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ABSTRACT

Mastitis is one of the most frequent and costly production diseases of dairy cattle. It is
frequently treated with broad-spectrum antimicrobials. The objectives of this work were to
investigate the prevalence of Staphylococcus aureus and Escherichia coli, find out the antimi-
crobials used in mastitis treatment, and explore the antimicrobial resistance profile including
detection of resistance genes. Bacterial species and antimicrobial resistance genes were con-
firmed by the polymerase-chain reaction. A total of 450 cows were screened, where 23 (5.11%)
and 173 (38.44%) were affected with clinical and sub-clinical mastitis, respectively. The pre-
valence of S. aureus was 39.13% (n = 9) and 47.97%(n = 83) while, E. coli was 30.43% (n = 7) and
15.60% (n = 27) in clinical and sub-clinical mastitis affected cows, respectively. The highest
antimicrobials used for mastitis treatment were ciprofloxacin (83.34%), amoxycillin (80%) and
ceftriaxone (76.67%). More than, 70% of S. aureus showed resistance against ampicillin,
oxacillin, and tetracycline and more than 60% of E. coli exhibited resistance against oxacillin
and sulfamethoxazole-trimethoprim. Selected antimicrobial resistance genes (mecA, tetK, tetL,
tetM, tetA, tetB, tetC, sull, sul2 and sul3) were identified from S. aureus and E. coli. Surprisingly, 7
(7.61%) S. aureus carried the mecA gene and were confirmed as methicillin-resistant S. aureus
(MRSA). The most prevalent resistance genes were tetK 18 (19.57%) and tetL 13 (14.13%) for S.
aureus, whereas sul1 16 (47.06%), tetA 12 (35.29%), sul2 11 (32.35%) and tetB 7 (20.59%) were
the most common resistance genes in E. coli. Indiscriminate use of antimicrobials and the
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presence of multidrug-resistant bacteria suggest a potential threat to public health.

1. Introduction

Bovine mastitis remains a highly complex production
disease. It poses a great economic challenge for the dairy
industries throughout the globe. Diverse groups of
pathogens such as bacteria, fungi and mycoplasma
have been involved as its causal agents [1]. Around
137 different organisms have been identified as the
causal agents of bovine mastitis all over the world [2].
Among them, bacteria are the most common and sig-
nificant aetiological agent of bovine mastitis occurs in
both clinical and sub-clinical forms. However, the most
frequent causal agents associated with mastitis are
Staphylococcus aureus and Escherichia coli [3].
Moreover, clinical mastitis is readily detectable based
on clinical signs (e.g. pain and/or swelling in the mam-
mary gland) and the presence of abnormal milk (e.g.
clots, wateriness). Whereas, in sub-clinical mastitis, the
clinical signs and abnormalities in milk are not detect-
able [4]. The economic losses associated with the clin-
ical and sub-clinical forms of the disease arise from
treatment costs, production loss in the form of reduced
milk production, genetic potential loss, including cul-
ling and death of the affected cows [5].

Mastitis is one of the major reasons for the exten-
sive use of antimicrobials in lactating cows [6-8].
Unfortunately, continuous selective antimicrobial
pressure for the treatment and control of bovine mas-
titis may raise the likelihood of antimicrobial-resistant
bacterial strains [7,9]. However, the emergence of
these novel antimicrobial-resistant bacteria is one of
the principal factors for the failure of recovery from
mastitis [10]. So, antimicrobial resistance to mastitic
pathogens is a well-documented major challenge for
dairy cows’ treatment and management [11].
Furthermore, indiscriminate administration of anti-
microbials without susceptibility testing as well as fail-
ure to maintain a standard therapeutic dose are
considered other significant reasons for treatment fail-
ure in mastitis [12]. These misuses of broad-spectrum
antimicrobials increase economic losses due to costly
treatment processes and also encourage the acquisi-
tion of antimicrobial resistance genes from other bac-
teria in dairy farm environments [7]. Therefore,
assessing antimicrobial resistance at the genetic level
is of utmost importance to evaluate the determinants
of antimicrobial resistance among bacterial pathogens.
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Moreover, the potential impact of antibiotic residues
in milk and transmission of resistant bacteria to
humans via the food chain has possible implications
for human health.

Exploring the antibiotic resistance pattern of mas-
titic pathogens is an urgent prerequisite for the imple-
mentation of curable therapeutic guidelines and
effective control of bovine mastitis. To date, bacterio-
logical and antimicrobial resistance studies of bovine
mastitis have not been fully performed in Bangladesh,
in particular, the molecular detection of resistance
genes is limited. Therefore, considering all the facts,
the present study was undertaken to determine the
prevalence of S. aureus and E. coli in clinical and sub-
clinical mastitis affected lactating cows and, explore
the different classes of antimicrobials administered in
the treatment of bovine mastitis. We further aimed to
evaluate the current antibiogram trend of S. aureus
and E. coli and also detect the selected antimicrobial
resistance genes of these pathogens.

2. Materials and methods
2.1. Statement of ethics and farm owner consent

The present study was performed according to the
ethical guidelines of Chattogram Veterinary and
Animal Sciences University (CVASU, Chattogram,
Bangladesh). Verbal permission from the dairy farm
owners has been taken and minimum discomforts of
lactating cows were strictly ensured during screening
of the animals and sample collection. All procedures
were carried out under the approval of the Ethics
Committee of CVASU [Approval no. CVASU/Dir
(R&E) EC/2019/41 (2/8)].

