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Abstract
Mastitis caused by multi- or pan-drug resistant bacteria is a growing health concern. A total of 110 milk samples were col-
lected: Staphylococcus aureus, Streptococcus agalactiae, Streptococcus dysgalactiae, Enterococcus faecalis, and Escheri-
chia coli were present in 54/110 (49.09%), 37/110 (33.63%), 25/110 (22.72%), 7/110 (6.36%), and 50/110 (45.45%) sam-
ples, respectively. A total of 20 methicillin-resistant S. aureus (MRSA) isolates, 19 Streptococcus sp. isolates, and 15 E. 
coli isolates were selected, and 100% were positive for (coagulase and hemolysins), streptokinase, and hemolytic activity, 
respectively. A number of 11 E. coli isolates were serotyped, and the serotypes were: O26, O55, O111, O119, O124, O125, 
O127, and O158. The antimicrobial resistance index ranges for MRSA, Streptococcus sp., and E. coli were 0.49–0.83, 
0.39–0.83, and 0.56–1, respectively. The most effective antimicrobials on Gram-positive isolates were cephradine, cipro-
floxacin, doxycycline, norfloxacin, and vancomycin, while doxycycline and norfloxacin were effective on E. coli serotypes. 
All of the selected isolates exhibited slime layer production. The efflux pumps of the 12 MRSA, 12 Streptococcus sp., and 
11 E. coli isolates exhibited activity with ethidium bromide concentrations of 1, 1.5, and 0.5 µg/ml, respectively. There was 
a simultaneous antimicrobial activity of the efflux pump inhibitor chlorpromazine with amoxicillin/clavulanic acid, erythro-
mycin, and oxacillin, to which the isolates were resistant. The 12 MRSA isolates harboured the methicillin resistance genes 
mec(A,A1, and A2), mecA1, and mecC at frequencies of 9/12 (75%), 9/12 (75%), and 8/12 (66.7%), respectively, and the 
penicillin resistance gene BlaZ was present at a frequency of 5/12 (41.7%). The distributions of erm(A), erm(B), erm(C), 
erm(F), erm(G), and erm(Q) were 8/12 (66.7%), 5/12 (41.7%), 12/12 (100%), 2/12 (16.7%), 0/12 (0.0%), and 8/12 (66.7%), 
respectively. The 12 Streptococcus sp. isolates harboured mec(A, A1, and A2), mecA1, mecC, and blaZ at rates of 4/12 
(33.33%), 4/12 (33.33%), 5/12 (41.7%), and 4/12 (33.33%), respectively. The frequencies of erm(A) and erm(F) were 4/12 
(33.33%), and 9/12 (75%), respectively. The 11 E. coli isolates harboured the extended-spectrum β-lactamases integrase1, 
integrase2, blaCTX-M, blaCTX-M-1, and blaTEM at frequencies of 10/11 (90.90%), 11/11 (100%), 9/11 (81.81%), 6/11 
(54.54%), and 10/11 (90.90%), respectively. Moreover, the frequencies of erm(A), erm(B), erm(C), erm(F), erm(G), and 
erm(Q) were 7/11 (63.63%), 4/11 (36.36%), 4/11 (36.36%), 5/11 (45.45%), 10/11 (90.90%), and 10/11 (90.90%), respec-
tively. Our results demonstrated the high antimicrobial resistance of the investigated isolates and confirmed the existence of 
multiple mechanisms underlying multidrug resistance.

Keywords Mastitis pathogens · Antimicrobial resistance · Slime layer · Efflux pumps · Resistance genes

Introduction

Mastitis is a well-known threat to the dairy industry, and 
there are two forms of this disease, clinical and subclinical 
[1]. Many mastitis-causing bacteria are potentially patho-
genic that contaminate milk and cause foodborne infections. 
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Staphylococcus aureus, Streptococcus sp., and Escherichia 
coli are considered to be major mastitis-associated patho-
gens [2].

Many reports aimed to evaluate the role of raw milk and 
dairy products in the transmission of zoonotic bacterial 
pathogens in Egypt, these studies are considered as prelimi-
nary steps in tracing the source of infection. During the year 
2013, a study was conducted at Dakahlia Governorate, Egypt 
and confirmed the isolation of E. coli and S. aureus from 
market milk samples. Moreover, the two pathogens were 
isolated from raw milk samples. Both pathogens were recov-
ered from fecal samples of apparently healthy human cases, 
human cases showing diarrhea, and from fecal samples of 
apparently healthy dairy milkers. Another study was con-
ducted at Sharkia Governorate, Egypt in 2014 confirmed the 
isolation of S. aureus, Streptococcus agalactiae, Salmonella 
species, and M. bovis from milk samples. Furthermore, S. 
aureus, S. agalactiae, and Salmonellae were isolated from 
the dairy workers. Both the S. aureus and S. agalactiae were 
recovered from the milking equipments [3, 4].

In terms of economic effects, mastitis causes decreased 
animal production, increased slaughter, and increased appli-
cation of antimicrobials, which could lead to the emergence 
of antimicrobial resistance [5]. The most common antimicro-
bials are: amoxicillin, enrofloxacin, gentamicin, penicillin/
streptomycin combination, sulfonamides, and tylosin. These 
antimicrobials may be used alone or combined according 
to the severity of the infection, but decreased response and 
a high degree of recurrence were recorded. The California 
mastitis test (CMT), which relies on detergent utilization for 
detection of nucleic acids released from disrupted somatic 
cells is essential for detection of subclinical mastitis [6]. 
Identification of mastitis-causing pathogens will be benefi-
cial for appropriate diagnosis and treatment of this problem. 
S. aureus strains that produce coagulase are more virulent 
than counterparts that lack this activity [7]. Furthermore, 
the streptokinase produced by many Streptococcus sp. is a 
vital virulence-associated enzyme that facilitates the bacte-
rial invasion of host tissue [8]. Moreover, hemolytic activity 
is a crucial virulence factor for S. aureus, Streptococcus sp., 
and various E. coli serotypes. Another virulence factor is the 
slime layer, which is a polysaccharide-based extracellular 
matrix that promotes bacterial adhesion to surfaces, propa-
gation, survival, and antimicrobial resistance [9].

