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Abstract: In developing countries like Ethiopia, scares in veterinary services, shortage of variety of drugs and
poor drug regulatory frameworks could lead to under-dosage or unnecessary medication which may end up
with development of antibiotic resistant organisms. So, this research intended to characterize antibiotic
resistance nature of bovine mastitis caused by Staphylococcus aureus isolates phenotypically as well
genotypically for some of the common antibiotics and their resistance markers. This study was conducted from
Sep. 2015 to July 2016 to characterize phenotypic as well as some of genotypic antimicrobial resistance pattern
of S. aureus isolates collected from sub clinical Bovine mastitis cases. Three hundred and three lactating dairy
cows were selected purposively from farms located at highlands of Shoa, central Ethiopia. Milk samples were
tested by using CMT and positive samples were subjected for bacterial culture, disc diffusion test and PCR to
detect the presence antimicrobial resistance genes (mecA, blaZ, erm A, erm B, erm C and msrA). Results
showed that out of the 303 cows, 214(70.6%) of them were found positive by CMT for either of the four
quarters. Among these, 187(87.4) were bacterial culture positive in which 79(36.9%) of the culture was identified
as S. aureus. The isolates were most resistant to Ampicillin (80%) followed by trimethoprim-sulfamethoxazole
(23.3%), tetracycline (15%), streptomycin (10%) & Gentamycin (3.3%) and equally to both erythromycin and
chloramphenicol with the least resistance (1.6%). Most of the isolates (56%) contained blaZ gene followed by
erm B (33%), ermC 13.3% and each erm A and msrA appeared only in 2% of the isolates. There was no any
isolate harboring the methicillin resistance mecA gene. Sixteen (36%) of the isolates contained more than one
antibiotic resistance markers. The highest MDR gene combination was observed by blaZ*ermB (31.25%) genes
and the least frequently occurred MDR gene combinations were blaZ *ermA and msrA*ermB (3.12%) each.
Combination of BlaZ*ermC has shown intermediate frequency (12.5%). In Conclusion, The resistance of S.
aureus against antimicrobial agents is well established and the resistance markers are also identified. Focus
should be given to increase the awareness of the community about consumption of heat untreated dairy
products to avoid risk of antimicrobials resistance treat transfer between organisms.
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INTRODUCTION While, through horizontal gene transfer mechanism,

Antibiotic resistance  co-evolved  with antibiotics, integrated on plasmids from resistance clones [2]. Sub-
this  is   because   antibiotic-producing  organisms inhibitory and sub-therapeutic antibiotic administration
develop  resistance  mechanisms  to be protected from enhances development of antibiotic resistance by
their  own   products   as  well  as  their  competitors promoting the above mentioned genetic forces [3].
attack.  This   phenomenon  can  be  acquired  in  either  of Staphylococcus aureus (S. aureus) is Gram positive
these  mutation  or  horizontal  gene  transfer. Selection bacteria which are one of the most leading causes of
and reproduction of mutant strains could be favored by mastitis in dairy cows and is undergoing antibiotic
use of antibiotics which clears the drug- sensitivities resistance to most part of the world and became a big
leaving  behind   the  resistant  mutant  bacteria  [1]. threat [4, 5].

bacteria can acquire antibiotic resistance gene which are
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In developing countries like Ethiopia, scares in
veterinary services, shortage of variety of drugs and poor
drug regulatory frameworks could lead to under-dosage
or unnecessary medication which may end up with
development of antibiotic resistant organisms. On the
other hand, low hygienic standards of housing and
milking can disseminate mastitis causing pathogens
including S. aureus among individual animals or farms [6].

So far, a lot of attempts had been made to
phenotypically characterize the antibiotic resistance
nature of bovine mastitis causing S. aureus prevalence in
many parts of Ethiopia. However, information about the
genotype of the resistance is very limited. Understanding
the genotype of the resistance will help on predicting the
future susceptibility and to recommend better treatment
options. So, the objective of this research was to
characterize antibiotic resistance nature of bovine mastitis
caused by S. aureus bacteria phenotypically as well as
genotypically for some of the common antibiotics and
their resistance markers.

MATERIALS AND METHODS

Sample Collection and Preparation: From Sep. 2015 to
July 2016, a total of 303 lactating cows were screened for
subclinical mastitis using California mastitis test (CMT).
All the lactating cows were examined carefully and CMT
screening procedures were done by a veterinarian.
Approximately two ml of milk was taken from each teat in
to the four CMT paddle indentations. Then, equal amount
of CMT reagent (COX, USA) was added and swirled
gently for 15 seconds. Finally, judgment was made
according to Schalm et al. [7] and Quinn et al. [8] to
proceed with culture test. Then milk samples were
collected from cows reactive for CMT. The collected
samples were kept in cold box and transported
immediately to the National Agricultural Biotechnology
Research Center Laboratory, Holetta for analysis.