2.2, Study area and duration

The present cross sectional study was conducted in
Shikalbaha and Bandar thana of Chattogram District
from November 2018 to June 2020. The area is popu-
larly known as livestock production as well as milk
pocket area of Chattogram district. Most of the farm-
ers rear crossbred (Holstein-Friesian
x Indigenous) are mostly in intensive system for milk
production.

COWS

2.3. Study population and data collection

A total of 30 dairy farms (any farm comprised more
than 10 lactating cows) were selected based on pre-
vious history of antimicrobials used, mastitis records
and presences of clinical mastitis cases in the herd. All
the farms were sampled in morning and not more
than two farms were sampled in a single day. Pre-

tested questionnaires were used for the collection of
possible antimicrobials used in clinical and sub-
clinical mastitis treatment purposes.

2.4. Diagnosis of clinical and sub-clinical mastitis

Clinical mastitis was confirmed based on clinical signs,
including hard and inflamed udder, touch to pain,
abnormal size and consistency of mammary gland,
secretion of abnormal milk (presence of flack, clots,
wateriness and pus) and blood-stained milk. At the
same time, associated generalized clinical signs such as
raises in body temperature, dullness and depression,
loss of appetite, and sudden significant reduction of
milk production are also considered.

California Mastitis Test was performed for the
screening of sub-clinical mastitis in each individual
cow. The test was performed according to the protocol
described by Rana et al. [13]. Briefly, 2 mL of milk was
taken from individual quarters of tested cows in each
well of CMT paddles, and equal amounts of CMT
reagents were added. The test sample was mixed in
a gentle circular motion for 30 seconds. Sub-clinical
mastitis was confirmed based on CMT results, the
nature of the coagulation and the viscosity of the test
mixture. Finally, the test results were interpreted as
negative (0 or trace), weakly positive (+); distinctly
positive (+ +) and strongly positive (++ +) according
to the instructions described by Abebe et al. [14].
A cow was considered positive for sub-clinical mastitis
when samples from at least one of the udder quarters
tested positive for the California Mastitis Test (CMT)
test.

2.5. Milk sampling

After the confirmation of clinical and sub-clinical
mastitis, the teats of the cow were disinfected with
70% ethyl alcohol. Before sampling, the first squirt of
milk was discarded and approximately 5 mL of milk
was collected aseptically into a sterile test tube for
microbiological analysis. All the samples were finally
transferred to the laboratory by maintaining a proper
cooling chain using an icebox. All milk samples were
kept at room temperature before streaking into the
agar plate.

2.6. Isolation, identification and PCR
confirmation of S. aureus and E. coli from mastitic
milk

Bacterial species were identified based on standard
bacteriological procedures described by Ali et al. [15]
and Gao et al. [16]. In brief, from respective samples,
20 pL of milk was streaked on a 5% bovine blood agar
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Table 1. Primers used for the amplification of S. aureus and
E. coli species and antimicrobial resistance genes.

Target

genes Oligonucleotide primer sequences (5-3) Reference

23S AGCGAGTCTGAATAGGGCGTTT Shome et al.

rRNA CCCATCACAGCTCAGCCTTAAC 171

adk ATTCTGCTTGGCGCTCCGGG Das et al. [18]
CCGTCAACTTTCGCGTATTT

mecA TCCAGATTACAACTTCACCAGG Larsen et al. [22]
CCACTTCATATCTTGTAACG

tetkK GTAGCGACAATAGGTAATAGT Haubert et al.
GTAGTGACAATAAACCTCCTA [23]

tetl TCG TTA GCG TGC TGT CAT TC
GTA TCC CAC CAA TGT AGC CG

tetM GTG GAC AAA GGT ACA ACG AG
CGG TAA AGT TCG TCA CAC AC

tetA GGCGGTCTTCTTCATCATGC Boerlin et al.
CGGCAGGCAGAGCAAGTAGA [24]

tetB CATTAATAGGCGCATCGCTG
TGAAGGTCATCGATAGCAGG

tetC GCTGTAGGCATAGGCTTGGT
GCCGGAAGCGAGAAGAATCA

sul GTGACGGTGTTCGGCATTCT
TCCGAGAAGGTGATTGCGCT

sul2 CGGCATCGTCAACATAACCT
TGTGCGGATGAAGTCAGCTC

sul3 GAGCAAGATTTTTGGAATCG

CATCTGCAGCTAACCTAGGGCTTTGGA

(Oxoid Ltd., Basingstoke, UK) plate and incubated for
up to 48 hr at 37°C and the plate was examined every
24 hr interval for optimum growth of desired bacteria.
The characteristic appearance of staphylococcus col-
ony is smooth, yellow, pigmented, raised, and with
complete or incomplete haemolysis. Suspected colo-
nies were further sub-cultured on Mannitol Salt Agar
or MSA (Oxoid Ltd., Basingstoke, UK) and incubated
at 37°C for 48 hr. Finally, the Gram’s staining, catalase,
and tube coagulase tests were performed on bacterial
colonies that fermented MSA. Similarly, suspected
E. coli colonies (round, thick, moist, smooth, greyish
white) were further sub-cultured on MacConkey agar
(Oxoid Ltd., Basingstoke, UK) and Eosin methylene
blue (EMB) agar and incubated at 37°C for 24 hr.
Then, the Gram’s staining, Triple Sugar Iron (TSI)
test, Indole, Methyl red, Voges-Proskauer and Citrate
utilization (IMViC) tests were performed for bio-
chemical confirmation of E. coli.