Antimicrobial resistance is a crisis that arose due to the 
indiscriminate utilization of antimicrobial agents and the 
absence of modern antimicrobials [10]. Resistant pathogens 
adopt multiple strategies, including lowering of cell perme-
ability, modulation of targets, degradation, and active efflux of 
antimicrobials, which reduces the intracellular concentrations 
of these agents [11]. Active efflux of antibiotics is a success-
ful resistance mechanism that is found in various antibiotic-
resistant bacteria [12]. There are five efflux pump families, 

four of which are widely distributed in both Gram-positive and 
Gram-negative bacteria: the ATP (adenosine triphosphate)-
binding cassette superfamily; the major facilitator superfamily; 
the small multidrug resistance family, which is a member of 
the large drug/metabolite transporter superfamily; and the mul-
tidrug and toxic compound extrusion family. The resistance-
nodulation-division superfamily, on the other hand, is found 
only in Gram-negative bacteria [13]. The assessment of efflux 
pump activity in different bacterial species is based on the 
ability to retain the fluorescent dye ethidium bromide (EtBr) 
[14, 15]. Semi-automated fluorometric methods, such as real-
time PCR, flow cytometry, and the agar cartwheel method, 
have been used for evaluation of this activity [15, 16]. EtBr 
accumulation and efflux were evaluated under limited energy 
supply (in the absence of glucose), at low temperature, and in 
the presence and absence of the efflux pump inhibitor (EPI) 
chlorpromazine (CPZ).

Resistance to β-lactams is attributed to the presence of a 
low-affinity penicillin-binding protein (PBP) of subclass B1, 
namely, PBP2a or PBP2. The mecA gene encodes PBP2a and 
is located on a mobile genetic element known as staphylococ-
cal cassette chromosome mec [17]. The gene blaZ, which was 
first described in staphylococci encodes a β-lactamase [18]. 
The blaCTX-M gene, which is located on plasmids, encodes 
an extended-spectrum β-lactamase (ESBL). Most E. coli and 
Klebsiella pneumoniae strains that cause hospital- and com-
munity-acquired infections harbour CTX-M-type genes [19]. 
The resistance to macrolides is based on methylation of a spe-
cific adenine residue (A2058) on the 23S rRNA. This process 
perturbs the binding of macrolides, lincosamides, and strepto-
gramin B antimicrobials and is controlled by RNA methylase 
genes known as erm genes [20].

This study aimed to identify the most prevalent masti-
tis-causing pathogens in some cattle and buffalo farms in 
Menoufia, Egypt. The detection of some virulence factors 
and slime layer production were conducted, added to that, 
the phenotypic antimicrobial resistance patterns using 18 
antimicrobials were detected as well. Furthermore, detection 
of β-lactam resistance genes in S. aureus (MRSA) and Strep-
tococcus sp., ESBLs in E. coli, and macrolide-lincosamide-
streptogramin B methylases were performed. The perception 
of the active efflux pumps to amoxicillin/clavulanic acid, 
erythromycin, and oxacillin was detected using ethidium 
bromide, and the activity was confirmed by using the EPI 
CPZ.

Materials and methods

Sampling and mastitis diagnosis

A total of 110 milk samples were collected and had the fol-
lowing distribution: 30 cattle samples, including 5, 10, and 



Molecular Biology Reports 

1 3

15 samples from healthy, clinically mastitic, and subclini-
cally mastitic cases, respectively, and 80 buffalo samples, 
including 5, 20, and 55 samples from healthy, clinically 
mastitic, and subclinically mastitic cases, respectively. 
The selection of farms was based on mastitis prevalence, 
annual turnover, and the feasibility of communication with 
these farms. The mastitic cases were not treated with anti-
microbials before the sampling process. The criteria used 
for animal categorization based on the existence of obvious 
inflammation of udder in the clinically mastitic cases, while 
the subclinically mastitic cases expressed no inflammatory 
signs but there was a general complaining of decreased milk 
yield (with normal feed intake, body condition, and absence 
of any suspicious cause of the decreased milk production), 
and finally the healthy cases showed no inflammation and 
normal milk yield. Before sampling, the udder of every case 
was washed with clean water and soap, then application 
of antiseptic 70% ethyl alcohol using a cotton swab. The 
first milk strips were discarded and a volume of 10 ml was 
collected in a sterile Falcon tube. The milk was collected 
from an inflamed quarter of clinically mastitic cattle, and 
the quarter showing positive California mastitis test without 
any inflammation of healthy cases which could be expected 
to be subclinically mastitic cases, and from all quarters of 
the cases showing normal milk production. The collected 
tubes were labeled for elucidating the number and locality 
of cases. The collected milk was transferred to the laboratory 
of bacteriology, mycology, and immunology at the faculty of 
Veterinary Medicine, University of Sadat city in a cool box 
with ice. The collected samples from the four quarters of the 
healthy cases with normal milk yield were equally mixed in 
one tube. All the samples were tested and confirmed by the 
CMT as described by Elsayed et al. [7], the CMT reagents 
were supplied by (Immucell Corporation, Portland, ME 
04103, USA). The collection of samples was carried out in 
a period from May 2015 to June 2016 from different cattle 
and buffalo farms (apart from each other) at Ashmoun City, 
Menoufia Governorate.

Isolation and identification

Isolation was performed on specific media: Edwards medium 
(Oxoid, New York, USA) for Streptococcus sp., Compass 
Enterococcus agar (Biokar Diagnostics, France) for entero-
cocci, eosin methylene blue agar medium (Oxoid, New York, 
USA) for E. coli, and mannitol salt agar medium (Oxoid, 
New York, USA) for S. aureus. The isolated S. aureus was 
confirmed based on the yellow colonies on Mannitol salt 
agar medium, Gram-positive cocci arranged in grape-like 
appearance, positive catalase test, positive result to coagu-
lase test, and positive result to deoxyribonuclease (DNase) 
test as described by Elsayed et al. [7], and MRSA isolates 
were confirmed based on resistance to cefoxitin and oxacillin 

