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Background and Purpose: Staphylococcus aureus is a common pathogen responsible for causing various human and animal 
infections and is well known for its ability to develop resistance to multiple antibiotics. This study aimed to evaluate the occurrence of 
methicillin-resistant Staphylococcus aureus (MRSA) in bulk milk and dairy farms in northwestern Ethiopia and to determine their 
phenotypic and genotypic antimicrobial susceptibility patterns.
Methods: We collected 50 bulk milk samples from 50 dairy farms and 50 hand swabs from dairy milkers. The cefoxitin disk diffusion 
test and PCR-based assays were used to identify MRSA isolates. In addition, cefoxitin-resistant isolates were tested for susceptibility 
to other antibiotics using the Kirby-Bauer disk diffusion method.
Results: The results showed that MRSA was detected in 8 samples: 6 from bulk milk samples (12%) and 2 from hand swabs (4%). All 
MRSA isolates exhibited a high resistance rate to penicillin (100%), followed by tetracycline (75%), ciprofloxacin (25%), chloram-
phenicol (25%), erythromycin (25%), gentamycin (12.5%), and trimethoprim-sulfamethoxazole (12.5%). Moreover, 72% of the 
isolates showed resistance to three or more antibiotic classes and were classified as multidrug-resistant.
Conclusion: This study identified methicillin-resistant Staphylococcus aureus and multidrug-resistant MRSA in bulk milk and dairy 
farms in northwestern Ethiopia. These findings highlight the potential risk of transmission of these antibiotic-resistant bacteria to 
humans and the need for improved antibiotic stewardship in the dairy sector using the One Health approach.
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Introduction
Milk is a rich source of fats, proteins, carbohydrates, minerals, and vitamins essential for the development of mammals. 
Nevertheless, it is also an excellent medium for growing and sourcing several foodborne pathogens.1,2 In many low- and 
middle-income countries (LMICs), milk and dairy products are produced by smallholder farmers under unsanitary 
conditions, making them vulnerable to contamination by pathogenic microorganisms.3–6 At the farm level, milk can 
be contaminated with pathogenic microorganisms through the exterior of the udder and adjusting areas, dairy utensils, the 
hands of the dairy worker, and the environment.7,8

Staphylococcus aureus (S. aureus) is a significant pathogen affecting humans and animals. It has long been 
recognized as a worthy cause of mastitis in cattle, with infected udder of animals serving as a vital reservoir and having 
the ability to shed through their milk.9–11 Staphylococcal mastitis compromises the health of animals and harms the 
economy of nations by reducing production and decreasing milk quality.10 In humans, S. aureus is one of the primary 
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causes of food-borne diseases. It results from the contamination of food by highly heat-stable staphylococcal 
enterotoxins.12,13 It is commonly reported as a bacterial hazard in animal-derived foods in Ethiopia and other East 
African countries.14

Antimicrobials are commonly and often inappropriately used on dairy farms, leading to the development of 
drug resistance that has progressed from single-drug to multi-drug-resistant strains.15,16 Methicillin-resistant 
Staphylococcus aureus (MRSA) strains are resistant to methicillin and related anti-staphylococcal drugs.17 This resis-
tance is due to the acquisition of the mecA gene, which encodes a modified penicillin-binding protein called PBP2a with 
a low affinity for beta-lactam antibiotics. The mecA gene indicates potential resistance and serves as a marker for 
identifying MRSA.18

MRSA infections are becoming a growing global health concern in human and veterinary medicine.19 Livestock- 
associated MRSA (LA-MRSA) has recently emerged and has been detected in different livestock species, foods of 
animal origin, and humans.20–25 LA-MRSA demonstrates a greater capacity for establishing and transmitting within 
livestock herds, posing a higher potential for spreading and infecting humans compared to other human MRSA 
strains.19,26

In disk diffusion tests, cefoxitin is considered the best indicator of MRSA due to its increased sensitivity, specificity, 
and strength as an inducer of mecA. However, PCR-based detection of the mecA gene is still the gold standard for 
identifying MRSA isolates.27,28 Several studies have been carried out in Ethiopia to investigate MRSA infections in 
different regions of the country.29–36 However, there is a lack of information regarding MRSA in raw bulk milk and 
among farm workers. Thus, the aim of this study was to detect MRSA strains from bulk milk and dairy milkers and 
determine their phenotypic and genotypic antimicrobial profiles.