All primarily isolated S. aureus were further con-
firmed by PCR targeting the 23S rRNA gene described
previously by Shome et al. [17] (Table 1) While, E. coli
species were confirmed by targeting the housekeeping
gene (adenylate kinase, adk) described by Das et al.
[18] (Table 1). All isolates were stored at —80°C using
50% glycerol until further examination [19].

2.7. Antimicrobial susceptibility testing

All S. aureus (92) and E. coli (34) bacterial isolates
were screened for susceptibility testing using the
standard disk diffusion method against 13 different
antimicrobial compounds comprising 7 different
classes. The antimicrobial panels (Oxoid,
Basingstoke, UK) were used, namely: penicillin (10

IU), ampicillin (10 pg), amoxycillin-clavulanic acid
(10 pg), cefoxitin (10 ug), ceftriaxone (10 pg), cefa-
clor (30 ug), ciprofloxacin (10 ug), gentamicin
(30 pg), tetracycline (30 pg), erythromycin
(15 upg), oxacillin (5 pg), sulfamethoxazole-
trimethoprim (1.25 + 23.75 pg), and streptomycin
(100 pg). For each isolate, the zone of inhibition
around each disk was measured and interpreted as
susceptible (S), intermediate (I) and resistant (R)
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines [20]. S. aureus and
E. coli isolates that exhibit resistance against >3
antimicrobial classes were considered multidrug-
resistant (MDR) [21].

2.8. Detection of resistance genes

The resistant S. aureus isolates (25) to cefoxitin were
further screened for the detection of the mecA gene by
PCR described earlier by Larsen et al. [22] (Table 1) and
tetracycline-resistant isolates were confirmed by the pre-
sence of the fefK, tetL and tetM genes described by
Haubert et al. [23] (Table 1). Also, E. coli isolates
which showed phenotypic resistance to tetracycline and
sulphonamides, were subsequently confirmed by target-
ing major resistant genes. The fetA, tefB, tetC genes were
detected for tetracycline while, sull, sul2, sul3 genes were
detected for sulphonamides by using specific primer
sequences previously reported by Boerlin et al. [24]
(Table 1). Previously confirmed MRSA strains encoded
the mecA gene [25], and E. coli harboured the tetracy-
cline and sulphonamides resistant genes [18] were used
as positive controls, while nuclease-free water was used
as negative controls for every PCR reaction.

2.9. Statistical analysis

Data obtained from the laboratory and field ques-
tionnaires were entered into the Microsoft Excel
2010. The descriptive statistics (percent’s) and the
95% confidence interval of the prevalence values
were calculated by the modified Wald method using
the Graph Pad Quick Calcs online tool (www.graph
pad.com/quickcalcs/). The prevalence of clinical and
sub-clinical mastitis was calculated by dividing the
number of clinical or sub-clinical mastitis affected
cows by the total number of cows tested as the
denominator. In addition, the prevalence of
S. aureus and E. coli were enumerated by the number
of positive isolates by the total number of mastitis-
positive cows sampled as the denominator. Finally,
the percentages of resistance genes were determined
by the total number of S. aureus and E. coli positive
isolates as the denominator. Furthermore, the heat
map and bar diagram were created using Graphpad
Prism (version 7).
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3. Results
3.1. Samples

In total, 30 dairy farms were screened for clinical and
sub-clinical mastitis. Of them, 14 [46.67%, 95%
Confidence Interval (CI): 30.23-63.86] farms were posi-
tive for clinical mastitis while, all of the farms (100%, 95%
CI: 86.53-100) were positive for sub-clinical mastitis
(Figure 1). Furthermore, a total of 450 lactating cows
(1800 quarters) were randomly screened for identifica-
tion of sub-clinical mastitis on 30 dairy farms (Table 2).
Of them, 173 (38.44%, CI: 34.06 to 43.02) cows were
found positive for the CMT test and identified as having
sub-clinical mastitis (Table 2). In addition, 23 out of 450

cows (5.11%, 95% CI: 3.27 to 7.57) were found affected
with clinical mastitis showing clinical signs and symp-
toms during the farm visits (Table 2).

3.2. Grading of bovine clinical and sub-clinical
mastitis based of CMT

Among 450 lactating cows, 254 (56.45%, 95% CI: 51.83
to 60.95) animals were found CMT negative, 43
(9.56%, 95% CI: 7.15 to 12.65) were identified as
weakly positive (+) and 68 (15.11%, 95% CI: 12.09 to
18.73) were distinctly positive (++) and 62 (13.78%,
95% CI: 10.88 to 17.28) were diagnosed as strongly
positive (+++) for sub-clinical mastitis. However, all of

Table 2. Prevalence of S. aureus and E. coli in clinical and sub-clinical mastitis affected cows.

Total number of dairy farms  Total number of cows screened Mastitis affected cows (%)

PCR confirmed S. aureus (%) PCR confirmed E. coli (%)

30 Clinical 23 (5.11%)

Sub-clinical 173 (38.44%)

9 (39.13)
83 (47.97)

7 (30.43)
27 (15.60)

450 (1800 quarters)
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Figure 1. Heat map showing the distribution of types of mastitis circulating in different dairy farms and, various combined
antimicrobials used for the treatment of clinical and sub-clinical mastitis, as well as the presence of diverse antimicrobial resistance
genes in S. aureus and E. coli isolates. Each row represents an individual dairy farm. Where, AMX-CLOXA = Amoxycillin- Cloxacillin,
AMX-CRO = Amoxycillin- Ceftriaxone, AMX-GEN Amoxycillin- Gentamicin, PEN-STR Penicillin- Streptomycin,
N-KAN Neomycin- Kanamycin, SXT = Sulfamethoxazole-Trimethoprim, TET-GEN Tetracycline- Gentamicin, SXT-
N-KAN = Sulfamethoxazole-Trimethoprim- Neomycin- Kanamycin.
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the 23 (5.11%, 95% CI: 3.40 to 7.59) clinical mastitis
cases were found to be strongly positive (+++) for
the CMT.

