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ABSTRACT
	Aim: To find the antibiogram of the identified bacterial isolates obtained from CMT positive milk samples
Study design: The identified bacterial isolates obtained from California mastitis test positive milk samples of in and around Bengaluru district, Karnataka were subjected to antimicrobial susceptibility test.
Place and Duration of Study: The work was carried out in the Department of Dairy Microbiology, Dairy Science College, KVAFSU, Hebbal, Bengaluru, Karnataka for period of one year.
Methodology:The identified mastitic causing bacterial isolates obtained were subcultured and through disc assay method, antimicrobial sensitivity test was conducted for 18 antibiotic discs to declare the isolates as susceptible or resistant.
Result:In the present study, a total of 45 identified bacterial isolates obtained from CMT positive comprised of 22 Streptococcus spp. followed by 18 Staphylococcus spp and 8 of Gram negative bacteria. All the species of Streptococcus and Staphylococcous showed 100% resistance to both pefloxacin & pencillin as well around 80% to bacitracin. Gram negative isolates showed 100% resistance to penicillin and streptomycin. 
Conclusion:Species of Streptococcus as well as Staphylococcusexhibited susceptibility to levofloxacin and tobramycin by around 50% whereas Gram negative isolates were sensitive to ofloxacin by 100%, while 80% to levofloxacin. Both Gram positive and Gram negative isolates were resistant to many antibiotics. It was interesting to observe in the present study that levofloxacin belonging to fluoroquinolone class, a broad spectrum antibiotic can be administered to any type of mastitis infected animals as it stops DNA replication in the bacterial pathogens irrespective of their Gram’s reaction.
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1. INTRODUCTION

[bookmark: _Hlk93982896]Pathogenic bacteria play a major role in causing mastitis.Bovine mastitis is classified as: contagious mastitis, generally caused by bacteria presiding on the skin of the teat and inside the udder, transmitted from one cow to another during milking (e.g., Staphylococcus aureus or Streptococcus agalactiae) and environmental mastitis, caused by pathogens such as Escherichia coli, Streptococcus uberis and Klebsiella sp. normally found in cattle shed surroundings such as bedding, manure, soil, and feed (Cobirka et al., 2020).

Antimicrobial therapy is one of the most effective and commonly practicing methods of controlling bovine mastitis. The cumulative percentages of pathogenic organisms that are susceptible to specific antimicrobials are summarized by the term antibiogram. Antibiotics are used extensively in the dairy industry to combat mastitisin order to improve milk yielding performance in milch animals. Antibiotics such as penicillin, cephalosporin, streptomycin and erythromycin are used for the treatment as well as prevention of mastitis affecting dairy cows caused by a variety of Gram positive and Gram negative bacteria. These antibiotics have bactericidal effect through interfering in cell wall synthesis or protein synthesis or on DNA replication based on their composition. Normally used antibiotics are broad spectrum ones very few express narrow spectrum activities on pathogenic bacteria. Antibiotics are often administrated routinely to entire herd to prevent mastitis during the dry period. An increase in the incidence of disease in a herd generally results in extensive use of antimicrobials, which in turn enhances the potential for antibiotic residues in milk as well bacterial resistance (Sharun et al., 2021).

The disc diffusion method is normally followed for clinical isolates to detect the antibiotic sensitivity because it is cheap, simple and well-standardized. Nutrient agar medium and a filter-paper disk, impregnated with the antibiotic to be tested is then placed on it and incubated for 18 – 24h. The results are read by measuring the growth inhibition zone of the examined microorganism. Isolates based on the size of zone of inhibition can only be classified as susceptible or resistant (Jorgensen and Ferraro, 2009; EFSA, 2012).

The major mastitic causing pathogenic bacteria noticed were species of Staphylococcus, Streptococcus and Escherichia coli (Cheng et al., 2019; Al-harbi et al.,2021 ; Pascu et al., 2022) while few authors even noticed saw instead of Streptococcus spp.,   E.coli as second prevalent mastitis causing bacteria (Ali et al., 2021). Regarding antibiogram studies many researchers found enrofloxacin, gentamycin, ampicillin as efficient wide spectrum antibiotics to control the mastitic infection caused by Gram positive and Gram negative bacterial species (Sumati et al., 2008; Jyoti et al., 2018;Shakir et al., 2024). In this study, antibiogram of the identified pathogenic bacteria obtained from California Mastitis Test (CMT) positive milk samples was determined and presented.