Materials and Methods
Study Area and Farm Characteristics
The study was conducted on dairy farms located in the town of Debre Markos, the administrative center for East Gojjam in 
the Amhara regional state. Debre Markos is located 300 kilometers northwest of the capital, Addis Ababa. The geographical 
location of the study area is situated between 10°17′00″ and 10°21′30″ N latitude and 37°42′00″ to 37°45′30″ E longitude, 
and its elevation ranges from 2350 to 2500 m above sea level (Figure 1).

In recent years, small-scale urban and peri-urban dairy farms have rapidly grown throughout the city, serving as an 
income generator by selling milk and milk products and live animals. The dairy herd comprises an average of 50 
lactating cows milked twice daily. Owners of cows or farm workers usually milk their animals by hand and store the milk 
in cans at room temperature for sale and daily consumption. As a result, this practice leads to an increase in milk with a 
high level of microbial contamination, which adversely affects the safety and quality of milk.

Study Design and Sampling
The present cross-sectional study was conducted from November 2020 to June 2021 on 50 dairy farms. The study 
included all available, personally funded, and microenterprise dairy farms. Four of the 54 dairy farms contacted had no 
lactating cows and ceased milk production during the study period. Therefore, 50 dairy farms were included in the study. 
The data collection methods used were 1) a structured questionnaire to assess the overall general characteristics of the 
farm and 2) direct observations of the hygiene practices conducted on farms.

Approximately 100 mL of bulk milk samples per type of farm were aseptically collected using sterile falcon tubes. 
Hand swabs were collected from 50 dairy milkers involved in milking cows using cotton-tipped swabs kept in transport 
media (1 farm worker per farm). The samples were immediately transported in an icebox to the microbiology laboratory 
of the Debre Markos referral hospital for bacteriological analysis.

S. aureus Isolation and Identification
One milliliter of each collected sample was enriched in 10 mL of Tryptone soya broth (Himedia, India) at 37 °C for 18–24 
hrs. Next, bacterial cultures were individually inoculated on the selective medium, mannitol salt agar (MSA) (Himedia, 
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India). The plates were incubated aerobically at 37 OC for 18–24 hrs. Golden-yellow colonies on the MSA plate were 
considered presumptive S. aureus. Afterward, the oxidation fermentation (OF) test was performed to distinguish the 
Staphylococcus species from the Micrococcus species. Subsequently, potential Staphylococcal colonies grew on mannitol 
salt agar and fermented on OF media, were subcultured on blood agar with 5% sheep blood (Oxoid, UK). The colonies with 
beta-hemolytic patterns on blood agar were kept, and further identifications were done by conventional methods (oxidase 
test, DNase test, catalase test, and coagulase tube test) according to the procedure outlined by37,38.

Cefoxitin Disk Diffusion Method
Cefoxitin susceptibility testing was employed with 30 µg of cefoxitin disks to identify methicillin resistance, following 
the Clinical Laboratory Standards Institute (CLSI) criteria.39 The identified isolate inoculum was prepared by adjusting 
the turbidity to 0.5 McFarland standards and was inoculated on a Mueller Hinton agar plate (Himedia, India). The disks 
were applied to MHA, and the plates were incubated at 37 °C for 24 h. Isolates that showed an inhibition zone ≤ 21 mm 
were considered to be MRSA, whereas isolates that showed an inhibition zone ≥ 22 mm were identified as MSSA 
(Methicillin-sensitive S. aureus), respectively.39 A standard strain of MRSA (ATTC 33591) and MSSA (ATTC 25923) 
were used as positive and negative controls in all assays, respectively. All phenotypically confirmed and purified MRSA 
isolates were preserved in Brain Heart Infusion (BHI) broth (Himedia, India) with 20% glycerol at −20 °C for further 
molecular conformation.

DNA Extraction and Polymerase Chain Reaction
Overnight cultures in BHI broth (Himedia, India) were used for DNA extraction. The extraction process was done using 
a Bio Basic Genomic DNA Extraction Kit (Bio Basic Group, Canada) according to the instructions of the manufacturer. 

Figure 1 Geographic location of the study area.
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A Nanodrop 2000 Spectrophotometer (Thermo Scientific TM, USA) was used to check the concentration and quality of 
isolated DNA.