3.3. Prevalence of S. aureus and E. coli in clinical
and sub-clinical mastitis affected cows

In total, 196 clinical and sub-clinical mastitic samples
were cultured with S. aureus being the most prevalent
pathogen in both cases, which were 9/23 (39.13%, 95%
CI: 22.10 to 59.27) and 83/173 (47.98%, 95% CI: 40.66
to 55.38), respectively (Table 2). Interestingly, all dairy
farms were positive for S. aureus and associated with
bovine mastitis. Among the 92S. aureus isolates, 34
(36.96%, 95% CI: 27.79 to 47.17) were found to be
positive for coagulase test and the remaining 58
(63.04%, 95% CI: 52.83 to 72.21) were identified as
coagulase test negative. The prevalence of E. coli was
found to be 7/23 (30.43%, 95% CI: 15.41 to 51.06) and
27/173 (15.61%, 95% CI: 10.90 to 21.81) in clinical and
sub-clinical mastitis affected cows, respectively
(Table 2).

3.4. Frequency of antimicrobial used in dairy farm

We found that 12 different kinds of antimicrobials
were used in 30 different dairy farms. Among them,
the highest antimicrobials used for mastitis treatment
were ciprofloxacin in 25 (83.33%) farms; amoxycillin
in 24 (80%) farms; ceftriaxone in 23 (76.67%) farms,
and gentamicin in 22 (73.33%) farms (Figure 2).
Besides, penicillin and streptomycin were used in 19
(63.33%) farms, tetracycline in 17 (56.67%) farms,
cloxacillin in 16 (53.33%) and sulfamethoxazole-
trimethoprim in 13 (43.33%) farms at the second

30 1

Number of dairy farms (30)

AMX AMP CRO CLOXA CIP GEN KAN N

PEN STR SXT TET

Antimicrobials used

Figure 2. Diverse group of antimicrobials used in dairy farms
for the treatment of clinical and sub-clinical mastitis. Where,
AMX = Amoxycillin, AMP = Ampicillin, CRO = Ceftriaxone,
CLOXA = Cloxacillin. CIP = Ciprofloxacin, GEN = Gentamicin,
KAN = Kanamycin, N = Neomycin, PEN = Penicillin,
STR = Streptomycin, SXT = Sulfamethoxazole-trimethoprim,
TET = Tetracycline.

highest level. The frequency of neomycin 7 (23.33%),
and kanamycin 7 (23.33%) usage in the dairy farms
were minimal (Figure 2).

3.5. Combination of antimicrobial used for
mastitis treatment

Interestingly, all of the dairy farms (n = 30) used more
than 3 antimicrobial classes for mastitis treatment,
while 23 (76.67%) farms administered different com-
bined antimicrobials in different combinations
(Figure 1). Among them, a maximum of 19 (63.33%)
farms used amoxycillin-cloxacillin and 17 (56.67%)
farms used amoxycillin-gentamicin combined antimi-
crobials for mastitis treatment. There were 7 (23.33%)
farms used single antimicrobials for therapeutic pur-
poses (Figure 1).

3.6. Antimicrobial susceptibility profiles

All the S. aureus and E. coli isolates were found to be
multi-drug resistant (MDR) (i.e. resistant to > 3 anti-
microbial classes). Among the S. aureus isolates, the
highest resistance was observed for tetracycline
(76.09%), oxacillin, and ampicillin (70.65%)
(Table 3). More than 58% of the isolates exhibited
resistance against erythromycin, amoxycillin-
clavulanic acid and streptomycin. In the case of
E. coli, this exhibits the highest resistance against oxa-
cillin (64.71%) and ampicillin (58.82%) antibiotics.
More than 70% of E. coli isolates were sensitive to
ceftriaxone, ciprofloxacin and cefaclor (Table 3).

3.7. Antimicrobial resistance genes profile of
S. aureus and E. coli

A total of 10 resistance genes including mecA, tetK,
tetL, and tetM, were evaluated for S. aureus. The tetA,
tetB, tetC, sull, sul2, and sul3, were screened for E. coli
isolates. Among the S. aureus isolates, 7/92 (7.61%)
encoded the mecA gene, which is classified as methi-
cillin-resistant S. aureus (MRSA) and 19.57% (18/92)
tested isolates carried fetK gene (Figure 1) (Table 4). In
the case of E. coli isolates, the most prevalent antimi-
crobial resistance genes were tetA 12/34 (35.29%) and
tetB 7/34 (20.59%) encoding resistant to tetracycline
followed by sull 16/34 (47.06%) and sul2 11/34
(32.35%), encoding resistant to sulphonamides
(Figure 1) (Table 4).

4. Discussion

In the present study, the overall prevalence of sub-
clinical mastitis at cow level was 38.44% and the smal-
lest proportion (5.11%) was suffered from clinical
mastitis. This finding was consistent with the previous
reports of Ramirez et al. [11,26]. The prevalence of
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Table 4. Prevalence of different antimicrobial resistance genes
encoded by S. aureus and E. coli.