[21]. Streptococci were identified based on microscopical 
appearance as S. agalactiae showing Gram-positive coocci 
arranged in short and long chains, catalase and oxidase nega-
tive, negative fermentation to arabinose and cellobiose while 
positive to fructose, galactose, glucose, glycerol, and hip-
purate, added to that it was negative to esculin hydrolysis 
as described by Cheng et al. [22], while the identification 
of enterococci was based on microscopical appearance as 
Enterococcus faecalis show Gram-positive cocci arranged in 
chains, catalase and oxidase negative, positive fermentation 
to cellobiose, galactose, and glucose. Added to that, it was 
positive for esculin hydrolysis as confirmed by the differen-
tial biochemical results recorded by Odierno et al. [23]. The 
E. coli identification was based on isolation on eosin meth-
ylene blue agar and appearance of colonies showing metal-
lic sheen, then the appearance of Gram-negative rods after 
microscopical examination, positive result for indole and 
methyl red tests, negative Voges-Proskauer, and Simmons 
citrate as described by Osman et al. [24]. The tube coagulase 
test was performed by emulsification of 0.3 ml of S. aureus 
nutrient broth culture and 0.5 ml of citrated rabbit plasma, 
followed by incubation at 37 °C for 24 h and examination 
over 6 h for clot formation, as described by Elsayed et al. 
[7]. The coagulase test results were interpreted as follows: 
the isolate considered negative when the tube shows no evi-
dence of fibrin formation and coagulation, grade one posi-
tive when the tube shows small unorganized clotting, grade 
two positive when the tube shows a small and organized 
clot, grade three positive when the tube expresses a large 
organized clot, and grade four positive when the tube shows 
entire clotting with difficulty in clot displacement when the 
tube is inverted. Streptokinase activity was detected by mix-
ing 0.5 ml of Streptococcus spp. culture supernatant with an 
equal volume of diluted (1:5) human plasma (Merck, Ger-
many) and coagulase-positive S. aureus culture supernatant. 
Then, the cells were incubated at 37 °C, and the results were 
recorded hourly for 6 h. The absence of coagulation indi-
cated a positive reaction [25]. E. coli serotyping based on 
somatic (O) and flagellar (H) antigens was performed using 
rapid diagnostic E. coli antisera (DENKA SEIKEN Co., 
Tokyo, Japan) for diagnosis of enteropathogenic types. All 
of the obtained isolates were tested for hemolytic activity on 
sheep blood agar [24] with 10% defibrinated blood (Rock-
land Immunochemicals Inc., Pottstown, PA 19464, USA).

Biofilm production assay

The isolate of interest was cultivated in tubes containing 
30 ml of tryptic soy broth (TSB), (Sigma-Aldrich Chemie 
GmbH, Munich, Germany) and incubated for 18 h at 37 °C. 
The tubes were centrifuged at 12,000×g for 5 min, and the 
pellet was washed twice with 30 ml of TSB. Then, the bac-
terial density was adjusted to 1 × 106 colony-forming units 
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(CFU)/200 μl of TSB containing 0.25% glucose using a 
spectrophotometer (Boeco S-300, Hamburg, Germany) at 
600 nm. Then, a volume of 200 μl of TSB containing 1 × 106 
CFU was dispensed in 96-well polystyrene microplates and 
incubated at 37 °C for 24 h. The medium was discarded, and 
the plates were washed three times with phosphate-buffered 
saline (pH 7.4), (ThermoFisher Scientific, Waltham Mas-
sachusetts, USA) and dried at 45 °C for 20 min. The plates 
were stained with 1% crystal violet (200 μl), (Sigma-Aldrich 
Chemie GmbH, Munich, Germany) for 15 min, washed three 
times with distilled water and dried at 45 °C for 20 min, and 
then, 200 μl of absolute ethanol was added. Then, 150 μl 
from each well was transferred to another plate and the 
absorbance was measured at 630 nm using a microplate 
reader (ELISA reader ELX800, BioTek, Bad Friedrichshall, 
Germany). The isolates were considered positive if the aver-
age OD values were higher than the average OD value of 
the negative control (S. agalactiae < 0.1). S. epidermidis 
NRS101 was used as a positive control (values > 0.1) [9, 
26]. The isolate considered weak, moderate, and strong 
biofilm producer when the OD < 0.2, 0.2–0.4, and > 0.4 
respectively [27]. Each isolate was tested three times and the 
results were expressed as the standard deviation of means.

Antimicrobial susceptibility profiles

The isolates were cultivated on Muller-Hinton broth (Oxoid, 
New York, USA) for 18 h at 37 °C, and the bacterial count 
was adjusted to 1 × 106 CFU/ml using a spectrophotometer. 
Briefly, a heavy inoculum from the isolate under test was 
cultivated in 10 ml of Muller-Hinton broth. The bacterial 
density OD/1 ml was detected using the spectrophotometer 
and the obtained OD value was compensated in the free 
online equation available at https ://www.chem.agile nt.com/
store /bioca lcula tors/calcO DBact erial .jsp, then the cultivated 
Muller-Hinton broth was diluted with sterile broth to reach 
the concentration of 1 × 106 CFU/ml. A 1 ml aliquot of the 
adjusted bacterial culture was spread onto plates contain-
ing Mueller–Hinton agar (Oxoid, New York, USA), and the 
plates were kept to dry up for 20 min at 45 °C. The disc 
diffusion method was performed using the following anti-
microbials: amoxicillin/clavulanic acid (AMC30), ampicillin 
(AM10), cefotaxime (CTX30), cephradine (CE30), chloram-
phenicol (C30), ciprofloxacin (CIP5), clindamycin (DA2), 
cloxacillin (CX1), doxycycline (DO30), erythromycin (E15), 
gentamicin (CN10), nalidixic acid (NA30), norfloxacin 
(NOR10), oxacillin (OX1), penicillin (P10), streptomycin 
(S10), sulphamethoxazole-trimethoprim (SXT25), vanco-
mycin (VA10), and cefoxitin (Fox 10) was used to confirm 
MRSA with oxacillin. The plates were kept at 37 °C for 
16–18 h, and the inhibition zones were measured for all 
the antimicrobials except oxacillin and vancomycin which 
were interpreted after 20 h. The results were recorded as 

susceptible, intermediate, or resistant [28]. The multiple 
antimicrobial resistance (MAR) index was calculated as a 
percentage of effective types to the total used antimicrobi-
als [29, 30].

Accumulation assay

Multiple-drug resistant (MDR) isolates were cultivated and 
pelleted, and the bacterial density was adjusted to 1 × 106 
CFU/ml. Then, glucose (Sigma-Aldrich Chemie GmbH, 
Munich, Germany) was added at a concentration of 0.4% 
(v/v), and 1 ml aliquots were transferred to 1.5 ml tubes (in 
presence of glucose and with incubation at 37 °C to optimize 
efflux). EtBr (Sigma-Aldrich Chemie GmbH, Munich, Ger-
many) was added at concentrations ranging from 0.5 to 6 µg/
ml. The tubes were incubated at 37 °C for 1 h [31] and then 
examined under a UV transilluminator [32]. The efficiency 
of the accumulation assay was confirmed by the integration 
of internal positive control from the tested MRSA, S. aga-
lactiae, E. faecalis, and E. coli.