Cefoxitin-resistant isolates were further subjected to PCR (polymerase chain reaction) to detect the presence of the 
mecA gene using primers and protocols as described previously.40,41 Amplification was done using the Prima 96 Plus 
Thermal Cycler (Himedia, India). Initial denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C 
for 1 min, annealing at 60°C for the subsequent 40s, extension at 72°C for 1 min, and final extension at 72°C for 10 min. 
PCR products were submitted to electrophoresis in a 1.5% (w/v) agarose gel (Bio Basic Inc. Canada) stained with 10 mg/ 
mL ethidium bromide. The electrophoresis was carried out at 120 V for 40 min in 1X TAE buffer (40 mM Tris, 1 mM 
EDTA, and 20 mM glacial acetic acid, pH 8.0). A 100-bp DNA molecular weight marker (Solis BioDyne, Estonia) was 
used to estimate the size of the product. The resulting band pattern was visualized and recorded using a gel documenta-
tion system (BioRAD, USA).

Antimicrobial Susceptibility Testing
The Kirby-Bauer disc diffusion method was used to determine the antimicrobial susceptibility profile of MRSA isolates 
according to the CLSI guidelines.39 The antimicrobials tested included those of relevance for the treatment of MRSA 
infections in humans and animals, namely, penicillin (10 μg), tetracycline (30 μg), gentamycin (10 μg), chloramphenicol 
(30 μg), erythromycin (15 μg), ciprofloxacin (10 μg), and trimethoprim-sulfamethoxazole (25 μg). The antimicrobials 
used in this study were obtained from Thermo Scientific™ Oxoid™, United Kingdom.

Data Analyses
The data collected was coded and entered into the Microsoft Excel spreadsheet (Microsoft ® Office Excel 2016). The 
statistical software SPSS (Statistical Package for Social Sciences), version 23 (IBM, USA) was used for the analysis. 
Descriptive statistics were carried out to describe the results of the occurrence and hygiene practices at the farm level.

Results
A total of fifty dairy farms of three different types were enrolled: family 10 (20%), enterprise 22 (44%), and private 18 
(36%) (Table 1). In this study, 50, 32, and 18% of farms had concrete, soil, and stone slabs, respectively. About 60% of 
dairy farms possess lactating cows 20–50, while 28% have 1–20 and are managed under semi-intensive production 

Table 1 Background Information on Farm Characteristics and Isolation Frequency of S. aureus and MRSA from Bulk Milk and Hand 
Swab Samples in 50 Dairy Farms in Debre Markos, Ethiopia

Parameters Category No. of Each 
Sample

No. S. aureus (%) No. of MRSA (%)

Bulk Milk Hand Swab Bulk Milk Hand Swab

Farm type Family 10 1 (10) 0 1 (10) 0

Enterprise 22 7 (31.8) 2 (9) 3 (13.6) 2 (9)

Private 18 3 (16.7) 1 (18.7) 2 (11.1) 0

Farm system Intensive 0 0 0 0 0

Semi-intensive 50 11 (22) 3 (6) 6 (12) 2 (4)

Extensive 0 0 0 0 0

Feeding system Free grazing 5 2 (40) 1 (20) 0 1 (20)

Stall feeding 10 4 (40) 0 2 (20) 0

Semi-grazing and 

trough-feeding

35 5 (14.2) 2 (5.7) 4(11.4) 1 (2.8)

(Continued)
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systems. The assessment revealed that only 5 (10%) practiced pre- and post-teat dipping, and 10 (20%) employed hand 
washing before and between the milking process (Table 1).

In total, 100 samples were sampled, comprising 50 bulk milk samples and 50 hand swab samples. The collected 
samples were tested for potential staphylococci by broth enrichment and culture on MSA selective plates. Out of 100 
samples, 75 revealed bacterial growth. Based on morphological traits and biochemical assays, S. aureus was found in 14 
of the 100 samples. The positivity constituted 11 isolates in bulk milk samples and 3 in workers’ hand swab samples 
(Figure 2). S. aureus was detected at the farm level in 11 of 50 (22%) dairy farms.

Eight of the 14 S. aureus isolates were confirmed to be MRSA based on resistance to cefoxitin and PCR-based 
detection of the mecA gene (for detailed gel image analysis, see Figure S1. The occurrence rate of MRSA in S. aureus 

Table 1 (Continued). 