Organism Resistance genes Prevalence

S. aureus (92) mecA 7 (7.61%)
tetk 18 (19.57%)
tetl 13 (14.13%)
tetM 6 (6.52%)

E. coli (34) tetA 12 (35.29%)
tetB 7 (20.59%)
tetC 2(5.88%)
sull 16 (47.06%)
sul2 11(32.35%)
sul3 4(11.76%)

clinical and sub-clinical mastitis was slightly higher in
Eastern Ethiopia, which was 12.5% and 51.8%, respec-
tively [27]. The occurrence of mastitis in lactating
cows varies due to the geographical location, breed,
age, stages of lactation, status of the udder, number of
parity, immunity, management, hygiene, and milking
practices in dairy farms [26,28]. However, the predo-
minant sub-clinical mastitis in the current study area
is an alarming problem that not only causes economic
losses through reducing milk production but also
adversely affects the human food chain.

Both S. aureus and E. coli are the predominant
causal agents of bovine clinical and sub-clinical mas-
titis all over the world [23] including Bangladesh.
However, in both clinical and sub-clinical cases, the
most frequently isolated organism was S. aureus,
which represented 39.13% and 47.98%, respectively.
The isolation rate was closely similar to the studies
conducted in Italy (41%) [29] and slightly higher in
Brazil (56%) [30]. Among S. aureus, 36.96% was found
to be coagulase positive, which was closely similar to
the previous findings [31]. These coagulase positive
S. aureus strains are most frequently associated with
contagious mastitis of bovine, caprine and ovine spe-
cies due to the harbouring of multiple virulence fac-
tors such as Staphylococcal Protein-A, the coagulase
enzyme, clumping factors, haemolysins, proteases and
gelatinases [13,23,32].

Moreover, E. coli also causes environmental fatal
mastitis and their frequency varies according to farm
management, hygienic practices, and the presence of
virulence factors. Surprisingly, any type of mastitis in
the mammary gland always first attempts to be treated
with antimicrobials to reduce the fatal consequence,
especially to control the contagious infections [6]. In
the present study, we found that all of the dairy farms
administered different categories of antimicrobials
(penicillin, p-lactams, fluoroquinolones, tetracyclines,
aminoglycoside and sulphonamide) ranging from nar-
row to broad-spectrum to treat the clinical and sub-
clinical mastitis. Another significant concern was the
high number of dairy owners who used combined
antimicrobials in a combination of different classes
for the treatment of clinical and sub-clinical mastitis.
Unfortunately, the widespread and indiscriminate

administration of antimicrobials induces the develop-
ment of resistance among mastitis bacteria [33]. The
repetitive exposure of a similar or wide range of anti-
microbials for the treatment of chronic/sub-clinical
mastitis play a key trigger for antimicrobial resistance
and contribute to acquire resistant genes. Our results
demonstrated that all isolates were multidrug-resistant
and showed resistance to three or more classes of
antimicrobials [21]. This finding indicates the emer-
gence of antimicrobial resistance in S. aureus and
E. coli from masitic milk samples in Bangladesh.
Moreover, the number of resistant bacteria evolved
in increasing trend from bovine mastitis cases that
have potential chance to spread in the human food
chain and poses a zoonotic burden in environment.
Since the screening of antimicrobial resistance
genes, both S. aureus and E. coli isolates harboured
multiple types of resistance genes. According to dif-
ferent mastitis research, it is focused that B-lactams
antimicrobials are most frequently used in both par-
ental and intramammary routes in lactating cows for
treatment of mastitis infection [34,35]. In the present
study, high antimicrobial resistance frequency to the
B-lactams penicillin (52.17%), amoxycillin-clavulanic
acid (58.70%), ampicillin (70.65%), oxacillin (70.65%)
was observed, which is closely supported by previous
findings of Priyantha et al. [34]; Haubert et al. [23].
According to previous findings, S. aureus and E. coli
resistance to penicillin, ampicillin, amoxycillin, and
oxacillin is the most common type of antimicrobial
resistance among  mastitis-causing  bacteria
[9,11,13,34]. The high resistance frequency of E. coli
against sulfamethoxazole-trimethoprim (61.76%) was
reported in several previous studies [9,34]. We noted
that S. aureus and E. coli displayed a high proportion
of susceptibility to ceftriaxone (70.65% and 73.53%)
and ciprofloxacin (65.22% and 73.53%) which was
consistent with the findings of previously published
reports [9,13,15]. The high rate of susceptibility to
ceftriaxone and ciprofloxacin might be due to less
exposure in dairy farm environments as well as the
broad-spectrum nature of these antimicrobials.
Interestingly, in the present study 7 (7.61%)
S. aureus isolates carried the mecA gene and all
MRSA isolates exhibit resistance to cefoxitin, oxacil-
lin and penicillin, and these findings were almost
similar to the previous studies by Rana et al. [13];
Chajecka-Wierzchowska et al. [36]. The mecA gene is
extensively found in staphylococci isolates which
confer the resistance to P-lactams antimicrobials
and this resistant gene arises from a chromosomally
integrated mobile genetic element namely staphylo-
coccal cassette chromosome mec (SCCmec) [37];
which encodes modified penicillin-binding protein
(PBP). Although few studies have reported the pre-
sence of the mecA gene in S. aureus at low levels in
bovine and caprine mastitis [13,38,39], but the
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widespread presence of it creates a potential chal-
lenge for clinical management of mastitis.
Moreover, these resistant isolates are readily transfer-
able from livestock to humans that make a potential
zoonotic burden. The MSRA isolates constantly dis-
play resistance against a wide range of broad spec-
trum antimicrobial agents, including all B-lactams
antimicrobials (penicillin, methicillin, oxacillin,
cefoxitin, amoxycillin-clavulanic acid, amoxycillin-
sulbactam), quinolones, tetracycline, macrolides and
chloramphenicol [22,32,40].