The effect of efflux pump inhibitor (EPI)

The efflux pump inhibitor (EPI) made in tubes was a modi-
fication of the EPI microplate assay and cartwheel method. 
The MDR isolates were grown in tubes containing 50 ml 
of Muller-Hinton broth (Oxoid, New York, USA). The iso-
lates were centrifuged at 12,000×g for 3 min; the pellet 
was washed twice with the same volume of broth, and the 
bacterial density was adjusted to 1 × 106 CFU/ml using a 
spectrophotometer at 600 nm (OD600). Each isolate was 
tested under the following growth conditions: 1 ml of broth 
with 1 × 106 CFU/ml, 1 ml of broth with 1 × 106 CFU/ml 
plus 20 mg/l CPZ (Sigma-Aldrich Chemie GmbH, Munich, 
Germany), 1 ml of broth with 1 × 106/ml plus erythromy-
cin, 1 ml of broth 1 × 106 CFU/ml plus erythromycin and 
20 mg/l CPZ after 1 h, 1 ml of broth with 1 × 106 CFU/ml 
plus amoxicillin/clavulanic acid, 1 ml of broth with 1 × 106 
CFU/ml plus amoxicillin/clavulanic acid and 20 mg/l CPZ 
after 1 h, 1 ml of broth with 1 × 106 CFU/ml plus oxacillin, 
1 ml of broth with 1 × 106 CFU/ml plus oxacillin and 20 mg/l 
CPZ after 1 h. The tubes were incubated at 37 °C for 18 h. 
The effect of CPZ was determined by comparing the bac-
terial density in the tubes containing no antibiotic disc or 
CPZ with those containing antibiotic disc alone and those 
containing the antibiotic disc plus CPZ. The CFU in each 
tube was determined with a spectrophotometer at 600 nm 
(OD600) [32]. Each isolate was tested three times and the 
results were expressed as the standard deviation of means. 
The results were confirmed by the cartwheel method using 
Muller-Hinton agar plates with different concentrations of 
ethidium bromide [16]. The efficiency of EPI-based tube 
assay and cartwheel method was observed by the integration 

https://www.chem.agilent.com/store/biocalculators/calcODBacterial.jsp
https://www.chem.agilent.com/store/biocalculators/calcODBacterial.jsp
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of internal positive control from the tested MRSA, S. aga-
lactiae, E. faecalis, and E. coli.

DNA extraction and molecular detection of various 
antimicrobial resistance genes

The isolates were cultivated on nutrient agar plates for 24 h 
at 37 °C. The QIAamp Kit (Qiagen, Germantown Road Ger-
mantown, USA) was used according to the manufacturer’s 
instructions for DNA extraction. The PCR volume was 25 μl, 
and the reaction mixture was composed of 12.5 μl of ready-
to-use master mix supplied by (Takara Holdings, Japan), 
0.5 μl of each upstream and downstream primer (50 pmol/μl) 
listed in Table 1 and supplied by (Takara Holdings, Kyoto, 
Japan), 2 μl of bacterial genomic DNA (100.000 ng/µl), and 
9.5 μl of RNase-free water. The efficiency of PCR amplifi-
cation was observed by the integration of internal positive 
control from the tested MRSA, S. agalactiae, E. faecalis, an 
E. coli, while RNase-free water was used as a negative con-
trol to every PCR reaction [33]. The thermocycling program 
was adjusted according to the data presented in Table 1. 
Five-microlitre aliquots of the PCR products were electro-
phoresed on a 1.2% agarose gel, which was then stained with 
ethidium bromide and visualized with a UV transilluminator 
for the determination of amplicon sizes.

Clustering and detection of similarities 
between bacterial isolates

The clustering and distance measuring for calculating the 
similarities between isolates were performed. Briefly, all the 
obtained data for isolation and identification, biofilm produc-
tion assay, antimicrobial susceptibility profiles, and molecu-
lar detection of various antimicrobial resistance genes were 
recorded as numerical values. The positive result was given 
the value one, while the negative result was recorded as a 
zero value and the data were used for clustering procedure 
to facilitate the detection of the obtained data patterns of 
different isolates and to construct the dendrogram.

Data analysis

The free online calculator for chi square at https ://www.
socsc istat istic s.com/tests /chisq uare2 /defau lt2.aspx was 
used for detecting the significance of difference between 
the isolation rates of different bacterial species. Moreo-
ver, it was used to elucidate the significance of difference 
between hemolytic and non-hemolytic isolates, coagulase-
positive and negative S. aureus, and streptokinase positive 
and negative Streptococcus species. Added to that, it was 
used to detect the significance of difference between the effi-
cacy of different antimicrobials. Furthermore, it was used to 
clarify the significance of difference between the bacterial 

counts of different species alone, with CPZ EPI, and CPZ 
EPI with different ineffective antimicrobials. Added to that, 
it was used to find the significance of difference between the 
frequency of different antimicrobial resistance genes when 
p ≤ 0.05. The free online calculator for detection of means 
of the triplicate readings of slime layer and EPI-based tube 
assay available from https ://www.calcu lator soup.com/calcu 
lator s/stati stics /avera ge.php, was used. The free online tool 
for calculating the standard deviation of means of slime layer 
microtiter plate readings, available from https ://www.calcu 
lator .net/stand ard-devia tion-calcu lator .html?numbe rinpu 
ts=0.665%2C0.661%2C0.663%2C0.662&x=60&y=19, 
was used. A dendrogram based on the phenotypic diversity, 
antimicrobial resistance profiles, and antimicrobial resist-
ance genes of strains was constructed using the BioNumerics 
software v. 6.6 (Applied Maths, Sint-Martens-Latem, Bel-
gium). The dendrogram was constructed by the unweighted 
pair group method with arithmetic mean using the default 
configuration with both position tolerance and optimization 
of 1%.

Results

Isolation and identification of different isolates

A total of 173 bacterial isolates were obtained from 110 
milk samples, and the distribution was as follows: S. aureus, 
54/110 (49.09%) isolates which contained 14/30 (46.7%) 
isolates from cattle and 40/80 (50%) isolates from buffaloes. 
The Streptococcus spp. represented 69 isolates and con-
tained 17/30 (56.7%) from cattle and 52/80 (65%) isolates 
from buffaloes, based on the species level all the Streptococ-
cus spp. isolates were divided into 42/110 (38.1%) isolates 
of S. agalactiae, 27/110 (24.54%) isolates of Streptococcus 
dysgalactiae, added to that, 7/110 (6.36%) isolates of E. fae-
calis were obtained. Furthermore, 50/110 (45.45%) E. coli 
isolates were obtained, from these isolates 11/30 (36.7%) 
were from cattle and 39/80 (48.75%) were from buffaloes 
(Supplementary Material Table 1). There was a significant 
difference between the rates of isolation of Streptococcus 
spp., S. aureus, and E. coli with p < 0.05.

