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Staphylococcus aureus is a contagious pathogen that can cause various diseases in both humans and animals. Antimicrobial-
resistant S. aureus is becoming an extremely important global health problem. A cross-sectional study was conducted from
December 2019 to May 2020 to assess the occurrence of S. aureus and its antimicrobial susceptibility profiles in milk and
traditionally processed dairy products in selected subcities of Addis Ababa. A total of 255 dairy product samples (175 raw
milk and 80 traditionally processed dairy products) were collected from farms and retail markets. Samples were cultured
for S. aureus according to standard microbiology techniques, and the Kirby–Bauer disk diffusion method was used to
assess antimicrobial susceptibility of isolates to a panel of 12 antimicrobials. Susceptibility to methicillin was determined
based on the sensitivity of isolates to cefoxitin, and resistant isolates were investigated for the presence of mecA and mecC
genes using PCR. Staphylococcus aureus was isolated from 43 (24.6%) of milk, 7 (17.5%) of yogurt, and 2 (5%) of cottage
cheese. A significantly higher rate of contamination with S. aureus was recorded among milk samples compared to yogurt
and cottage cheese (p = 0:019). Out of 52 S. aureus isolates investigated for susceptibility to 12 antimicrobials, 49 (94.2%)
of the isolates were resistant to ampicillin and 42 (80.8%) to amoxicillin+clavulanic acid. Twenty (38.5%) of the isolates
were methicillin-resistant S. aureus (MRSA) based on susceptibility to cefoxitin. However, only one of these isolates (5%)
was positive for mecA gene, and none of them were positive for the mecC gene. There was no significant difference
(p > 0:05) in the rate of occurrence of MRSA among isolates from different sources. In conclusion, this study demonstrated
a significant level of contamination of milk and dairy products with S. aureus and most isolates were multidrug resistant.
The occurrence of MRSA in raw milk and dairy products signifies a serious public health threat as the practice of
consuming raw dairy products in the study area is widespread. The lack of agreement between phenotypic and genotypic
detection of MRSA suggests the need for further study to identify the genetic basis for the observed resistance phenotype.

1. Introduction

Dairy products including milk have long been recognized as
an important food for human physical and cognitive devel-
opment due to the nutrients contained which are essential
for growth and healthy development [1]. However, dairy
products may contain pathogenic microorganisms and have
a role in the transmission of these to humans [2]. Staphylo-
coccus aureus is one of the most pathogenic bacteria isolated
from milk. Staphylococcus aureus can be detected in milk due

to contamination while milking or may originate from the
milk obtained from cows affected by subclinical mastitis
cases caused by S. aureus or due to post harvest contamina-
tion [3–6]. Subclinical mastitis caused by S. aureus and other
pathogens was shown to seriously impact yield and composi-
tion of milk from dairy cows [7].

Milk contaminated with S. aureus can serve as a source of
serious infections and staphylococcal associated toxins [2, 8].
Treatment of animals with clinical and subclinical mastitis
with antimicrobials is commonly practiced to mitigate the
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economic and health consequences of mastitis in dairy cattle.
However, the success of this therapy can be hampered by the
high number of microorganisms resistant to certain anti-
microbials due to their inappropriate use. In addition,
antimicrobial-resistant S. aureus isolates and associated
resistant genetic markers can be transferred to humans
through the food chain, presenting additional public health
concern [9]. Of all the resistance traits, methicillin-resistant
S. aureus (MRSA) is clinically the most important, since
MRSA isolates are resistant to most commonly prescribed
class of betalactam antimicrobials [10].