Parameters Category No. of Each 
Sample

No. S. aureus (%) No. of MRSA (%)

Bulk Milk Hand Swab Bulk Milk Hand Swab

Floor-type Stone slab 9 2 (22.2) 0 0 0

Concrete 25 6 (24) 3 (12) 5 (20) 2 (8)

Soil/sandy 16 3 (18.8) 0 1 (6.3) 0

Ventilation system Good 8 1 (12.5) 0 1 (12.5) 0

Moderate 13 3 (23) 1 (7.6) 1 (7.6) 1 (7.6)

Poor 29 7 (24.1) 2 (6.9) 4 (13.8) 1 (3.4)

Number of milking cows 1–20 14 3 (21.4) 1 (7.4) 1 (7.4) 1 (7.4)

20–50 30 6 (20) 2 (6.6) 3 (10) 1 (3.3)

>50 6 2 (33.3) 0 2 (33.3) 0

Hand washing before and between 

milking

Yes 10 3 (30) 0 0 0

No 40 8 (20) 3 (7.5) 6 (15) 2 (5)

Pre and post-teat dipping Yes 5 2 (40) 1 (20) 2 (20) 1 (20)

No 45 9 (20) 2 (4.4) 4 (8.8) 1 (2.2)

Figure 2 The overall distributions of S. aureus, MRSA, and MSSA in bulk milk and hand swabs of farm workers among 50 investigated dairy farms in Debre Markos, Ethiopia.
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isolates was 57.1% in the present study. All (100%) of the cefoxitin-resistant isolates yielded positive results for the 
mecA gene, as shown in Table 2.

Six MRSA isolates were obtained from bulk milk samples, including 1 from a family (10%), 3 from an enterprise 
(13.6%), and 2 from private farms (11.1%). Two (9%) MRSA isolates were also detected from hand swabs collected from 
an enterprise farm (Table 1). Regarding ventilation systems, MRSA strains were most commonly detected in poor 
ventilation systems that lacked proper maintenance and cleaning practices. Detection of MRSA was more frequent in 
isolates from farms (80%) that did not practice hand washing before and between milking compared to isolates from 
farms that followed proper hand hygiene protocols (Table 1).

The antimicrobial susceptibility test revealed that all MRSA isolates showed 100% resistance to penicillin (Figure 3). 
Resistance to tetracycline was detected at a higher rate in six (75%) isolates. Only one isolate was resistant to gentamycin 
(12.5%). A high rate of antibiotic sensitivity was demonstrated against trimethoprim-sulfamethoxazole (87.5%) and 

Table 2 Phenotypic, Genotypic, and Antimicrobial Resistance Profiles of MRSA-Positive 
Isolates

Source Isolate ID Resistance. to  
Cefoxitin

mecA PCR  
Detection

Antimicrobial Resistance Profile

Bulk Milk 03M + + ERY-CIP-TMP-SMX-TET-PEN

09M + + GEN-TMP-SMX-TET-PEN

10M + + CIP-TMP-SMX-TET-PEN

16M + + TMP-SMX-TET-PEN

21M + + TMP-SMX-PEN-CHL

46M + + TET-TMP-SMX-PEN-CHL

Hand swab 30H + + TMP-SMX-PEN-ERY

32H + + TMP-SMX-CHL-PEN

Total 8 8

Abbreviations: TET, tetracycline; GEN, gentamicin; PEN, Penicillin; CIP, Ciprofloxacin; TMP-SMX, trimethoprim- 
sulfamethoxazole; ERY, erythromycin; CHL, chloramphenicol.

Figure 3 Summary of the antibiotic susceptibility test results of MRSA isolates.
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gentamycin (87.5%), followed by erythromycin (75%) (Figure 3). Moreover, 75% of the isolates showed resistance to 
three or more antibiotic classes and were determined as multidrug-resistant (MDR).

Discussion
Drug resistance is increasing at an alarming rate globally, which worsens the treatment and control of microbial diseases. 
The problem is more pronounced in developing countries, where infectious disease is more prevalent. This is due to the 
illegal and misused access to drugs in drug stores, local traders, and non-governmental organizations without the 
prescription of physicians and veterinarians.42 Among the global reports on antimicrobial resistance, MRSA is one of 
the MDR strains with a wide range of resistance to various groups of antibiotics. The occurrence rates of S. aureus and 
MRSA contamination in raw bovine milk have been widely reported and potentially threaten human health. In Ethiopia, 
the prevalence of MRSA has been reported in different regions, which implies an increasing spread of this multidrug- 
resistant pathogen in humans and animals.29,43