Bacterial Isolation and Identification: Milk Samples
collected from CMT positive cows were cultured for
bacterial identification according  to  Quinn  et  al.  [8].
Milk samples collected from each quarter were streaked on
MacConkey agar and blood agar base plates enriched
with 7% ovine blood. The inoculums were then incubated
aerobically at 37°C for 24 to 48h. Identification of S.
aureus on primary culture was identified as Gram-positive
cocci, hemolytic on sheep blood agar, catalase positive,
coagulase-positive and oxidation as well as fermentation
of mannitol [9, 10].

Table 1: The genes involved and their oligonucleotide primers for the
polymerase chain reactions

Genes Oligonucleotide sequences Reference
mecA F- CTTTGGAACGATGCCTAATCTCAT 

R- AAGAGATTTGCCTATGCTTC [13]
blaZ F- GCTTGACCACTTTTATCAGC 

R- ATCGGATCAGGAAAAGGACA [14]
ermA R- CACGATATTCACGTTTTACCC 

F- AAGGGCATTTAACGACGAAA [14]
ermB R- CTGTGGTATGGCGGGTAAGT 

F- TGAAATCGGCTCAGGAAAAG [14]
ermC F- TGAAATCGGCTCAGGAAAAG 

R- CAAACCCGTATTCCACGATT [14]
msrA F- TGGTACTGGCAAAACCACAT 

R-AAACGTCACGCATGTCTTCA [14]

Antimicrobial Sensitivity Test: Antimicrobial resistance
patterns were determined by Kirby-Bauer disc diffusion
method [11] on Mueller-Hinton agar  (Sigma-Aldrich
Corp., St. Louis, MO, USA). Antibiotic discs were placed
and gently pressed by forceps on culture spread on
Mueller-Hinton agar (Sigma Aldrich, USA). Reading for
the response of the isolates to the antimicrobials was
done after incubation of the plates at 37°C for 18 hours
under aerobic environment. The response of the isolates
to each antimicrobial agent was evaluated by measuring
the zone of inhibition categorized as sensitive,
intermediate and resistant according to the standards
recommended by National Committee for Clinical
Laboratory Standards [12]. The antimicrobials used in the
experiment were ampicillin (10 µg), chloramphenicol (30
µg), gentamycin (10µg), erythromycin (15µg), tetracycline
(30µg), streptomycin (10 µg) and trimethoprim-
sulfamethoxazole (1.25/23.75 µg).

PCR: The genes involved in antimicrobial resistance
(mecA, blaZ, erm A, erm B, erm C and msrA) were
detected by PCR using the primers and cycle conditions
described by Murakami et al. [13] and Sawant et al. [14]
(Table 1). Single colony of each isolate was inoculated in
to 10ml of nutrient broth (Sigma Aldrich, USA) and
incubated overnight at 37°C in shaker incubator at speed
of 100rpm/min. Bacterial plasmid DNA was extracted using
kit (Biobasic, USA) from well grown broth cultures. PCR
reaction was prepared by mixing, reaction buffer(500Mm
KCl,17.5mM MgCl2, 100mM Tris-HCl,0.1% TritonX-100, )
(Himedia, India), 10mM dNTPs, 10pmol of each
primer,1UTaqDNA polymerase ( Himedia, India) and
Nuclease free water which was add up to 25 µl. PCR
products were electrophoresed in 1.5% agarose gel after
mixing with gel loading dye (Thermoscientific, USA)
(0.5µg/mL) and observed under UV illumination. Isolates
showing amplification that match with reference marker
were considered as positive.
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(100bp -1.5 kb DNA ladder, Bio Basic) a. blaz (517bp), b. ermC (272bp), C. ermA (486bp), d. ermB (423 bp), e. msrA
(1000bp)

Table 2: Antimicrobial resistance rate (%) of S. aureus isolated from Bovine mastitis
Sensitivity
-------------------------------------------------------------------------------------------------------

Antimicrobial Disc Sensitive intermediate resistant Total
Erythromycin 30(54.5%) 29(43.9%) 1 (1.6%) 60 (100%)
Chloramphenicol 55(91.6%) 4(6.6%) 1(1.6%) 60 (100%)
Gentamycin 56(93.3%) 2(3.3%) 2(3.3%) 60 (100%)
Ampicillin 10(16.6%) 2(3.3%) 48(80%) 60 (100%)
Tetracycline 40(66.6%) 11(18.3%) 9(15%) 60 (100%)
Streptomycin 45(75%) 9(15%) 6(10%) 60 (100%)
Trimethoprim sulfamethoxazole 37(61.6%) 9(15%) 14(23.3%) 60 (100%)