Previous studies reported that 23.4% and 24.2% of raw
cow milk samples were contaminated with S. aureus in cen-
tral Ethiopia [11] and in north-western Ethiopia [3]. High
rates of resistance to commonly used antimicrobials were
also reported. For instance, Ayele et al. [11] reported that
100% of isolates were resistant to cefoxitin (methicillin),
98.5% to penicillin G, and 77.9% to streptomycin whereas
Mekonnen et al. [3] reported 86% resistance to penicillin/am-
picillin and 54% resistance to tetracycline; however, none of
the isolates were resistant to methicillin. Understanding the
prevailing situation of S. aureus in dairy products at various
levels of production and their antimicrobial susceptibility is
important to guide the appropriate use of antimicrobials in
animals and humans as well as to devise possible alternatives
to mitigate the burden of antimicrobial-resistant strains.
Therefore, this study is aimed at investigating occurrence of
S. aureus and antimicrobial susceptibility profile of isolates
from milk and other dairy products in Addis Ababa, Ethiopia.

2. Materials and Methods

2.1. Study Area. The study was conducted in Addis Ababa,
the capital city of Ethiopia from December 2019 to May
2020. Addis Ababa lies in the central highlands of Ethiopia
at an altitude of 2350m above sea level located at 9° 1′48″
N and 38° 44′ 24″E. The average annual temperature in
Addis Ababa is 16.3°C whereas average annual precipitation
is 1143mm [12]. The city is divided in to 10 subcities, of
which the following five subcities were selected using simple
random sampling technique for this study, namely, Akaki
Kality, Nifas Silk Lafto, Kirkos, Yeka, and Arada (Figure 1).

2.2. Study Population. The study population was dairy farm
owners in Addis Ababa who were currently producing milk
and retail shops involved in selling traditionally processed
dairy products (yogurt and Ethiopian cottage cheese) that
are commonly consumed in the city. Urban dairy farms are
contributing significantly towards filling in the large demand
for dairy products in Addis Ababa.

2.3. Study Design and Sample Size Determination. A cross-
sectional study was conducted from December 2019 to May
2020 to investigate the occurrence and antimicrobial suscep-
tibility of S. aureus in milk and dairy products. Sample size
was determined using the formula described previously [13]
with 95% confidence, desired absolute precision of 5% and
an expected 12.6% prevalence of S. aureus in raw milk from
previous study [14] and 5% in dairy products (yogurt "Ergo"

and cottage cheese "Ayib") [15]. This resulted in minimum
sample size of 169 for raw cow milk and 73 for other dairy
products. However, a total of 255 samples (175 raw milk
and 80 other dairy products) were collected for greater study
power.

2.4. Sampling Methodology and Sample Collection. The five
subcities were selected using a simple random sampling tech-
nique. Representative “Woredas” (districts) (smallest admin-
istrative units) and dairy farms were then selected from these
subcities using systematic random sampling technique based
on the list of Woredas and dairy farm owners. The sampling
frame used for selection of the dairy farms was a list of house-
holds registered by the Addis Ababa Farmers and Urban
Agricultural Commission. The number of samples was pro-
portionally allocated to each subcity based on the number
of farms available in each Woreda. All raw cow milk samples
were collected directly from dairy farmers, whereas tradition-
ally produced yogurt and cottage cheese (n = 40 each) were
collected from retail dairy product vendors in the study area.
Inclusion of dairy product vendors was carried out by search-
ing for shops selling traditionally processed yogurt and cot-
tage cheese in specific Woredas during dairy farm visits.
Every other shop along our way was included until the
required sample size was fulfilled.

From each sampling unit, 25ml of mixed raw milk from
cows in a farm, 25 g of cheese, and 25ml of each yogurt sam-
ple from dairy product vendors were collected in a sterile
screw-capped bottles. Strict aseptic procedures were followed
when collecting milk samples in order to prevent contamina-
tion. The bottles containing samples were labeled and trans-
ported to Microbiology Laboratory, Aklilu Lemma Institute
of Pathobiology, Addis Ababa University, in ice box contain-
ing ice pack within 3-4 h of collection.