[bookmark: _Hlk94791467]
2.0 MATERIALS AND METHODS

	A total of 45 previously identified bacterial pathogens isolated from CMTpositive milk samples were used in this study (Ganesh et al., 2024). The identity details of the isolates are shown in Table 1. Theywere further subjected to antimicrobial susceptibility test.





Table 1: Overview of the identity of the bacterial isolates (35) obtained from CMT positive milk samples

	Streptococcus spp. (22)

	Streptococcus uberis (10)
M4, M6, M9, M12, M13, M22, M39, 
M40, M44, M45 
	Streptococcus agalactiae (12)
M2, M3, M5, M15, M17, M18, M19, M26, M30, M31, M34, M36 

	Staphylococcus spp. (18)

	S.delphini
(1)
M1 

	S.gallinarum (1)
M16 

	S.equorum (6)
M7, M10, M23, M24, M37, M31 
	S.aureus (3) M35, M28, M21(3)

	S.carnosus (1) 
M20 

	S.epidermidis (6)
 M8, M11, M25, M29, M32, M43 

	Gram negative Isolates (5)

	Escherichia coli (3)
M14, M33, M38 
	Salmonella enterica (1)
M27
	Alcaligenes sp. (1)
M42 



2.1 Antimicrobial Sensitivity (AMS) Test for pathogenic bacterial isolates 
The characterized isolates of CMT positive milk samples were subjected to AMS using 18 commonly used antibiotic discs through disc assay method (Kanaka and Yilmaz, 2020).The isolates were grown for 24 h at 37 o C in nutrient broth and0.5 ml of each broth culture transferred to sterile labeled Petri plate and then 10 ml of sterile molten Muller Hinton Agar (MHA) poured into the respective plates. The available standard 18 numbers of antibiotic discs (HI Media, Mumbai), were placed on to the plates using the sterile forceps. The plates were incubated without inverting at 37 ˚C/24 h. After the incubation the isolates were evaluated as resistant or susceptible based on the presence or absence of zone of inhibition around the discs, measured the diameter of inhibitory zone and noted.

2.1.1Antimicrobial susceptibility determination
As per the Clinical and Laboratory Standards Institute(CLSI, 2017), antimicrobial susceptibility was determined based on Table 2for all the bacterial isolates. Based on ;the results obtained for each bacterial isolate, the resistance or susceptibility to antibiotics was noted.

Table 2: CLSI Antimicrobial Susceptibility Testing Standards 

	Sl. No.
	Name of the Antibiotic
	Code of the Antibiotic
	Disc content
(µg)
	CLSI Standard Disc Diffusion (Zone diameter in mm)

	
	
	
	
	S
	I
	R

	1
	Ampicillin
	AMP
	10
	>17
	14-16
	<13

	2
	Azithromycin
	AZM
	15
	>13
	-
	<12

	3
	Bacitracin
	B
	10 units
	13
	9-12
	8

	4
	Cefoperazone
	CPZ
	75
	>21
	16-20
	<15

	5
	Ceftriaxone
	CTR
	30
	>21
	14-20
	<13

	6
	Erythromycin
	E
	15
	23
	14-22
	13

	7
	Kanamycin
	K
	30
	>18
	14-17
	<13

	8
	Levofloxacin
	LE
	05
	>17
	14-16
	<13

	9
	Nalidixic acid
	NA
	30
	>19
	14-18
	<13

	10
	Neomycin
	N
	10
	>25
	17-19
	<13

	11
	Ofloxacin
	OF
	05
	>16
	13-15
	<12

	12
	Pefloxacin
	PF
	05
	>24
	-
	<23

	13
	Penicillin
	P
	10 units
	29
	-
	28

	14
	Rifampicin
	RIF
	05
	20
	17-19
	16

	15
	Spectinomycin
	SPT
	100
	18
	15-17
	14

	16
	Streptomycin
	S
	25
	>15
	12-14
	<11

	17
	Tobramycin
	TOB
	10
	>17
	13-14
	<12

	18
	Vancomycin
	VA
	30
	17
	15-16
	14


Note: 
· S-Susceptible; I – Intermediate; R-Resistant
· Penicillin 10 units – 60 µg
· Bacitracin 10 units – 30 