Fluoroquinolones, tetracyclines and sulphona-
mides are broad-spectrum antimicrobial agents admi-
nistered in mastitis cows for clinical recovery of
infection [36]. We noted that both S. aureus and
E. coli showed 76.09% and 44.12% resistance against
tetracycline, respectively. Moreover, the presence of
tetA, tetB, tetC, tetK, tetL and tetM genes conferred
the efflux proteins or ribosomal protection proteins
that trigger the high resistance against tetracycline
antibiotics. The presence of a tetracycline resistance
gene among S. aureus and E.coli from clinical and sub-
clinical mastitis affected cows has been reported in
several previous studies [23,28,34]. In the present
study, S. aureus and E. coli harboured tetK and
tetA genes at the highest frequencies, which were
19.57% and 35.29%, respectively. However, the pre-
sence of other tetracycline resistance genes is found at
a lower rate in bovine mastitis cases and these findings
was in agreement with previous studies of Ashraf et al.
[28]; Haubert et al. [23]. Furthermore, several studies
discloses that the widespread distribution of tetracy-
cline resistance determinants among different organ-
isms is largely due to the acquisition or encoding of
mobile genetic elements like readily transferable con-
jugative plasmids or transposons [41].

In the current study, the sulphonamide resistance
genes that inhibit the folate pathways like sull
(47.06%), sul2 (32.35%), and sul3 (11.76%) were
detected in E. coli isolates. The frequencies of
résistance genes are significantly higher than previous
studies by Frey et al. [42] who described only 5%
isolates carrying sulphonamide resistance genes in
bovine mastitis cases. However, the presence of sul-
phonamide resistance genes in E. coli at higher rates in
raw milk and milk products, which may originate
from clinical or sub-clinical mastitis, affected lactating
cows in the dairy farm [30].

Due to resource limitations, sulphonamide resis-
tance genes for S. aureus, was not detected in the
present study. The emergence of multidrug-resistant
(MDR) organisms in dairy herds is a serious threat
that is resulting in significant increases in veterinary
as well as medication costs for treatment and man-
agement of bovine mastitis. Generally, the MDR

phenomenon is significantly triggered by the spon-
taneous and irrational use of widespread antimicro-
bials and acquiring of multiple antimicrobial
resistance genes through cross-transmission, muta-
tion or from environments [21,32,41]. Therefore, it
is an urgent need to monitor and control the irra-
tional use of antimicrobial agents and the exemplary
mastitis treatment guidelines should be based on the
laboratory reports of the antimicrobials sensitivity
test.

5. Conclusion

This study demonstrated that sub-clinical type masti-
tis is highly prevalent in dairy farms and S. aureus is
confirmed as the most prevalent pathogen associated
with both clinical and sub-clinical bovine mastitis.
Alarmingly, all dairy farms used broad-spectrum anti-
microbials, especially ciprofloxacin, amoxycillin, and
ceftriaxone for the treatment of bovine mastitis.
Moreover, the presence of MRSA strains and the
encoding of different resistance genes on S. aureus
and E.coli isolates in mastitic cows is an alarming
report and might pose a serious challenge to the clin-
ical management of bovine mastitis. Therefore, it is of
utmost importance to conduct routine surveillance
programs to regulate the use of antimicrobial agents
and detect the potential transfer of antimicrobial resis-
tance genes on dairy farms.

Acknowledgments

Authors would like thanks to the Ministry of Science and
Technology, Bangladesh for funding to this project. We also
would like to express our gratitude to the Department of
Microbiology and Veterinary Public Health, Chattogram
Veterinary and Animal Sciences University, Chattogram,
Bangladesh for their ongoing laboratory assistance.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This research was financially supported by the Ministry of
Science and Technology [Grant no. 5229], The People’s
Republic of Bangladesh.

ORCID

Eaftekhar Ahmed Rana http://orcid.org/0000-0003-
3648-1670

Md Abul Fazal (5) http://orcid.org/0000-0002-0469-6186
Mohammad Abdul Alim http://orcid.org/0000-0002-
3945-6801



INTERNATIONAL JOURNAL OF VETERINARY SCIENCE AND MEDICINE . 9

Author’s contribution

Eaftekhar Ahmed Rana: Conceptualization, Funding
acquisition, Data curation, Investigation, Methodology,
Project administration, Resources, Validation, Formal ana-
lysis, Visualization, Writing original draft, Writing- review
and editing. Md Abul Fazal: Formal analysis, Investigation
and Methodology. Mohammad Abdul Alim: Supervision;
Visualization, Validation, Writing- review and editing.

Compliance with ethical standards

During conducting the study, source of funding, animal
welfare ethics, and entire laboratory protocols were strictly
followed by all authors.

Data availability statement

The authors confirm that the data supporting the findings of
this study are available within the article.

Ethical approval statement

Ethical approval was received from the institutional ethical
approval committee of Chattogram Veterinary and Animal
Sciences University (Approval no. CVASU/Dir (R&E) EC/
2019/41 (2/8)).

References

[1] Ashraf A, Imran M. Causes, types, etiological agents,
prevalence, diagnosis, treatment, prevention, effects
on human health and future aspects of bovine
mastitis. Anim Health Res Rev. 2020;21(1):36-49.

[2] Hossain MK, Paul S, Hossain MM, et al. Bovine
mastitis and its therapeutic strategy doing antibiotic
sensitivity test. Austin J Vet Sci Anim Husb. 2017;4
(1):1030.