2.5. Bacterial Isolation and Identification. Upon arrival at the
laboratory, 25 g/ml of each sample was diluted separately in a
225ml of Tryptic Soy Broth (TSB) with 10% sodium chloride
(Oxoid, Hampshire, UK) and thoroughly mixed. Samples
were then incubated at 37°C for 24 h. A loopful of suspension
was then streaked onto a Mannitol Salt Agar plate (Oxoid,
Basingstoke, Hampshire, England) and incubated at 37°C
for 24 h. Typical presumptive S. aureus colonies character-
ized with golden yellow pigmentation were then transferred
into nutrient broth and incubated at 37°C for 24 h. The pre-
sumptive S. aureus isolates were confirmed using standard
microbiological and biochemical tests: the Potassium
Hydroxide (KOH) test, catalase, and coagulase tests. Staphy-
lococcus aureus ATCC25923 was used as a reference strain.

2.6. Antimicrobial Susceptibility Testing and PCR-Based
Detection of mec Genes. Staphylococcus aureus isolates were
tested for their susceptibility to commonly used antimicro-
bials on Mueller Hinton Agar (MHA) (Oxoid, Hampshire,
UK) using Kirby–Bauer disk diffusion method as described
by the Clinical Laboratory Standards Institute guidelines
[16]. Susceptibility of S. aureus isolates was tested for 12
antimicrobials, namely, tetracycline (30μg), amoxicillin-
clavulanic acid (30μg), ampicillin (10μg), cephalothin
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(30μg), ciprofloxacin (5μg), ceftriaxone (30μg), gentamicin
(10μg), cefoxitin (30μg), erythromycin (15μg), cefoxitin
(30μg), chloramphenicol (30μg), and trimethoprim+sulfa-
methoxazole (1.25/23.73μg).

Staphylococcus aureus isolates were grown on Mueller
Hinton broth for 4-5 h at 37°C, and its concentration was
adjusted to 0.5 McFarland standards. The inoculum was
evenly spread on MHA plate using sterile cotton swab, and
antimicrobial discs were placed 15 minutes after bacterial
inoculation. The plate was then incubated at 37°C for 24h,
and the diameter of zone of inhibition was measured to the
nearest millimeter using caliper. The interpretation of the
categories of susceptible, intermediate, or resistant was based
on the CLSI guidelines [16]. Phenotypic identification of
MRSA was based on resistance to cefoxitin [17]. Reference
strain of S. aureus ATCC25923 was used as a quality control
organism. Molecular detection of mecA and mecC genes was
performed using PCR as previously described [18] using for-
ward and reverse primer pairs: 5′-TCCAGATTACAACTTC
ACCAGG-3′ and 5′-CCACTTCATATCTTGTAACG-3′
and 5′-GAAAAAAAGGCTTAGAACGCCTC-3′ and 5′-
GAAGATCTTTTCCGTTTTCAGC-3′, respectively. The
expected amplicon size for mecA was 162 bp while that of
mecC was 138 bp.

2.7. Statistical Analysis. Descriptive statistics were utilized to
summarize the information collected in the different stages of
this study. The prevalence of S. aureus in milk and dairy
product samples was calculated, and the association between
different risk factors with S. aureus sample positivity was
assessed using the Chi-square test. Logistic regression was
used to explore the assocation between type of sample and
increased odds of being positive for S. aureus.

2.8. Ethical Consideration. Ethical approval to conduct this
study was obtained from the Institutional Review Board of
Aklilu Lemma Institute of Pathobiology (ALIPB), Addis
Ababa University, with (Ref No.: ALIPB IRB/009/2012/20).
Verbal consent was obtained from dairy farm owners and
dairy product vendors after explaining the purpose and
importance of the study prior to start of data collection. Par-
ticipation of the dairy farmers and dairy product vendors was
solely based on their willingness.

3. Results

3.1. Prevalence of Staphylococcus aureus in Raw Milk and
Other Dairy Products. Staphylococcus aureus was detected
in 43 (24.6%) of milk samples, 7 (17.5%) of yogurt "Ergo"
samples, and 2 (5%) of cottage cheese “Ayib” samples. The
prevalence of S. aureus was significantly higher in milk and
yogurt samples when compared to cheese samples (p < 0:05
). The odds of detecting S. aureus from cheese was signifi-
cantly lower as compared to raw milk and yogurt
(OR = 0:16, 95% CI: 0.04-0.70) (Table 1).