The 18 antibiotics used in the treatment of bovine mastitis and adopted for AMS, their group and role may help to understand their nature(Kapoor et al., 2017) is tabulated (Table 3)

Table 3: Class of Antibiotics and mechanism of action

	Class of antibiotic (AB)
	Name of AB 
	Characteristic
	Mechanism of action

	

β-lactam AB
	Ampicillin 
	Broad spectrum, Semisynthetic penicillin
	


Interferes with cell wall synthesis


	
	Cefoperazone

	
Cephalosporin AB, Broad spectrum

	

	
	Ceftriaxone
	
	

	
	Penicillin
	Narrow spectrum acting on Gram positive bacteria
	

	
Glycopeptide
	
Vancomycin
	Acts on methicillin resistance S.aureus&Clostridiumdefficile
	Interferes with cell wall synthesis


	
Polypeptide AB
	
Bacitracin
	Acts on Gram positive bacteria like staphylococci and streptococci
	Interferes with cell wall synthesis


	Macrolide
	Azithromycin 
	
Broad spectrum

	



Inhibit protein synthesis


	
	Erythromycin
	
	

	
	Rifampicin
	
	

	Aminoglycoside
	Kanamycin
	
Broad spectrum

	

	
	Neomycin
	
	

	
	Streptomycin
	
	

	
	Tobramycin
	Acts mainly on Gram negative bacteria like Pseudomonas but can act on Gram positive also
	

	Amynocyclitol
	Spectinomycin
	Broad spectrum

	Inhibit protein synthesis


	
Flouoroquinolone
	Levofloxacin
	

Broad spectrum 
	
Inhibit key enzymes of DNA replication

	
	Ofloxacin
	
	

	
	Pefloxacin
	
	

	Quinolone
	Nalidixic acid
	Narrow spectrum acting on Gram negative bacteria

	Inhibit key enzymes of DNA replication





3.0 RESULTS & DISCUSSION
	
In the antibiogram study of 45 bovine mastitic isolates, which included 22 Streptococcus spp followed by 18 Staphylococcus spp while 5 Gram negative isolates (Table 2) are presented in tabular form and discussed below:

3.1 Antimicrobial susceptibility of bacterial isolates of bovine mastitis
	AMS of bacterial isolates (45) of bovine mastitis such as species ofStreptococcus(22), Staphylococcus(18) and Gram negative bacteria (5) was performed through disc diffusion assay methodand results obtained were compared with standard CLSI table and then expressed them as susceptible or intermediate or resistance

3.1.1 AMS of Streptococcus species isolated from bovine mastitic milk
All the 22 Streptococcus species, out of which Sreptococcus uberis(10)and Streptococcus agalactiae(12)  when subjected to AMS to 18 antibiotics, both the species showed 100 % resistance to both pefloxacin and penicillin. Penicillin though narrow spectrum acting on Gram positive bacteria, Streptococcus spp. did not show sucesptibility indicating their resistance power. Streptoccoccus spp. resisted rifampicin(82%), bacitracin(77%), vancomycin(73%), ampicillin, azithromycin, ceftriaxone, kanamycin & neomycin all at 68%.
Irrespective of the mode of action of antibiotics like interfering with cell wall synthesis or protein synthesis or DNA replication, Streptoccoccus spp resisted many antibiotics. Among the two species of Streptococcus, Streptococcus agalactiae was more resistant torifampicin (50%) followed by cefoperozne &kanamycin (both at 41%) as well as to erythromycin (36.5%) compared to S.uberis. Around 55% of Streptococcus spp expressed sensitivity towards levofloxacin followed by tobramycin (54%), ofloxacin (50%) and Azithromycin (32%). S.agalactiae was sensitive to tobramycin (36%), levofloxacin (32%), oxafloxacin (32%) and streptomycin (22.5%) compared to S.uberis. Only for nalidixic acid (22.5%) and spectinomycin(18.5%), S.uberis showed better resistance than S.agalactiae(Table 4).
A similar study conducted by Preethirani et al (2015), onAMS using the disc diffusion method forStreptococcussppobtained from CMT positive milk samples and found resistance to antibiotics penicillin, ampicillin, streptomycin, ceftriaxone with 88.6 %, 82.9 %, 91.4 %, 45.7 % respectively. Camara et al (2013) studied the antibiotic resistance among 40 isolates of Streptococcus pyogenes to various antibiotics like azithromycin, erythromycin, ceftriaxone, levofloxacin, penicillin, vancomycin and obtained susceptibility of 100 %. While erythromycin susceptibility of 97.5 %, intermediate susceptibility of 2.5 % was observed in Streptococcus pyogenes.Prameela et al (2020) when subjected the 2174 Gram positive bacterial isolates for AMS showed resistance to amikacin - 90.43 % followed by kanamycin - 88.36 %, streptomycin - 87.49 %, tetracycline - 79.62 %, gentamycin -75.30 %, penicillin - 60.17 %, ciprofloxacin - 52.48 %, enrofloxacin -4 8.80 %, ampicillin - 45.08 % and amoxycillin - 36.43%.