This study assessed the occurrence of S. aureus and MRSA on 50 dairy farms. Overall, 100 samples containing 50 
bulk milk samples and 50 hand swabs were evaluated for methicillin resistance by cefoxitin disk diffusion testing and 
mecA-specific PCR. In this study, the overall occurrence of S. aureus on the investigated farms was 22%. Similar 
findings were reported by other authors that revealed the presence of 21.46% and 22.14% S. aureus in dairy farms located 
in the Bishoftu and Assosa towns, respectively.33,36 These agreements may be due to close similarities between the 
agroecological zones of the regions, and the laboratory procedures used to identify the target bacterium. The rate of 
contamination found in the present study was lower than that reported by,44 who investigated the 85% detection of S. 
aureus in dairy farms in Greece. Other studies on dairy farms in different countries have reported an occurrence rate 
ranging from 2.16% to 62%.45–48 The variations might be associated with the difference in sample size, different risk 
factors, management problems, the level of awareness of the disease among the farm owners, the species affected, and 
environmental variations.

MRSA was found in 12% of the sampled farms, comparable to the 13.2% reported by49 in a similar study conducted 
in selected dairy farms around Addis Ababa, Ethiopia. The low reports of MRSA suggest that disease management on 
farms is good, including regular cleaning and disinfection of dairy equipment and proper antibiotic use. Nonetheless, the 
present study disagrees with31 and,50 who presented 61% and 31% farm-wise occurrences of MRSA in Mekelle and 
Sebeta, Ethiopia, respectively. The differences in the reports are primarily due to the type of milk sample used; in this 
case, samples were taken from clinically mastitic milk, which can contain high levels of S. aureus. However, the current 
results showed a higher detection rate than reports from other countries, with percentages of 4.4% and 4.8%.2,51 This 
variation is typically associated with the sample size and type, the methods used to identify the pathogen, the species of 
animal, and the overall hygienic status of dairy farms and personnel.

In this study, the highest proportion of MRSA was recovered from the raw milk sample (75%), compared to the hand 
swab (25%), which is a comparable finding with,33 who identified higher detection from raw milk (25.5%) than milk 
handlers (19.23%). This finding is also consistent with a study conducted in Indonesia,52 where MRSA detection was 
more common in pooled milk than in close-contact humans. This result may be affected by the hygienic status of the milk 
handlers since antiseptic usage may compromise the recovery rate of the pathogen.

The antibiotic sensitivity result of this study showed that MRSA isolates were susceptible to antibiotics like 
trimethoprim-sulpha (87.5%), gentamycin (87.5%), erythromycin (75%), chloramphenicol (62.5%), and ciprofloxacin 
(62.5%), which is in line with studies conducted by53 in Assam, India, and54 in Italy. In contrast, a study from Ethiopia29 

found a high level of trimethoprim-sulfamethoxazole resistance (76.9%) in MRSA isolates. The variation in the 
resistance profile of the bacteria may be due to differences in drug availability and the diversity of the source isolates. 
Conversely, 100% resistance isolates were recorded against cefoxitin and penicillin antibiotics, which is highly consistent 
with the studies conducted in Assam, India,53 and Libya.55 High multidrug resistance in bacteria can have significant 
consequences for both human and animal health.56 Infection caused by MDR MRSA results in increasing healthcare 
costs, mortality rate, and limited treatment options. Overall, it has a significant impact on disease management. 
Therefore, the development of new antibiotics and the exploration of alternative treatment strategies are needed to 
provide solutions. In this study, 75% of the isolates were MDR, indicating an alarming issue in the dairy sector and 
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humans. This aggressive increment in the resistance rate can be related to the ability of pathogens to accumulate 
antibiotic-resistant genes coupled with the indiscriminate use of antibiotics.57

Conclusions
The present study investigated the occurrence of MRSA in bulk milk and dairy farms in northwestern Ethiopia, which 
could pose an increased risk to consumers of dairy products. Our results underline the need for continued comprehensive 
research and mentoring programs to better understand the prevalence and spreading of multidrug-resistant MRSA in 
smallholder dairy farming systems. Our detection of MRSA in both the milk of farms and farmworkers suggests the 
potential transmission of these pathogens between animals and humans in agricultural settings. Thus, efforts to better 
understand the pathogen are needed, with molecular typing investigations giving us clues regarding the genetic 
relatedness and transmission dynamics of MRSA in dairy farms. The study has limitations concerning the mecC gene, 
a novel variant of the mecA gene (formerly mecALGA251). Despite this limitation, the study demonstrates the 
occurrence of MRSA and the presence of multidrug-resistant MRSA in dairy farms for the first time in north-western 
Ethiopia and the potential role of animal-to-human transmission in the spread of MRSA.
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