Occurrence of S. aureus in milk and other dairy products
ranged from 0% in traditionally processed cheese and yogurt,
to as high as 28.6% in milk samples. There was no statistically
significant difference in isolation of S. aureus from milk and
traditionally processed dairy products collected from differ-
ent subcities (p > 0:05) (Table 2).

3.2. Antimicrobial Susceptibility Profiles of Staphylococcus
aureus Isolates. This study demonstrated the existence of
high levels of resistance to commonly used antimicrobials
in S. aureus isolates from milk and other dairy products. Of
the 52 S. aureus isolates tested for susceptibility to 12 antimi-
crobials, the highest rate of resistance was observed to
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Figure 1: Map of Addis Ababa, showing the five subcitiess involved in the study.
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ampicillin (n = 49, 94.2%) followed by amoxicillin-clavulanic
acid (n = 42, 80.8%) and the lowest rate was noted for ceftri-
axone (n = 1, 1.9%). Twenty-four (46.2%) of the S. aureus

isolates were resistant to tetracycline, and 20 (38.5%) of iso-
lates were resistant to sulfamethoxazole+trimethoprim.
Resistance to cefoxitin, which was defined as methicillin-

Table 1: Prevalence of Staphylococcus aureus in raw milk, yogurt, and cottage cheese collected in Addis Ababa, Ethiopia.

Sample type No. tested No. (%) positive χ2 p value OR (95% CI)

Raw milk 175 43 (24.6)

7.93 0.019

Reference

Yogurt 40 7 (17.5) 0.65 (0.27-1.58)

Cheese 40 2 (5) 0.16 (0.04-0.70)

Total 255 52 (20.4)

Table 2: Occurrence of Staphylococcus aureus based on type of samples among subcities of Addis Ababa.

Sample type Subcity No. tested No. (%) positive χ2 p value

Milk

Kirkos 79 22 (27.8)

2.61 0.679

Arada 13 2 (15.4)

Yeka 30 7 (23.3)

Nifas Silk Lafto 25 4 (16)

Akaki Kality 28 8 (28.6)

Total 175 43 (24.57)

Yogurt

Kirkos 8 2 (25)

2.77 0.597

Arada 8 2 (25)

Yeka 8 1 (12.5)

Nifas Silk Lafto 8 2 (25)

Akaki Kality 8 0

Total 40 7 (17.5)

Cheese

Kirkos 8 0

8.42 0.077

Arada 8 2 (25)

Yeka 8 0

Nifas Silk Lafto 8 0

Akaki Kality 8 0

Total 40 2 (5)

Table 3: Antimicrobial susceptibility profile of Staphylococcus aureus isolates from raw milk and other dairy products in Addis Ababa,
Ethiopia (n = 52).

Name of antimicrobial
Susceptibility patterns

Susceptible (No., %) Intermediate (No., %) Resistant (No., %)

Cefoxitin 32 (61.5) — 20 (38.5)

Tetracycline 26 (50) 2 (3.8) 24 (46.2)

Erythromycin 36 (69.2) 3 (5.8) 13 (25)

Amoxicillin 44 (84.6) 6 (11.5) 2 (3.9)

Ceftriaxone 46 (88.5) 5 (9.6) 1 (1.9)

Amoxicillin+clavulanic acid 10 (19.2) — 42 (80.8)

Ampicillin 3 (5.8) — 49 (94.2)

Ciprofloxacin 46 (88.5) 4 (7.7) 2 (3.9)

Cephalothin 39 (75) 5 (9.6) 8 (15.4)

Chloramphenicol 46 (88.5) 4 (7.7) 2 (3.9)

Gentamicin 38 (73.1) 9 (17.3) 5 (9.6)

Sulfamethoxazole+trimethoprim 32 (61.5) — 20 (38.5)
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resistant Staphylococcus aureus (MRSA), was detected in 20
(38.5%) of the isolates (Table 3). However, only one (5%),
of the 20 isolates, was found positive for the mecA gene,
and none of the isolates were found to carry the mecC gene.