Table 4: Antibiogram of Streptococcus species (22 nos.) obtained from CMT positivemilk samples

	Sl.
No.
	Antibiotic
	Concentration
(mcg)
	  Names of the species of Streptococcus 

	
	
	
	SU
	SA
	T
	SU
	SA
	T
	SU
	SA
	T

	
	
	
	Antibiotic sensitivity pattern of isolates in Percent

	
	
	
	Susceptible
	Intermediate
	Resistant

	1
	Ampicillin
	10
	9
	18
	27
	0
	5
	05
	36
	32
	68

	2
	Azithromycin
	15
	14
	18
	32
	0
	0
	00
	32
	36
	68

	3
	Bacitracin
	10 units
	5
	18
	23
	0
	0
	00
	41
	36
	77

	4
	Cefoperazone
	75
	4.5
	4.5
	09
	27
	9
	36
	14
	41
	55

	5
	Ceftriaxone
	30
	4.5
	0
	4.5
	4.5
	23
	27.5
	36
	32
	68

	6
	Erythromycin
	15
	0
	0
	00
	27
	18
	45
	18.5
	36.5
	55

	7
	Kanamycin
	30
	9
	5
	14
	9
	9
	18
	27
	41
	68

	8
	Levofloxacin
	05
	23
	32
	55
	13.5
	4.5
	18
	9
	18
	27

	9
	Nalidixic acid
	30
	22.5
	9
	31.5
	0
	22.5
	22.5
	23
	23
	46

	10
	Neomycin
	10
	0
	14
	14
	9
	9
	18
	36
	32
	68

	11
	Ofloxacin
	05
	18
	32
	50
	0
	0
	00
	27
	23
	50

	12
	Pefloxacin
	05
	0
	0
	00
	0
	0
	00
	45
	55
	100

	13
	Penicillin
	10 units
	0
	0
	00
	0
	0
	00
	45
	55
	100

	14
	Rifampicin
	05
	0
	4.5
	4.5
	13.5
	0
	14
	32
	50
	82

	15
	Spectinomycin
	100
	18.5
	9
	27.5
	0
	18.5
	18.5
	27
	27
	54

	16
	Streptomycin
	25
	14
	22.5
	36.5
	9
	0
	09
	22.5
	32
	54.5

	17
	Tobramycin
	10
	18
	36
	54
	14
	9
	23
	14
	9
	23

	18
	Vancomycin
	30
	4.5
	13.5
	18
	9
	0
	09
	32
	41
	73



Note:
· SU - Streptococcus uberis; SA - Streptococcus agalactiae;T – Total
· Antibiotic sensitivity pattern of the isolates expressed is based on CSLI(2017) [Table 2]