Phenotypic characteristics and virulence factors

A total of 20 multiple drug-resistant MRSA isolates were 
selected 10/30 (33.3%) from cattle and 10/80 (12.5%) from 
buffalos were obtained with a significant difference between 
them as p < 0.05. From these isolates, 11/20 (55%) formed 
yellow colonies on mannitol salt agar, while 9/20 (45%) 
formed red colonies. For the coagulase test, 20/20 (100%) 
gave positive results. Besides, hemolysis was tested on 10% 
sheep blood agar: 11/20 (55%) were alpha (α) haemolytic, 

https://www.socscistatistics.com/tests/chisquare2/default2.aspx
https://www.socscistatistics.com/tests/chisquare2/default2.aspx
https://www.calculatorsoup.com/calculators/statistics/average.php
https://www.calculatorsoup.com/calculators/statistics/average.php
https://www.calculator.net/standard-deviation-calculator.html%3fnumberinputs%3d0.665%252C0.661%252C0.663%252C0.662%26x%3d60%26y%3d19
https://www.calculator.net/standard-deviation-calculator.html%3fnumberinputs%3d0.665%252C0.661%252C0.663%252C0.662%26x%3d60%26y%3d19
https://www.calculator.net/standard-deviation-calculator.html%3fnumberinputs%3d0.665%252C0.661%252C0.663%252C0.662%26x%3d60%26y%3d19
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Table 1  Primer sequences used, PCR annealing temperatures (°C), and amplicon sizes (bp)

Targets Primers used PCR annealing 
temperature (°C)

Amplicon 
size (bp)

Accession number References

Beta-lactam resistance genes
(Staphylococcus and Strepto-

coccus sp.)

mecA, mecA1, mecA2 F: AAA AGA TAA ATC TTG 
GGG TG

R: CCT TGT TTC ATY TTG 
AGT TC

51 525 MH798862.1 [34]

mecA1 F: AAA ATC GAT GGT AAA 
GGT TGGC 

R: AGT TCT GCA GTA CCG 
GAT TTGC 

54 533 MH798869.1

mecC F: AGC CAG ATT CAT TTG 
TAC C

R: AAC ATC GTA CGA TGG 
GGT AC

54 486 NG047955.1

blaZ F: TAA GAG ATT TGC CTA 
TGC TT

R: TTA AAG TCT TAC CGA 
AAG CAG 

48 377 CP031838.1 [20]

Class 1 and 2 integrons Integrase 1 (intl1) F: CCT CCC GCA CGA TGATC 
R: TCC ACG CAT CGT CAGGC 

64 280 MK258102.1 [19]

Integrase 2 (intI2) F: GCA AAC GCA AGC ATT 
CAT TA

R: ACG GAT ATG CGA CAA 
AAA GG

64 300 MK258105.1

Extended-spectrum 
β-lactamase (E. coli)

blaCTX-M F: TTT GCG ATG TGC AGT 
ACC AGTAA 

R: CTC CGC TGC CGG TTT 
TAT C

55 500 MG581457.1

blaCTX-M-1 F: AAA AAT CAC TGC GCC 
AGT TC

R: AGC TTA TTC ATC GCC 
ACG TT

55 415 MK341546.1

Ampicillin-resistance gene blaTEM T1: CCG TGT CGC CCT TAT 
TCC 

T2: AGG CAC CTA TCT CAG 
CGA 

55 800 NG062250.1

Macrolide–lincosamide–strep-
togramin

B methylases

erm(A) F: AGT CAG GCT AAA TAT 
AGC TATC 

R: CAA GAA CAA TCA ATA 
CAG AGT CTA C

63 157 MF095625.1 [35]

erm(B) F: GGT TGC TCT TGC ACA 
CTC AAG 

R: CAG TTG ACG ATA TTC 
TCG ATTG 

65 191 MG252535.1

erm(C) F: AAT CGT GGA ATA CGG 
GTT TGC 

R: CGT CAA TTC CTG CAT 
GTT TTA AGG 

63 293 NG055988.1

erm(F) F: TCT GGG AGG TTC CAT 
TGT CC

R: TTC AGG GAC AAC TTC 
CAG C

65 424 NG047826.1

erm(G) F: GTG AGG TAA CTC GTA 
ATA AGCTG 

R: CCT CTG CCA TTA ACA 
GCA ATG 

63 255 NG047828.1

erm(Q) F: CAC CAA CTG ATA TGT 
GGC TAG 

R: CTA GGC ATG GGA TGG 
AAG TC

68 154 NG047835.1
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and 9/20 (45%) were beta (β) hemolytic with a significant 
difference between them as p < 0.05. Testing of the strepto-
kinase activity of multiple drug-resistant Streptococcus sp. 
showed that 15/19 (78.94%) were positive and 4/19 (21.05%) 
were negative with a significant difference between them as 
p < 0.05. Also, 10/19 (57.89%) were α hemolytic, and 8/19 
(42.10%) were β hemolytic. A total of 15 multiple drug-
resistant E. coli isolates were selected, and the most preva-
lent serotypes were: O26, O55, O111, O119, O124, O125, 
O127, and O158, with rates of 2/15 (13.33%), 2/15 (13.33%), 
3/15 (20%), 1/15 (6.7%), 3/15 (20%), 2/15 (13.33%), 1/15 
(6.7%), and 2/15 (13.33%), respectively. Additionally, 13/15 
(86.7%) were α hemolytic, and 2/15 (13.33%) were β hemo-
lytic with a significant difference between them as p < 0.05. 
Slime layer production was tested using the microtiter plate 
technique, and all the selected bacterial isolates (20 MRSA, 
19 streptococci, and 15 E. coli serotypes) were positive, with 
readings > 0.1.

Phenotypic antimicrobial resistance

Most of the MRSA isolates exhibited high multiple antibiotic 
resistance (MAR) indices, which ranged from 0.49 to 0.83. 
The effective antimicrobials against MRSA in descending 
order were as follows: vancomycin, 17/20 (85%); nalidixic 
acid, 8/20 (40%); doxycycline, 8/20 (40%); norfloxacin, 8/20 
(40%); chloramphenicol, 7/20 (35%); ciprofloxacin, 7/20 
(35%); cephradine, 6/20 (30%); and gentamicin, 6/20 (30%). 
There was a significant difference between the efficacy of 
vancomycin, and other antimicrobials as p < 0.05. Most of 
the isolates exhibited high MAR indices, which ranged from 
0.39 to 0.83. In addition, the most effective antimicrobials 
against Streptococcus sp. were as follows: S. dysgalactiae 
was susceptible to chloramphenicol, 4/8 (50%); cephradine, 
5/8 (62.5%); ciprofloxacin, 3/8 (37.5%); gentamicin, 3/8 
(37.5%); nalidixic acid, (4/8, 50%); norfloxacin (5/8, 62.5%); 
and vancomycin, 4/8 (50%) there was a significant difference 
between the efficacy of cephradine, norfloxacin, and other 
antimicrobials as p < 0.05. S. agalactiae was susceptible to 
ciprofloxacin, 2/8 (25%); nalidixic acid, 3/8 (37.5%); nor-
floxacin, 5/8 (62.5%), and vancomycin, 5/8 (62.5%), there 
was a significant difference between the efficacy of norflox-
acin, vancomycin and other antimicrobials as p < 0.05. E. 
faecalis was susceptible to ciprofloxacin, nalidixic acid, and 
norfloxacin, each at a rate of 2/3 (66.6%) with a significant 
difference between them and the remaining antimicrobials 
as p < 0.05. This species was susceptible to chloramphenicol, 
gentamicin, streptomycin, sulphamethoxazole-trimethoprim, 
and vancomycin at a rate of 1/3 (33.3%) each. For E. coli 
serotypes, most of the isolates exhibited a high MAR index, 
which ranged from 0.56 to 1. The most effective antimicrobi-
als in descending order were as follows: norfloxacin, 11/15 
(73.33%); doxycycline, 10/15 (66.7%); chloramphenicol, 