The mecA-positive isolate was obtained from a raw milk
sample collected from Kirkos Sub-city.

All of the 52 isolates were resistant to at least one of the
antimicrobials tested, and resistance to two or more antimi-
crobials was identified in 50 (96.2%) of the isolates; resistance
to three or more antimicrobials was detected in 39 (75%) of
the isolates. Resistance to 5 or more number of antimicro-
bials was recorded in 13 (25%) of the isolates. The two fre-
quently detected resistance patterns were resistant to
ampicillin-amoxicillin+clavulanic acid, and ampicillin-
amoxicillin+clavulanic acid-tetracycline in seven isolates
each (Table 4).

4. Discussion

The current study identified that 24.6% of the raw milk and
11.3% of traditionally processed dairy products sampled
from selected subcities in Addis Ababa were positive for S.
aureus. The prevalence of S. aureus reported here is in agree-
ment with a study conducted in Hawassa area, South Ethio-
pia, which reported that 25% of raw cow milk samples were
positive for S. aureus [19]. Our study is also consistent with
prevalence reported by other studies from central Ethiopia
(21%) [20] and in Sebeta town (23.4%) [11]. Our study dem-
onstrated a higher prevalence than the 16.6% prevalence
reported for milk samples from dairy cattle in Mukaturi
and Sululta towns of Oromia region, Ethiopia [21]. Another
study conducted in Jimma, Ethiopia, demonstrated a higher
prevalence of S. aureus (52%) in bovine milk [22]. A study
in selected regions of Jimma showed 14.3% prevalence of S.
aureus in cottage cheese and yogurt which is in agreement
with the 11.3% findings of the current study [15]. A potenital
reason why the prevalence of S. aureus in the current study
was low compared to the previous study, could be due to
the fact that dairy farmers, and milk and other dairy product
handlers in the Addis Ababa, are in a better position regard-
ing awareness of hygienic practices.

The contamination of raw milk with S. aureus was higher
than yogurt and cottage cheese in the current study. Potential
causes for this include, contamination of milk due to infec-
tion of the mammary glands in cows with subclinical masti-
tis, contamination from the environment, or due to poor
hygienic practices during or after milking. Poor hygienic
practices that have been associated with contaminated milk
include, not washing hands when handling milk storage
equipment [23]. The processing of dairy products, whether
it is conducted traditionally or using modern techniques,
might have potentially reduced the staphylococcal contami-
nation through heat and fermentation processes [2]. Tradi-
tional preparation of yoghurt involves keeping the milk at
room temperature until it ferments without pasteurization
and addition of microorganisms for initiation of fermenta-
tion, whereas traditional cheese is made by heating milk from
which butter is removed after churning [24].

Considerable resistance to antimicrobials was detected
among S. aureus isolates in milk and other dairy products
in this study particularly, high rate of resistance to ampicillin
(94.2%) and amoxicillin+clavulanic acid (80.8%) was
recorded. Similar high rate of resistance to ampicillin and

Table 4: Antimicrobial resistance pattern of Staphylococcus aureus
isolates in milk and other dairy products in Addis Ababa, Ethiopia.