3.1.2Antimicrobial susceptibility (AMS) of Staphylococcus isolates of bovine mastitis
Among the 18 Staphylococcal sp. subjected to AMS to the 18 antibiotics, two antibiotics such as pefloxacin and pencillin showed 100 % resistance to all the Staphylococcus spp similar to Streptococcus spp indicating their resistance nature. Other antibiotics resisted by the species of Staphylococcus are bacitracin(83%), azithromycin &kanamycin (both at 78%), ampicillin, ceftriazone & erythromycin (72%), cefoperazone, rifampicin & streptomycin (67%), neomycin(66%) and nalidixic acid, ofloxicin & vancomycin (61%). Among the Staphylocccus spp., S.equorum showed more resistance to azithromycin &neomycin (both at 33%) and to ampicillin, bacitracin, ofloxicin & rifampicin (28%) compared to other species of Staphylococcus.  While S.epidermidis resisted kanamycin and streptomycin at 28% also. Regarding susceptibility for antibiotics, on the whole, Staphylococcus spp were susceptible to levofloxacin & tobramycin(55%) followed by ofloxicin, spectinomycin & vancomycin(28%) and  azithromycin, nalidixic acid & streptomycin (22%).  Out of Staphylococcus spp (18),S.equorum(6) and S.epidermidis(6)expressed better sensitivity to levomycin (22%) and tobramycin (22% & 16%). S.equorum  also was susceptible at 17% to spectinomycin and vancomycinwhereas S.epidermidis  to ampicillin (16.5%). Among the species of Staphylococcus, S.aureus(3)seemed to be the most resistant bacteria against all most all the antibioticsexpressing very minimal susceptibility to few antibiotics like azithromycin, levofloxacin, ofloxacin & spectinomycin(5.5%) and nalidixic acid (11%)[Table 5].
In comparison to the present study, Preethirani et al (2015) used disc diffusion method for AMS and according to them, S. aureus (7.3 %)resistedpenicillin, ampicillin, streptomycin, ceftriaxone  by 85 %, 71.4 %, 78.6 % and 71.43 %, respectively.
S. aureus isolates isolated from mastitis-positive milk samples collected from Uba Debretsehay District, Southern Ethiopia,showed no susceptibility (0%) to penicillin G or tetracycline,but exhibited 100% susceptibility to amoxicillin-clavulanate, cefoxitin, ciprofloxacin, chloramphenicol, oxacillin, trimethoprim-sulphamethoxazole, and gentamicin (Shille et al., 2025). 

3.1.3 Antimicrobial susceptibility (AMS) of Gram negative isolates of bovine mastitis

Gram negative isolates of bovine mastitisresisted 100% to penicillin and streptomycin followed by 80% to streptomycin, 60% to ampicillin, erythromycin, vancomycin.In this resistance to penicillin (acts on Gram positive bacteria) is understandable as these pathogens are Gram negative in nature.Out of Gram negative isolates (5), Escherichia coli(3) expressed more resistance and sensitivity to certain antibiotics compared to Salmonellaenterica(1) and Acaligenes sp (1). Around 60% resistance of E.coli was towards bacitracin, penicillin and streptomycin while 40% resistance to ampicillin and erythromycin.S.enterica and Alcaligenes sp both commonly resisted pefloxacin, penicillin, streptomycin and vancomycin by 20%. Among the 18 antibiotics, the Gram negative isolates of bovine mastitis were 100% susceptible to ofloxicin followed by levofloxacin(80%) as both the antibiotics prevented DNA replication and 60% to three antibiotics such as azithromycin, spectinomycin and tobramycin, which led to inhibit protein synthesis of pathogens. E.coli  was found to be more susceptible to levofloxacin, oflaxicin, pefloxicin & spectinomycin at 60% while 40% to azithromycin, kanamycin & tobramycin compared to S.enterica and Alcaligenes sp (Table 6).
According to Kalmus(2011).E. coli(n = 321; 15.9%) showed 98.4% susceptibility to enrofloxacin and 100 % to cefoperazone.  Preethirani et al (2015) observed that E. coli (255)developed resistance to antibiotic penicillin, ampicillin, streptomycin with 100 %, while for the ceftriaxone with 42 % (Table 5).
Prameela et al (2020) depicted high sensitivity to enrofloxacin -65.20%, ciprofloxacin - 57.96%, amoxycillin - 54.78%, gentamycin - 49.04%, ampicillin-35.35%, streptomycin - 33.44 %, tetracycline - 33.44 %, amikacin - 30.89%, pencillin-23.25% and kanamycin -21.34%, respectively to Gram negative bacterial isolates (314).

Table 5: Antibiogram of Staphylococcus species (18 nos.) obtained from CMT positive milk samples												
	Sl. No

	Antibiotic
	Concentration
      (mcg)
	                                                         Names of species of Staphylococcus

	
	
	
	SD
	SG
	SE
	SC
	SA
	SEP
	T
	SD
	SG
	SE
	SC
	SA
	SEP
	T
	SD
	SG
	SE
	SC
	SA
	SEP
	T

	
	
	
	Antibiotic sensitivity pattern of isolates in Percent

	
	