9/15 (60%); nalidixic acid, 9/15 (60%); and sulphamethox-
azole-trimethoprim, 6/15 (40%). There found a significant 
difference between norfloxacin and other antimicrobials as 
p < 0.05 (Supplementary Materials Tables 2–7).

The 12 MRSA isolates, 12 Streptococcus sp. isolates, 
and 11 E. coli serotypes showed efflux pump activity at 
EtBr concentrations of 1 µg/ml, 1.5 µg/ml, and 0.5 µg/ml, 
respectively. Moreover, simultaneous antimicrobial activity 
of the EPI CPZ with amoxicillin/clavulanic acid, erythro-
mycin, and oxacillin was observed, and the bacterial counts 
were lower than those observed with the antimicrobial 
alone. There was a significant difference between the CFU 
counts of bacterial isolates alone, with ineffective antimi-
crobials and EPI CPZ as p < 0.05 (Supplementary Materials 
Tables 2,3,4,8, 9, and 10; Fig. 1).

Antimicrobial resistance genes

The frequency of the methicillin resistance genes mecA, A1, 
and A2 in the 12 MRSA isolates was 9/12 (75%); the fre-
quency of mecA1 was 9/12 (75%); the frequency of mecC 
was 8/12 (66.7%); and the frequency of the penicillin resist-
ance gene blaZ was 5/12 (41.7%). In addition, the frequency 
of erm(A) was 8/12 (66.7%), erm(B) was 5/12 (41.7%), 
erm(C) was 12/12 (100%), erm(F) was 2/12 (16.7%), erm(G) 
was 0/12 (0.0%), and erm(Q) was 8/12 (66.7%). There was 

Fig. 1  Dendrogram of phenotypic characters, phenotypic and geno-
typic antimicrobial resistance profiles of 35 (12 MRSA, 12 Strepto-
coccus spp., and 11 E.coli) isolates from bovine mastitis from some 
farms in Menoufia, Egypt. Four clusters were created based on the 
phenotypic and genotypic relationship between isolates (I,n = 11; IIa, 
n = 9; IIb, n = 12; and IIc, n = 3)
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a significant difference between erm(C) and other eryth-
romycin resistance genes as p < 0.05. Moreover, the fre-
quency of the methicillin resistance genes mecA, A1, A2 
in the 12 Streptococcus spp., isolates was 4/12 (33.33%); 
the frequency of mecA1 was 4/12 (33.33%); the frequency 
of mecC was 5/12 (41.7%); and the frequency of blaZ was 
4/12 (33.33%). Furthermore, the frequency of erm(A) was 
4/12 (33.33%), erm(B) was 0/12 (0.0%), erm(C) was 0/12 
(0.0%), erm(F) was 9/12 (75%), erm(G) was 0/12 (0.0%), 
and erm(Q) was 0/12 (0.0%). There was a significant differ-
ence between the erm(F) gene and other erythromycin resist-
ance genes as p < 0.05. The frequency of class 1 integron 
encoding gene (Int1) in the 11 E. coli serotypes was 10/11 
(90.90%); the frequency of class 2 integron(Int2) was 11/11 
(100%); the frequency of the ESBL type blaCTX-M gene 
was 9/11 (81.81%); the frequency of ESBL type blaCTX-
M-1 was 6/11 (54.54%); and the frequency of ampicillin-
resistance gene blaTEM was 10/11 (90.90%). There was 
a significant difference between blaTEM and other genes 
as p < 0.05. Moreover, the frequency of erm(A) was 7/11 
(63.63%), erm(B) was 4/11 (36.36%), erm(C) was 4/11 
(36.36%), erm(F) was 5/11 (45.45%), erm(G) was 10/11 
(90.90%), and erm(Q) was 10/11 (90.90%). There located 
a significant difference between erm(G), erm(Q) and other 
erythromycin resistance genes p < 0.05 (Supplementary 
Materials Table 2,3,4, 11, 12, and 13; Figs. 2–4). Based on 
the previous results a dendrogram of phenotypic characters, 
phenotypic and genotypic antimicrobial resistance profiles 
of 35 (12 MRSA, 12 Streptococcus spp., and 11E. coli) iso-
lates was produced. Four clusters were created based on the 
phenotypic and genotypic relationship between isolates (I, 
n = 11; IIa, n = 9; IIb, n = 12; and IIc, n = 3) (Fig. 1).

Discussion

Mastitis is considered to be a major threat to public health 
and has economic importance due to the reduced productiv-
ity per capita that occurs as a result of clinical mastitis; in 
addition, the existence of harmful pathogens calls for the 
utilization of antimicrobials to treat clinical and subclinical 
mastitis, which has led to increased antimicrobial resistance 
when misuse occurs [5, 24]. The CMT results were 30/30 
(100%) for clinical mastitis and 70/80 (87.5%) for subclini-
cal mastitis, these results were consistent with recent find-
ings from Egypt [7]. The obtained 173 isolates were dis-
tributed as follows: S. aureus constituted 54/110 (49.09%), 
Streptococcus spp. which represented 69/110 (62.72%), 
including S. agalactiae, S. dysgalactiae, and E. faecalis, 
which constituted 37/110 (33.63%), 25/110 (22.72%), and 
7/110 (6.36%), respectively, these results confirmed that S. 
aureus, S. agalactiae, and S. dysgalactiae are the most com-
mon mastitis pathogens [22, 36, 37]. The isolation rate of E. 

coli was 50/110 (45.45%) which is considered the most com-
mon coliform causing mastitis [38]. The selected 20 multi-
drug resistant MRSA isolates were confirmed by testing the 
resistance to oxacillin [21].