Table 3: Distribution of antimicrobial resistance genes among isolates
Gene All Sole Total
blaZ 25 (55%) 10(22.2%) 45(100%)
ermA 1 (2.2%)) 0(0.0%) 45(100%
ermB 15 (33.3%) 4(4.8%) 45(100%)
ermC 6 (13.3%) 2(2.4%) 45(100%)
msrA 1 (2.2%) 0(0.0%) 45(100%)
mecA 0 (0.0%) 0(0.0%) 45(100%)
All refers the amount of the frequency for the specific gene from the whole
isolates, Sole refers the frequency of the specific gene appeared solely from
the whole isolates.

RESULTS

Out of the 303 lactating cows, 214 (70.6%) of them
were found positive by CMT for either of the four
quarters. Among these 214 samples, 187 (87.4%) were
bacterial culture positive in which 79(36.9%) of the culture
was identified as S. aureus. Antimicrobial resistance test
was conducted for 60 of the 79 isolates and PCR was
conducted to detect antimicrobial resistance gene for 45
of the 60 isolates in which the disc test has performed.

Antimicrobial resistance pattern of the S. aureus
isolates is shown in Table 2. Out of all the 60 isolates only
5(8.3%) showed neither resistance nor intermediate
resistance for none of the antibiotics and only 9(15%) of
them found susceptible for all antibiotic in which four of
them have intermediate resistance. The isolates were most
resistant to ampicillin (80%) followed by trimethoprim-
sulfamethoxazole (23.3%), tetracycline (15%),
streptomycin (10%), Gentamycin (3.3%) and equally to
both erythromycin and chloramphenicol with the least
resistance (1.6%). Unlike the resistance pattern, the
isolates showed the highest intermediate resistance to

erythromycin (48.3%) and the least to Ampicillin and
gentamycin (3.3%). For the rest antibiotics, tetracycline,
streptomycin, trimethoprim-sulfamethoxazole and
chloramphenicol, intermediate resistance values of 18, 15,
15 and 6.6% were shown respectively.

From the  total  isolates,  22(36%)  of  them  were
found  resistant  for  two or more of the antibiotics.
Sixteen (26%) of the  isolates  were  found  resistant for
two of the antibiotics at a time followed by three (5%)
isolates for three of the antibiotic; two isolates (3.3%) for
four and a single isolate (1.6%) for five of the antibiotics
applied.

Among all 45 isolates tested for the presence of
antibiotic resistance gene, only 14 (35%) were found free
from any of the anti-microbial resistance gene (Table 3).
Most of the isolates (56%) contain blaZ gene followed by
ermB (33%), ermC 13.3% and each erm A and msrA was
detected in only 2% of the isolates. There was no any
isolate harboring the methicillin resistance mecA gene.
Sixteen (36%) of the isolates contained more than one
antibiotic resistance markers. The highest MDR gene
combination was observed by blaZ*ermB (31.25%) genes
and the least frequently occurred MDR gene
combinations were blaZ *ermA and msrA*ermB (3.12%)
each. Combination of blaZ *ermC showed intermediate
frequency (12.5%).

Sole blaZ gene was observed in 31.25% of the
isolates. Whereas, both msrA and ermA genes did not
appear alone in any of the isolates. Similarly, single drug
resistance markers, ermB and ermC genes were found in
12.5 and 6.25% of the isolates respectively. Summary of
the result has been indicated in Table 4.
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Table 4: Occurrence of multiple antimicrobial resistance genes among the
45 isolates

MDR Genes frequency 
blaZ* ermB 10 (22.2%) 
blaZ *ermC 4 (8.8%) 
blaZ,* ermA 1 (2.2%) 
ermB*msrA 1 (2.2%) 
subtotal 16 (35.5%) 

Of all the 45 isolates in which the PCR test was
performed, 16(35.5%) of them showed resistance on the
disc diffusion test contained the respective resistance
gene. High association between ampicillin resistance and
the presence of blaZ gene has been observed. Sixty eight
percent of the isolates harboring the blaZ gene were
found resistant to ampicillin. However, no association was
observed between the absolute phenotypic resistance to
erythromycin and the existence of the three resistance
gene since there was no any isolate found resistant to
erythromycin containing either of the three resistance
genes (ermA, ermB and ermC).