	
	Susceptible
	Intermediate
	Resistant

	1
	Ampicillin
	10
	0
	5.5
	5.5
	0
	0
	16.5
	28
	0
	0
	0
	0
	0
	0
	0
	5.5
	0
	28
	5.5
	16.5
	17
	72

	2
	Azithromycin
	15
	0
	5.5
	0
	0
	5.5
	11
	22
	0
	0
	0
	0
	0
	0
	0
	6
	0
	33
	6
	11
	22
	78

	3
	Bacitracin
	10 units
	0
	0
	6
	0
	0
	11
	17
	0
	0
	0
	0
	0
	0
	0
	5.5
	5.5
	28
	5.5
	16.5 
	22
	83

	4
	Cefoperazone
	75
	0
	0
	0
	0
	0
	0
	0
	0
	0
	11
	0
	5.5
	16.5
	33
	5.5
	5.5
	22
	6
	11
	17
	67

	5
	Ceftriaxone
	30
	0
	0
	0
	0
	0
	6
	6
	0
	5.5
	11
	0
	0
	5.5
	22
	5.5
	0
	22
	5.5
	17
	22
	72

	6
	Erythromycin
	15
	0
	0
	0
	0
	0
	0
	0
	0
	6
	11
	0
	0
	11
	28
	5.5
	0
	22
	5.5
	17
	22
	72

	7
	Kanamycin
	30
	0
	0
	5.5
	0
	0
	5.5
	11
	0
	5.5
	0
	0
	5.5
	0
	11
	5.5
	5.5
	22
	6
	11
	28
	78

	8
	Levofloxacin
	05
	5.5
	0
	22
	0
	5.5
	22
	55
	0
	0
	5.5
	5.6
	0
	6
	17
	0
	5.5
	5.5
	0
	11
	6
	28

	9
	Nalidixic acid
	30
	0
	0
	5.5
	5.5
	11
	0
	22
	0
	0
	6
	0
	0
	11
	17
	5.5
	5.5
	22
	0
	6
	22
	61

	10
	Neomycin
	10
	0
	0
	0
	0
	0
	0
	0
	5.5
	5.5
	0
	6
	6
	11
	34
	0
	0
	33
	0
	11
	22
	66

	11
	Ofloxacin
	05
	0
	0
	5.5
	5.5
	6
	11
	28
	0
	5.5
	0
	0
	0
	5.5
	11
	6
	0
	28
	0
	11
	16
	61 

	12
	Pefloxacin
	05
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5.5
	5.5
	33
	6
	17
	33
	100

	13
	Penicillin
	10 units
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5.5
	5.5
	33
	6
	17
	33
	100

	14
	Rifampicin
	05
	0
	0
	0
	0
	0
	11
	11
	0
	5.5
	5.5
	5.5
	5.5
	0
	22
	6
	0
	28
	0
	11
	22
	67

	15
	Spectinomycin
	100
	0
	5.5
	17
	0
	5.5
	0
	28
	0
	0
	11
	0
	0
	11
	22
	5.5
	0
	6
	5.5
	11
	22
	50

	16
	Streptomycin
	25
	0
	5.5
	0
	5.5
	5.5
	5.5
	22
	0
	0
	11
	0
	0
	0
	11
	6
	0
	22
	0
	11
	28
	67

	17
	Tobramycin
	10
	5.6
	5.5
	22
	6
	0
	16
	55
	0
	0
	11
	0
	6
	11
	28
	0
	0
	0
	0
	11
	6
	17

	18
	Vancomycin
	30
	0
	0
	17
	0
	0
	11
	28
	0
	0
	5.5
	0
	5.5
	0
	11
	5.5
	6
	11
	5.5
	11
	22
	61



Note: SD - Staphylococcus delpheni; SG - S.gallinarum; SE - S.equorum; SC – S.carnosus ; SA - S.aureus; 
          SEP – S.epidermidis









Table 6: Antibiogram of Gram negative bacterial isolates (5 nos.) obtained from CMT positive milk samples
	Sl. No

	Antibiotic
	Concentration
      (mcg)
	                                 Names of species of Gram negative bacteria

	
	
	
	EC
	SAL
	ALC
	T
	EC
	SAL
	ALC
	T
	EC
	SAL
	ALC
	T

	
	
	
	Antibiotic sensitivity pattern of isolates in Percent

	
	