When grown on mannitol salt agar medium, only 11/20 
(55%) of MRSA isolates formed yellow colonies and the oth-
ers gave red colonies, which was interpreted due to lacking 
the genetic ability to ferment mannitol [39]. The coagulase 
test result showed that 20/20 (100%) isolates were positive 
and confirmed the virulent nature of these isolates [40]. The 
high streptokinase production ability of Streptococcus spp. 
(15/19, 78.94%) elucidated the increased invasion ability of 
these isolates and soared virulence [8, 41]. The obtained E. 
coli serotypes were similar to those reported by Mahmoud 
et al. [42] and Radwan and Abo-Zaid [43].

The O157:H7 and the non-O157:H7 EHEC E. coli strains 
as (O26, O111 and O103) are responsible for sporadic cases 
and outbreaks all over the world. The O26: H11 EHEC 
strains are associated with fatal human infections in differ-
ent countries as USA, Japan, Australia, and many European 
countries. The hemolytic uremic syndrome is caused by the 
stx2-positive O26:H11 clone that was identified in Europe 
and exhibited worldwide dissemination [44]. Hence, the 
presence of O26 and O111 strains are of public health con-
cern. Moreover, the hemolytic activity of all the obtained E. 
coli isolates confirmed the virulent nature of these isolates 
[7]. All the MRSA, Streptococcus spp., and E. coli serotypes 
tested positive for slime layer production, which was consist-
ent with the results of Fabres-Klein et al. [9].

In terms of antimicrobial susceptibility, vancomycin was 
highly effective against the MRSA isolates at a rate of 17/20 
(85%), which was confirmed by many reports [45]. While 
the observed efficacy of ciprofloxacin was higher than that 
reported by Chen et al. [45], the sensitivity to clindamycin 
and sulphamethoxazole-trimethoprim was lower, and the 
resistance to other antimicrobials was similar to that reported 
by Sharma et al. [46], Wang et al. [47], and Kumburu et al. 
[48]. The high efficacy of norfloxacin against Streptococ-
cus spp. was confirmed by Gitau et al. [49]. Moreover, the 
efficacy of erythromycin, penicillin, and tetracycline against 
Streptococcus spp. contradicted the results of Cameron et al. 
[50].

Furthermore, the efficacy of ciprofloxacin, chlorampheni-
col, and streptomycin was lower than the results reported by 
Verma et al. [51]. The susceptibility of Streptococcus spp. 
to vancomycin was higher than the results of Kia et al. [52]. 
The susceptibility of S. agalactiae, S. dysgalactiae, and E. 
faecalis was lower than gained data by Moges et al. [53] and 
Rüegsegger et al. [54]. For E. coli, the high efficacy of nor-
floxacin, doxycycline, chloramphenicol, nalidixic acid, and 
sulphamethoxazole-trimethoprim was confirmed by many 
reports [55]. The high antimicrobial resistance indices of 
MRSA, Streptococcus, and E. coli ranged from 0.49 to 0.83, 
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0.39 to 0.83, and 0.56 to 1, respectively, and this increased 
resistance was consistent with the results of Jang [56], Ding 
et al. [57], and Mainda et al. [58]. Among the active efflux 
pumps of MRSA, sav-1866 is located on the chromosome 
and is responsible for resistance to many antimicrobials and 
EtBr. AbcA, which is present on the chromosome, is respon-
sible for resistance to oxacillin, many other β-lactam anti-
microbials, and EtBr [59]. The ABC efflux pump MsrA and 
the Vga proteins of S. aureus, which are located on plasmids, 
are responsible for resistance to erythromycin, macrolides, 
and type B streptogramins [60]. The active efflux activity 
against erythromycin in streptococci could be controlled by 
the msr gene of S. aureus, which is homologous to msr(A), 
an ATP-binding cassette gene that is associated with mac-
rolide efflux in S. aureus [61]. Mel is a homolog of msr(A) 
and is an ABC transporter that is associated with macrolide 
resistance. This gene is expressed from the same operon as 
mefA and mefE, both of which are MFS-type efflux proteins 
that confer macrolide resistance in S. agalactiae [62]. An 
additional efflux gene is lsa, which is intrinsic to E. faecalis 
and confers resistance to lincosamides and streptogramin B 
[63]. The ermB, lsa, msrc, and eatA genes were confirmed to 
be responsible for active efflux of macrolides in enterococci. 
Moreover, Chouchani et al. [64] was first who reported the 
occurrence of mefA and msrA/msrB, which are multidrug 
efflux pumps that are associated with the production of the 
TEM-1 β-lactamase, among erythromycin- and ampicillin-
resistant clinical isolates of E. faecalis. The most impor-
tant efflux pumps in E. coli are AcrAB-TolC, which confer 
resistance to β-lactams and EtBr, and AcrAD-TolC confers 
resistance to β-lactams and other components. Moreover, 
MdtEF-TolC is responsible for resistance to erythromycin 
[65]. The tube-based method used for the detection of efflux 
pump activity was based on the same principle as the EPI 
microplate assay and cartwheel method, which rely on the 
detection of fluorescence from cells that undergo EtBr efflux. 
After testing the isolates with different EtBr concentrations, 
the MRSA isolates exhibited efflux pump activity with 1 µg/
ml EtBr, which was within the range of concentrations 
reported by Martins et al. [16]. Moreover, all the Strepto-
coccus spp. exhibited activity with 1.5 µg/ml EtBr, which 
was inconsistent with the data presented by Martins et al. 
[14]. The E. coli serotypes exhibited activity with an EtBr 
concentration of 0.5 µg/ml, similar to the results reported by 
Martins et al. [16]. Chemical efflux inhibitors are possible 
alternatives for prevention of resistance generated by the 
efflux mechanism. Such molecules are expected to increase 
the intracellular concentration of antibiotics and decrease 
the minimum inhibitory concentration of the antibiotic. 
Many compounds have been reported as having inhibitory 
activity against efflux systems, including calcium channel 
blockers, such as verapamil, thioridazine, CPZ, farnesol, 

and reserpine [66]. CPZ is a colorless phenothiazine with 
neuroleptic properties [67].