[3] Jamali H, Krylova K, Aider M, et al. Identification and
frequency of the associated genes with virulence and
antibiotic resistance of Escherichia coli isolated from
cow’s milk presenting mastitis pathology. Anim Sci J.
2018;89(12):1701-1706.

[4] Adkins PR, Middleton JR. Methods for diagnosing
mastitis. Vet Clin North Am Food Anim Pract. 2018
1;34(3):479-491.

[5] Radostits OM, Gay CC, Hinchcliff KW, et al., editors.
Veterinary medicine E-book: a textbook of the dis-
eases of cattle, horses, sheep, pigs and goats. Elsevier
Health Sciences; 2006. p. 28.

[6] ECDC. Summary of the latest data on antibiotic resis-
tance in the European Union. Stockholm: European
Centre for Disease Prevention and Control; 2017
[cited 2018 Sept 14]. Available from: https://ecdceur
opa.eu/en/publications-data/summary-latest-data-
antibiotic-resistance-european-union

[7] Kroning IS, Iglesias MA, Sehn CP, et al. Staphylococcus
aureus isolated from handmade sweets: biofilm forma-
tion, enterotoxigenicity and antimicrobial resistance.
Food Microbiol. 2016;1(58):105-111.

[8] DANMAP (Danish Integrated Antimicrobial
Resistance Monitoring and Research Programme).
Use of antimicrobial agents and occurrence of

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

antimicrobial resistance in bacteria from food ani-
mals, foods and humans in Denmark. Soborg
(Denmark): DANMAP; 2003.

Ngaywa C, Aboge GO, Obiero G, et al. Antimicrobial
resistant Escherichia coli isolates detected in raw milk
of livestock in pastoral areas of northern Kenya. Food
Control. 2019 1;102:173-178.

Gao J, Ferreri M, Yu F, et al. Molecular types and
antibiotic resistance of Staphylococcus aureus isolates
from bovine mastitis in a single herd in China. Vet J.
2012 1;192(3):550-552.

Saidani M, Messadi L, Soudani A, et al. Epidemiology,
antimicrobial resistance, and extended-spectrum
beta-lactamase-producing Enterobacteriaceae in clin-
ical bovine mastitis in Tunisia. Microb Drug Resist.
2018 1;24(8):1242-1248.

Awandkar SP, Khode NV, Sardar VM, et al
Prevalence and current antibiogram trend of mastitic
agents in Udgir and its vicinity, Maharashtra State,
India. Int J Dairy Sci. 2009;4(3):117-122.

Rana EA, Das T, Dutta A, et al. Coagulase-positive
methicillin-resistant Staphylococcus aureus circulat-
ing in clinical mastitic goats in Bangladesh. Vet
World. 2020;13(7):1303.

Abebe R, Hatiya H, Abera M, et al. Bovine mastitis:
prevalence, risk factors and isolation of Staphylococcus
aureus in dairy herds at Hawassa milk shed, South
Ethiopia. BMC Vet Res. 2016;12(1):1-1.

Ali T, Ur Rahman S, Zhang L, et al. Characteristics
and genetic diversity of multi-drug resistant
extended-spectrum beta-lactamase
(ESBL)-producing Escherichia coli isolated from
bovine mastitis. Oncotarget. 2017;8(52):90144.
Gao ], Barkema HW, Zhang L, et al. Incidence of
clinical mastitis and distribution of pathogens on
large Chinese dairy farms. J Dairy Sci. 2017;100
(6):4797-4806.

Shome BR, Das Mitra S, Bhuvana M, et al. Multiplex
PCR assay for species identification of bovine mastitis
pathogens. ] Appl Microbiol. 2011;111(6):1349-1356.
Das T, Islam MZ, Rana EA, et al. Abundance of
mobilized colistin resistance gene (mcr-1) in com-
mensal Escherichia coli from diverse sources. Microb
Drug Resist. 2021;27:1585-1593.

Perry SF. Freeze-drying and cryopreservation of
bacteria. Mol Biotechnol. 1998;9(1):59-64.

CLSI. Performance standards for antimicrobial disk
susceptibility tests. 13th ed. CLSI standard MO2.
Wayne (PA): Clinical and Laboratory Standards
Institute; 2018.

Magiorakos AP, Srinivasan A, Carey RB, et al.
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect. 2012;18(3):268-281.
Larsen AR, Stegger M, Serum M. spa typing directly
from a mecA, spa and pvl multiplex PCR assay—a
cost-effective improvement for methicillin-resistant
Staphylococcus aureus surveillance. Clin Microbiol
Infect. 2008;14(6):611-614.

Haubert L, Kroning IS, Iglesias MA, et al. First report
of the Staphylococcus aureus isolate from sub-clinical
bovine mastitis in the South of Brazil harboring resis-
tance gene dfrG and transposon family Tn916-1545.
Microb Pathog. 2017;113:242-247.


https://ecdceuropa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union
https://ecdceuropa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union
https://ecdceuropa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union

10 (&) E. A RANAETAL

[24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

Boerlin P, Travis R, Gyles CL, et al. Antimicrobial
resistance and virulence genes of Escherichia coli iso-
lates from swine in Ontario. Appl Environ Microbiol.
2005;71(11):6753-6761.

Rana EA, Islam MZ, Das T, et al. Methicillin-resistant
coagulase positive Staphylococcus aureus and
Staphylococcus pseudintermedius circulating in dogs
in Bangladesh. Int J Infect Dis. 2020;101:34-35.
Ramirez NF, Keefe G, Dohoo I, et al. Herd-and
cow-level risk factors associated with sub-clinical
mastitis in dairy farms from the High Plains of the
northern Antioquia, Colombia. J Dairy Sci. 2014;97
(7):4141-4150.