	
	Susceptible
	Intermediate
	Resistant

	1
	Ampicillin
	10
	0
	0
	20
	20
	20
	0
	0
	 20
	40
	20
	0
	60

	2
	Azithromycin
	15
	40
	20
	0
	60
	0
	0
	0
	00
	20
	0
	20
	40

	3
	Bacitracin
	10 units
	0
	0
	0
	00
	0
	20
	0
	20
	60
	0
	20
	80

	4
	Cefoperazone
	75
	0
	0
	0
	00
	60
	0
	20
	80
	0
	20
	0
	20

	5
	Ceftriaxone
	30
	0
	20
	0
	20
	60
	0
	0
	60
	0
	0
	20
	20

	6
	Erythromycin
	15
	0
	0
	0
	00
	20
	20
	0
	40
	40
	0
	20
	60

	7
	Kanamycin
	30
	40
	0
	0
	40
	0
	20
	20
	40
	20
	0
	0
	20

	8
	Levofloxacin
	05
	60
	20
	0
	80
	0
	0
	0
	00
	0
	0
	20
	20

	9
	Nalidixic acid
	30
	20
	0
	20
	40
	20
	20
	0
	40
	20
	0
	0
	20

	10
	Neomycin
	10
	0
	0
	20
	20
	60
	20
	0
	80
	0
	0
	0
	0

	11
	Ofloxacin
	05
	60
	20
	20
	100
	0
	0
	0
	0
	0
	0
	0
	0

	12
	Pefloxacin
	05
	60
	0
	0
	60
	0
	0
	0
	0
	0
	20
	20
	40

	13
	Penicillin
	10 units
	0
	0
	0
	0
	0
	0
	0
	0
	60
	20
	20
	100

	14
	Rifampicin
	05
	0
	0
	20
	20
	20
	20
	0
	40
	40
	0
	0
	40

	15
	Spectinomycin
	100
	60
	0
	0
	60
	0
	20
	0
	20
	0
	0
	20
	20

	16
	Streptomycin
	25
	0
	0
	0
	0
	0
	0
	0
	0
	60
	20
	20
	100

	17
	Tobramycin
	10
	40
	20
	0
	60
	0
	0
	20
	20
	20
	0
	0
	20

	18
	Vancomycin
	30
	20
	0
	0
	20
	20
	0
	0
	20
	20
	20
	20
	60



























Note: EC – Escherichia coli; SAL – Salmonella enterica; ALC – Alcaligenes sp.






3.1.4 AMS of species of Streptococcus, Staphylococcus, Gram negative isolates such as Escherichia, Salmonella and Alcaligenes:

The major mastitic pathogen in the present study was Streptococcus spp followed by Staphylococccus spp. All the Streptococcus and Staphylococcus speciesresisted 100% to pefloxacin and penicillin in the present study. While penicillin was resisted by E.coli by 60% and 20% each by Salmonella enterica and Alcaligenes sp which may be assumed due to weakened or absent resistance mechanism.E.coli showed 60% susceptibility to pefloxacin whereasSalmonella enterica and Alcaligenes sp. resisted by 20% each.Around 55% of sensitivity was expressed by Streptococcus spp towards levofloxacin followed by tobramycin (54%), ofloxacin (50%) and Azithromycin (32%). Staphylococcus species were susceptible for levofloxacinand tobramycin.
On the contrary to the present study, majority of researchers found prevalent mastitic pathogen as Staphylococcus aureus followed by Streptococcus spp and E.coli. The in vitro antibiogram studies of the bacterial isolates obtained from mastitis milk collectedin and around Bangalore having 24% Staphylococcus aureus, 20%Escherichia coli16%Staphylococcus epidermidis and Streptococcus spp and 10%Klebsiella spp. revealed gentamicin to be most effective drug (90%) followed by enrofloxacin (88%), ciprofloxacin (85%), chloramphenicol (75%), tetracycline (60%), colistin (57%), neomycin (50%), nitrofurantoin (50%), furazolidone (50%), cephalexin (47%), penicillin (45%), streptomycin (35%) and sulphadiazine (30%) [sumati et al., 2008]. Kalmus et al (2011) found proportion of Staphylococcus aureus (20 %) and coagulase-negative staphylococci (15.4 %) resisted penicillin of 61.4 % and 38.5 %, respectively. Among the E. coli isolates (15.9 %), ampicillin, streptomycin and tetracycline resistance were observed in 24.3 %, 15.6 % and 13.5 % of the isolates, respectively.
Bhat et al.,(2017) also revealed that Staphylococcus aureus (60.87%) was the most frequently isolated bacteria from the bovine mastitic cases of Veterinary complex, RK Puri, Jammu, followed by coagulase negative Staphylococci (13.04%), Streptococcus uberis (4.35%), Streptococcus dysgalactiae (8.69%) and Escherichia coli (13.04%). The antimicrobial sensitivity of isolates revealed maximum sensitivity to enrofloxacin, gentamicin, amoxicillin/sulbactam, ceftriaxone/tazobactam, ceftizoxime, ampicillin/sulbactam and least sensitivity for oxytetracycline and penicillin. Antibiogram studies by Jyothi et al (2018) showed maximum sensitivity to ceftiofur with 60% for Staphylococcus sp. and Pseudomonas spp 58% for Streptococcus spp. and 90% for E. coli that were isolated from cross bred dry cows from in and around Hyderabad region, Telangana state. 
Gentamicin was found to be most effective drug (65.96 %) followed by enrofloxacin (63.83 %), cefotaxime + clavulanic acid (52.13 %) for 94 mastitic bacterial isolates from mastitic milk collected  in and around Meerut, Uttar Pradesh. Other moderate effective drugs were amoxicillin + sulbactam (42.55 %), ciprofloxacin (41.49 %), colistin (41.49 %), chloramphenicol (39.36 %), ampicillin + sulbactam (38.29 %). Least effective drugs were oxytetracycline (22.34 %), streptomycin (25.53 %) [Verma et al., 2018].
Even Ali et al (2021) found gentamicin and enrofloxacin as commendable antibiotics in treating mastitis caused by staphylococci,Escherichia coli, streptococci and klebsiella in northwest Pakistan, While Cheng et al (2019)in China found multidrug resistant species of S.aureus, species of Streptococcus, Klebsiella and E.coli and suggested combination of antibiotics may help in curbing mastitis. In Australia, the study conducted by Al-harbi et al(2021) revealed susceptibility of Staphylococcusspp.,Streptococcus spp, and E.colito erythromycin, penicillin and ceftofur, respectively. Pascu et al (2022) in western Romania experienced susceptibility of Gram positive mastitis causing bacteria (staphylococci, streptococci, corynebacteria and enterococci) to cephalothin whereas broad spectrum penicillin and quinolone antibiotics supressed Gram negative bacteria (enterobacter).


Gram-positive and Gram negative pathogenic bacteria were detected in 99.38% and 45.34% of clinical and subclinical mastitic milk samplesfrom Mathura, Uttar Pradesh, respectively. Mixed infection of both was detected in 38.88% samples. More than 74% of both Gram positive and Gramnegative isolates were found sensitiveagainst enrofloxacin and chloramphenicol followed by amikacin (69.44%), gentamicin (68.73%), moxifloxacin (67.87%) and levofloxacin (61.73%) [Yadav et al., 2023]. Antibiogram analysis showed that Gentamicin, Ciprofloxacin and Meropenem can be used as efficient antimicrobial agents for the treatment of bovine mastitiscaused by Staphylococcus aureus(66.67%), Escherichia coli (28.57%) Streptococcus dysgalactiae (4.76%)  of 42 mastitogenic bacteria from 47 confirmed clinical mastitis cows in Pakistan(Shakir et al., 2024).


CONCLUSION
The present study recorded high overall prevalence of Streptococcus spp followed by Staphylococcus spp., E.coli, Salmonella enterica and Alcaligenes sp obtained from CMT positive milk samples in and around Bengaluru. Although AMS test showed high resistance profilesof Streptococcus spp Staphylococcus spp as well as Gram negative isolates notably to penicillin.  Other antibiotic pefloxacin also revealed 100% resistance to both Streptococcus spp, Staphylococcus spp while E.coli, Salmonella enterica and Alcaligenes sp  resisted streptomycin highly. Species of Streptococcusand Staphylococcuswere susceptible to levofloxacin and tobramycin (both around 50%). In case of Gram negative isolates, interestingly, 100% susceptibility was observed forofloxacin.AMS in the present study, indicated high trend of resistance development among the Gram positive and Gram negative pathogenic bacterial isolates from bovine mastitis cases to major antibiotics. Keeping the herd healthy, following clean milk practices may help to prevent mastitic infection.
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