%) and methicillin (16.67%). Our
findings corroborate with the finding of Pankaj er al
(2013) and Charaya et al. (2014), wherein the researchers
showed high sensitivity of Streptococci towards
ceftriaxone and gentamicin. E. coli showed high
sensitivity toward chloramphenicol (100%), co-
triamoxazole (100%), gentamicin (100%) and less
sensitivity toward ciprofloxacin (88.89%), ofloxacin
(88.89%), amikacin (81.82%), streptomycin (66.67%).
The least sensitivity of E. coli was observed toward
tetracycline (22.22%), cefixime (11.11%), cefotaxime/
cephotaxime (11.11%), ceftriaxone (9.09%), ampicillin
(0%), erythromycin (0%), methicillin (0%) and penicillin-
G (0%).
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The studies conducted by several researchers
(Pankaj et al., 2012; Mittal et al., 2018; Solanki, 2021)
have shown increased resistance to different traditional
and newly introduced antibiotics. The emergence of these
drug-resistant pathogens responsible for mastitis is due to
the indiscriminate utilization of antibiotics.

In conclusion, the present study indicated a
considerable occurrence of SCM and pathogens associated
with SCM in and around Udaipur City of Rajasthan.
Results of the present study indicate high levels of
multidrug resistance which is matter of concern. Similar
studies are also required at large scale so that appropriate
treatment and control strategies should be formulated to
eradicate or reduce the number of major pathogens which
are associated with SCM. Therefore, continuous
monitoring of AMR and application of AMR mitigation
measures are required to control the spread of the infection
to animals and humans. However, in the present study, the
highest sensitivity was conferred to amikacin,
chloramphenicol, and gentamicin which are suggestive of
judicious use of these antibiotics in the treatment of bovine
subclinical mastitis.
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