DISCUSSION

In the current study, an overall prevalence of 70.6%
Bovine mastitis was observed by using CMT. This higher
prevalence of mastitis is comparable with previous reports
from Ethiopia [14, 15] who reported a prevalence rate of
71.0 and 75.2% in dairy farms located at Holetta and Jimma
towns respectively. But higher than other study
conducted at Holetta, Sebeta, Bahir dar and Gondar towns
of Ethiopia [6, 17, 18, 22] that showed a prevalence rate of
56.2, 52.8,8.2 and 16.5% respectively. Difference on the
prevalence of mastitis among the studies in Ethiopia could
be due to difference between management system, milking
practices, productivity and breed of the animals as well as
their location [15, 6]. In the current study, Prevalence of S.
aureus is found to be 36.9% which is higher than the
finding of Marama et al. [6] who reported 15.3% at Holetta
area but lower than study of Sori and his colleagues [15]
who recorded 52.4% at Jimma town. The lower prevalence
by culture as compared to CMT could be due sporadic
shedding or lower concentration of the pathogen in the
milk [20]. In addition, migration of leukocytes to the site of
infection on the process of healing may contribute by
putting more amount of genomic DNA in the milk samples
which increase the CMT scoring [18]. In the current
study, 85% of the S. aureus isolates showed resistance to
at least one antimicrobial drug. This is similar to other
previous studies [15, 21], those reported an overall
antibiotic resistance rates of 92 and 97.5% at Jimma and

Central Ethiopia respectively. However in Brazil relatively
better susceptibility to antimicrobials (49.1%) has reported
by Rabello et al. [22]. These disparities might be
attributed to the type and quality of antimicrobials used
and the practice and application methods of these
antimicrobials both in animals and humans.

Mounted resistance to beta-lactam antibiotic
including Methicillin by S. aureus appears serious threat
to the globe. In the current study, higher resistance to
ampicillin (80%) was observed. This is comparable to the
previous reports [22, 23] from Gondar, Ethiopia (81.5%)
and Italy (88%) but higher than other reports [25, 26] from
Hawassa (67.9%), Ethiopia and Brazil (55%).The moderate
difference observed in susceptibility to ampicillin between
the current finding and the study conducted around
Hawassa, Ethiopia could be due to that majority of the S.
aureus isolates were obtained from innate objects (bucket
and milk storage containers)on the later study which
suggest other sources of contamination other than bovine
mastitis.

In the current study, the resistance rate for
Trimethoprim-Sulfamethoxazole was 23.3%. This is in line
with previous reports by Teshome et al. [27] from Somali
regional state of Ethiopia which was 25%, whereas,
different from Daka et al. [25] who reported a resistance
rate of 7.7% around Hawassa, Ethiopia. Tetracycline and
its derivatives are the most extensively used antibiotics in
Ethiopia for treatment of animal diseases. So that, certain
level of resistance to this drug was expected. Our finding
on resistance against tetracycline was 15% which is
nearly half of the figures observed at Gondar and Holleta
which are 29.6 and 33.3% respectively [23, 6]. However, it
matches with a report [26] from Brazil (14.7%). The
observed difference in resistance against the
antimicrobials among different studies could be due
difference in strain variability.

Minimum resistance against streptomycin (10%) was
observed on the current study as compared the finding
from Gondar, Ethiopia (48.2%) and somewhere else in
Nigeria (57.1%) [23, 28]. Pen-strip (combination penicillin
and streptomycin)is the most frequently used formulation
of treatment of mastitis at Gondar area [23]. Thus, the
observed difference between resistance to streptomycin
in these studies might be attributed to quality of the drug
related to the manufacturer type and choice of treatment
to mastitis over other drugs.

In the current study, the isolates were highly and
equally susceptible to erythromycin and chloramphenicol.
This is in agreement with the finding of Marama et al. [6]
at Holetta Ethiopia, Anueyiagu and Isiyaku [28] in Nigeria
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and Franca et al. [26] in Brazil, which indicates highest However, detection of high extent of beta-lactam
susceptibility to erythromycin. However, considerable resistance genes still remains big public health concern
resistance to erythromycin has been reported from Gondar since the resistance gene transfer among human and
(48.2%) and Hawassa (67.9%) [23, 25]. Likewise, higher animal Staphylococcus spp. isolates is highly likely
susceptibility to chloramphenicol has reported from [30,33&34]. Besides, the association between the
Jimma,  Gondar  and  somewhere  else in Nigeria [1, 23, 28]. presence of blaZ gene and phenotypic resistance against