Zeryehun T, Abera G. Prevalence and bacterial
isolates of mastitis in dairy farms in selected dis-
tricts of Eastern Harrarghe zone, Eastern
Ethiopia. J Vet Med. 2017;2017. DOI:10.1155/
2017/6498618

Ashraf A, Imran M, Yung-Fu C. Antimicrobial resis-
tance of Escherichia coli isolates from mastitic milk
and its possible relationship with resistance and viru-
lence genes. Pak J Zool. 2018;50(4). DOI:10.17582/
journal.pjz/2018.50.4.1435.1441

Traversa A, Gariano GR, Gallina S, et al. Methicillin
resistance in Staphylococcus aureus strains isolated
from food and wild animal carcasses in Italy. Food
Microbiol. 2015;52:154-158.

Gundogan N, Avci E. Occurrence and antibiotic
resistance of Escherichia coli, Staphylococcus aureus
and Bacillus cereus in raw milk and dairy products
in T wurkey. Int J Dairy Technol. 2014;67
(4):562-569.

Kasa G, Tegegne B, Tadesse B. Isolation and identifi-
cation of major pathogenic bacteria from clinical
mastitic cows in Asella Town, Ethiopia. Vet Med
Int. 2020;13:2020.

Algammal AM, Hetta HF, Elkelish A, et al. Methicillin-
Resistant Staphylococcus aureus (MRSA): one health
perspective approach to the bacterium epidemiology,
virulence factors, antibiotic-resistance, and zoonotic
impact. Infect Drug Resist. 2020;13:3255.

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

WHO. Global action plan on antimicrobial resistance.
2015 [cited 2018 Sept 14]. Available from: http://
www.who.int/drugresistance/globalaction_plan/en/
Priyantha MA, Fernando PS, De Alwis PS. Emerging
antimicrobial resistance in coagulase-positive
Staphylococci and E. coli isolated from bovine clinical
mastitis in Sri Lanka. Asian ] Anim Vet Adv.
2021;28:29-35.

Haveri M, Suominen S, Rantala L, et al. Comparison
of phenotypic and genotypic detection of penicillin
G resistance of Staphylococcus aureus isolated from
bovine intramammary infection. Vet Microbiol.
2005;106(1-2):97-102.

Chajecka-Wierzchowska W, Zadernowska A,
Laniewska-Trokenheim L. Virulence factors, antimi-
crobial resistance and biofilm formation in
Enterococcus spp. isolated from retail shrimps. LWT
- Food Sci Technol. 2016;69:117-122.

Seixas R, Santos JP, Bexiga R, et al. Antimicrobial
resistance and virulence characterization of
methicillin-resistant staphylococci isolates from
bovine mastitis cases in Portugal. ] Dairy Sci.
2014;97(1):340-344.

XuJ, Tan X, Zhang X, et al. The diversities of staphy-
lococcal species, virulence and antibiotic resistance
genes in the sub-clinical mastitis milk from a single
Chinese cow herd. Microb Pathog. 2015;88:29-38.
Melo DA, Coelho ID, Motta CC, et al. Impairments of
mecA gene detection in bovine Staphylococcus spp.
Braz ] Microbiol. 2014;45(3):1075-1082.

Weese JS, van Duijkeren E. Methicillin-resistant
Staphylococcus aureus and Staphylococcus pseudinter-
medius in veterinary medicine. Vet Microbiol. 2010
27;140(3-4):418-429.

Lopatkin AJ, Huang S, Smith RP, et al. Antibiotics as
a selective driver for conjugation dynamics. Nat
Microbiol. 2016;1(6):1-8.

Frey Y, Rodriguez JP, Thomann A, et al. Genetic
characterization of antimicrobial resistance in
coagulase-negative staphylococci from bovine masti-
tis milk. J Dairy Sci. 2013;96(4):2247-2257.


https://doi.org/10.1155/2017/6498618
https://doi.org/10.1155/2017/6498618
https://doi.org/10.17582/journal.pjz/2018.50.4.1435.1441
https://doi.org/10.17582/journal.pjz/2018.50.4.1435.1441
http://www.who.int/drugresistance/globalaction_plan/en/
http://www.who.int/drugresistance/globalaction_plan/en/

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Statement of ethics and farm owner consent
	2.2. Study area and duration
	2.3. Study population and data collection
	2.4. Diagnosis of clinical and sub-clinical mastitis
	2.5. Milk sampling
	2.6. <italic>Isolation, identification and PCR confirmation of</italic> S. aureus <italic>and</italic> E. coli <italic>from mastitic milk</italic>
	2.7. Antimicrobial susceptibility testing
	2.8. Detection of resistance genes
	2.9. Statistical analysis

	3. Results
	3.1. Samples
	3.2. Grading of bovine clinical and sub-clinical mastitis based of CMT
	3.3. <italic>Prevalence of</italic> S. aureus <italic>and</italic> E. coli <italic>in clinical and sub-clinical mastitis affected cows</italic>
	3.4. Frequency of antimicrobial used in dairy farm
	3.5. Combination of antimicrobial used for mastitis treatment
	3.6. Antimicrobial susceptibility profiles
	3.7. <italic>Antimicrobial resistance genes profile of</italic> S. aureus <italic>and</italic> E. coli

	4. Discussion
	5. Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Author’s contribution
	Compliance with ethical standards
	Data availability statement
	Ethical approval statement
	References