There is a confirmed synergistic effect between CPZ and 
β-lactam antibiotics [68]. Furthermore, CPZ has been shown 
to affect the cell envelope of MRSA. At the gene level, CPZ 
reduces the expression of resistance genes. The synergistic 
antibacterial effect of CPZ/erythromycin and β-lactams was 
consistent with the results of Chan et al. [69]. All the isolates 
exhibited low sensitivity to amoxicillin/clavulanic acid and 
erythromycin and complete resistance to oxacillin. In con-
trast, the CFU of these isolates decreased when CPZ was 
added with these antimicrobials. These results confirmed 
the effective role of the efflux pump in providing resistance 
against these antimicrobials, which was inhibited by CPZ, 
indicating the development of susceptibility to the antimi-
crobials against which the microbe was previously resist-
ant. In the absence of resistance phenotype being reversed, 
there exists a probability that mutation was the underlying 
cause [70]. The high frequencies of mecA, A1, A2, and 
mecC explained the increased resistance to β-lactams [71]. 
Although no reports are confirming mecC-positive Strepto-
coccus spp., this is the first report that confirms the existence 
of this gene in streptococci isolated from milk.

Originally described in Staphylococci, the blaZ gene 
encodes a β-lactamase that is also expressed in Streptococci 
and Enterococci [18]. The frequency of blaZ-positive MRSA 
observed was lower than the recent report from China [20]. 
Furthermore, the frequency of erm(A) was 8/12 (66.7%), 
which was consistent with the gained S. aureus isolates from 
24 European university hospitals [72]. The frequency of 
erm(B) was 5/12 (41.7%), erm(C) was 12/12 (100%), erm(F) 
was 2/12 (16.7%), erm(G) was 0/12 (0.0%), and erm(Q) was 
8/12 (66.7%). The values for erm(B) and erm(C) were higher 
than the recent report on S. aureus isolates from Iran [73]. 
The presence of erm(F) and erm(Q) in Staphylococcus spp. 
was confirmed by Roberts [74]. The frequency of mecA 
was higher than the obtained results from China [75]. The 
presence of the blaZ gene in E. faecalis and Streptococ-
cus spp. was confirmed by Sarti et al. [18]. The frequency 
of macrolide-lincosamide–streptogramin B methylase-type 
erm(A) was 5/12 (41.7%), which was higher than the recent 
data from China [75], and the values obtained for erm(B) 
and erm(C) were lower than those obtained by Zhang et al. 
[75]. Moreover, the frequency of erm(F) was 9/12 (75%), 
which was slightly lower than the found value in S. dysga-
lactiae from animal and human origins [76]. The frequency 
of the class 1 integron encoding gene intl in E. coli was 
10/11 (90.90%), and the frequency of the gene encoding 
class 2 integron int2 was 11/11 (100%), which was similar 
to the results of E. coli isolated from young animals [77]. 
The frequency of the blaCTX-M gene was 9/11 (81.81%), 
which was higher than the recent data about E. coli isolated 
from mastitic cattle in West Bengal [78]. The frequency of 
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the blaCTX-M-1 gene was 6/11 (54.54%), which was higher 
than the value reported by Dahmen et al. [79]. The frequency 
of the blaTEM gene was 10/11 (90.90%), which was higher 
than the reported value about E. coli isolated from subclini-
cal mastitis in cattle [78]. The presence of the ermB gene in 
E. coli is consistent with the results of Nguyen et al. [80], 
while the presence of erm(A), erm(C), erm(F), erm(G), and 
erm(Q) at high rates contradict the findings of Nguyen et al. 
[80] who studied the existence of macrolide resistance genes 
in multidrug- and non–multidrug-resistant E. coli collected 
from 4 countries from France, Niger, Senegal, and Vietnam.

Additionally, the MRSA isolates coded 5, 6, 21, and 28; 
the E. faecalis isolate coded 13; and the S. agalactiae isolate 
coded 21 were phenotypically susceptible to erythromycin 
and harboured erm genes. These isolates exhibited pheno-
typic resistance to clindamycin, which could be explained 
by the presence of erm genes, as described by Levin et al. 
[81]. It also could be interpreted that these genes were inac-
tive. Taken together, the data confirmed that the emergence 
of mastitis caused by multi- or pan-drug resistant bacteria 
is a growing health concern. There is no single resistance 
mechanism underlying multidrug resistance. Resistance to 
β-lactams in many bacteria is usually a result of hydrolysis 
of the antibiotic by a β-lactamase, modification of PBPs, 
or cellular permeability. Additionally, the combined activ-
ity of efflux pumps and the production of dense biofilms 
results in unfavorable conditions and increased antimicro-
bial resistance [9, 11, 12, 17, 18]. The noticeable resistance 
to β-lactams was regarded to the existence of slime layer, 
active efflux pumps, and resistance genes in most of MRSA 
and streptococcal isolates, except for the MRSA isolate no. 
8, S. dysgalactiae isolate no. 3, S. agalactiae isolate no. 5, 
S. agalactiae isolate no. 14, S. agalactiae no. 21, and E. 
faecalis isolate no. 23, which did not harbour any genes 
encoding β-lactamases, thereby demonstrating the role of 
efflux pumps and biofilm production. However, the com-
bined presence of ESBLs, active efflux pumps, and the bio-
film production mechanism resulted in distinct resistance of 
E. coli to β-lactams. Furthermore, the presence of different 
genes controlling macrolide-lincosamide–streptogramin B 
methylases, active efflux pumps, and biofilm production 
enabled most of the bacteria to be resistant to macrolides, 
except the isolate of S. dysgalactiae no. 3 and the isolate of 
S. agalactiae no. 5, which lacked any erm genes, thereby 
demonstrating the combined role of active efflux pumps and 
biofilm production. These results are vital in stating mastitis 
control strategies and give great aid in mastitis prevention 
and dissemination.

In conclusion, the problem of antimicrobial resistance in 
mastitis-causing pathogens is serious. S. aureus, S. agalac-
tiae, S. dysgalactiae, E. faecalis, and E. coli are notorious 
causes of bovine mastitis. There are many mechanisms har-
bored by these pathogens that increase their antimicrobial 

resistance. The obtained isolates expressed a noticeable 
resistance to amoxicillin/clavulanic acid, erythromycin, 
and oxacillin. The MRSA isolates harbored the methicil-
lin resistance genes mec(A, A1, and A2), mecA1, mecC, 
penicillin resistance gene BlaZ, erm(A), erm(B), erm(C), 
erm(F), erm(G), and erm(Q). The Streptococcus spp. isolates 
harboured mec(A, A1, and A2), mecA1, mecC, blaZ, erm(A) 
and erm(F). The E. coli isolates harbored the extended-
spectrum β-lactamases integrase1, integrase2, blaCTX-M, 
blaCTX-M-1, blaTEM, erm(A), erm(B), erm(C), erm(F), 
erm(G), and erm(Q). Although antimicrobial resistance 
genes, biofilm production, and active efflux pumps repre-
sented the major causes of antimicrobial resistance. There 
is no single resistance mechanism underlying multidrug 
resistance. The elucidation of the antimicrobial resistance 
mechanisms is essential for controlling these pathogens.
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