Including our finding, most researches support high Ampicillin is strong. This finding magnifies the
level susceptibility of S. aureus to gentamycin [6, 21, 27]. significance of genotypic study of antimicrobial
This could be due to use of beta lactams and its resistance which can be utilized for prediction of possible
derivatives as first line drug for treatment of phenotypic outcomes as well as to design drug-resistance
Staphylococcus infection in most part of the country over prevention strategies. 
long period of time as compared to the aminoglycoside In S. aureus species, resistance to erythromycin is
(especially gentamycin) group [29]. Besides, achieved by expressing the genes ermA and ermC or
Unavailability of gentamycin in veterinary formulations in macrolide exporting proteins encoded by msrA gene.
the country could be the reason for least resistance and Constitutive resistance to erythromycin tends to be
high susceptibility for the bacterial infections in general. caused by expressing the gene ermA and the inducible

Multiple drug resistance is the ability of an organism phenotype is caused by ermC [35]. In the current study
to resist and grow against two or more antimicrobials. In among the three erythromycin resistance gene, ermB gene
this study, the isolates had shown inverse relation identified most frequently followed by ermC and ermA.
between the Multi-drug resistance nature and the number This is different from the finding of Franco et al. [26] who
of antimicrobials applied. The MDR pattern reduces as the reported ermC as the most frequently detected gene
number of antibiotics applied per isolate increased. This followed by ermB and ermA. Though significant
observation match with the finding of Sori et al. [16] who proportion of the isolates contained either of the
demonstrate MDR pattern of 25, 10.45 and 7% for two, erythromycin resistance genes in the present study, the
three and four or above number of drugs respectively. resistance to erythromycin was almost none. The possible
However it differs from Teshome et al. [27] who record explanation for this phenomenon could be the
MDR of 34.8% of the isolates for three but 8.7% for two involvement of more number of genes for absolute
antimicrobials. The difference observed in the pattern of phenotypic resistance and even the contribution of
MDR could be explained by group of drugs with similar regulatory elements located in the chromosomes which
chemical structure and mechanism of action may exhibit are not included to be detected in the experiment.
cross-resistance despite the number of drugs involved. However it should be noted that high proportion of

The gene blaZ codes for an enzyme beta-lactamase intermediate resistance against the drug could be related
which hydrolyses beta-lactam of penicillin and its with the existence of these resistance genes. 
derivatives. It can be located at mobile elements of the
chromosomal DNA such as transposons and insertion Limitations of the Study: Due to lack of resources, we
sequences (IS) or inside the extra-chromosomal DNA, the could not include more samples especially for the
plasmids [30].In our study, it was found that, this gene is molecular study. Primers designed were limited only for
widely spread among the isolates (80%) which shows three resistance gene groups (items) of antibiotics (beta-
consistency of the current finding with Duran et al. [31] lactam, methicillin and erythromycin). We tried to detect
and Franca et al. [26] who reported 93.5 and 45.8% blaZ resistance genes located at plasmid DNA excluding the
gene distribution respectively. The result obtained in this genomic DNA.
study may even underestimate the real distribution of the
same gene since isolates containing chromosomally CONCLUSIONS
located blaZ had been excluded through the Plasmid
DNA extraction process. Methicillin resistant S. aureus In spite of the existence of infant intensive farming
strains are characterized by the presence of the mecA system in Ethiopia, the increment of S. aureus resistance
gene encoding low-affinity penicillin binding protein to antimicrobial agents is well established and the
(PBP2), which mediates resistance to all class of â-lactam resistance markers are also identified. Focus should be
antibiotics [32]. In the current study no isolate was found given to increase the awareness of the community about
which carry the Methicillin resistance gene mecA, consumption of heat untreated dairy products to avoid
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risk of antimicrobials resistance treat transfer between 10. OIE (World Organisation for Animal Health), 2012.
organisms. Improvement on veterinary service delivery to Manual of diagnostic tests and vaccines for terrestrial
avoid subjective treatment of animals by non- animals (mammals, birds and bees). 7  ed., Vol. 2.
professionals could be supportive. Besides, further 11. Kirby, W.M., A.W. Bauer, J.C. Sherris and M. Turck,
studies should be conducted to obtain full figure of 1966. Antibiotic susceptibility testing by single disc
phenotypic as well as genotypic antimicrobial resistance method. Am J Clin Pathol, 45: 4.
pattern country wise. 12. NCCLS, 2007. National Committee for Clinical

Abbreviations: CMT, California milk test, MDR, Multi- antimicrobial susceptibility testing: seventeenth
drug resistance, PCR, Polymerase chain reaction. informational supplement, 31: 1.
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