No. of antimicrobials to which
isolates were resistant

Resistance pattern No. %

One AM 2 3.9

Two

AM, AMC 7 13.5

AM, TE 1 1.9

TE, SXT 1 1.9

AM, SXT 1 1.9

AM, E 1 1.9

Three

AM, AMC, TE 7 13.5

AMC, TE, SXT 1 1.9

AM, AMC, SXT 1 1.9

AM, AN, SXT 1 1.9

Four

AM, AMC, TE, SXT 3 5.8

AM, AMC, FOX, TE 4 7.7

AM, AMC, FOX, SXT 4 7.7

AM, AMC, GM, SXT 1 1.9

AM, AMC, CIP, SXT 1 1.9

AM, AMC, FOX, GM 1 1.9

AM, AMC, FOX, E, 1 1.9

AM, AMC, CF, E 1 1.9

Five

AM, AMC, AN, CIP,
SXT

1 1.9

AM, AMC, CF, E, TE, 1 1.9

AM,AMC, FOX, E,
TE,

1 1.9

AM, AMC, C, TE,
SXT

1 1.9

AM, AMC, E, TE,
SXT

1 1.9

AM, AMC, CF, CXT,
E,

1 1.9

Six

AM, AMC, CF, FOX,
E, SXT

2 3.9

AM, AMC, FOX, E,
CF, GM

2 3.9

AM, AMC, FOX, TE,
C, SXT

1 1.9

AM, AMC, CXT, E,
TE, SXT

1 1.9

Seven
AM, AMC, CRO, CF,

FOX, TE, SXT
1 1.9

Total 52 100

FOX: cefoxitin; CRO: ceftriaxone; AMC: amoxicillin+clavulanic acid; GN:
gentamicin; C: chloramphenicol; CIP: ciprofloxacin; AMP: ampicillin; CF:
cephalothin; TE: tetracycline; AN: amoxicillin; ER: erythromycin; SXT:
sulfamethoxazole+trimethoprim.
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amoxicillin+clavulanic acid was reported from previous
studies in Ethiopia [3, 19]. This is probably due to frequent
use of different β-lactams in the study areas contributing to
selection for resistant strains. Similar high levels of resistance
to tetracycline and sulfamethoxazole+trimethoprim in the
current and previous studies could be due to overuse of these
antimicrobials for treatment and prevention of various ani-
mal infections in the study area [11]. Oxytetracycline and
antimicrobials belonging to the sulfonamide family are com-
monly prescribed antimicrobials in the animal health sector
in Ethiopia [25, 26]. A potential reason why high levels of
resistance to several antimicrobials was recorded in this study
could be due to the fact that dairy farmers in urban and peri-
urban areas of Addis Ababa have relatively high access to
antimicrobials exposing their animals to antimicrobials fre-
quently. This might have increased selection for resistant iso-
lates. Previous study also reported similar high levels of MDR
non-typhoidal Salmonella isolates from dairy farms in Addis
Ababa as compared to isolates obtained from dairy cattle out
of Addis Ababa [25]. In addition, close contact with the
human population may also expose animals and milk sam-
ples to resistant organisms originating from human.

In our current study, over 38% of the S. aureus isolates
were methicillin resistant phenotypically based on suscepti-
bility to cefoxitin. This is lower than the previous study where
100% of S. aureus isolates from milk value chain around
Sebeta were reported to be resistant to cefoxitin [11]. How-
ever, another study from North-West Ethiopia reported that
none of the 79 S. aureus isolates from cows with intramam-
mary infection were resistant to cefoxitin [3]. A potential
explanation for such a huge difference could be due to the
type of antimicrobial susceptibility tests used. Mekonnen
et al. used broth microdilution assay whereas the current
study, and previous study by Ayele et al. used disc diffusion
assay. Cefoxitin disc diffusion test was reported to be 100%
sensitive and 91.6% specific in detecting MRSA [27]. Inter-
estingly, only one of the 20 phenotypically MRSA isolates
(5%) was found positive for the mecA gene in the current
study, and none were positive for the mecC gene. In a study
conducted on S. aureus isolated from bovine milk samples
in central Ethiopia, despite 53.2% prevalence of MRSA based
on cefoxitin resistance, none of the 109 isolates tested were
positive for the mecA gene [20]. Similarly, 139 S. aureus iso-
lates with phenotypic resistance to oxacillin (methicillin)
were all negative for the mecA gene using classical PCR
detection in a study conducted in Nigeria [28]. A previous
study from Sudan also reported the absence of themecA gene
in 9.8% of MRSA strains isolated from different clinical sam-
ples [29]. Detection of mecA or mecC genes has long been
considered as a major confirmatory method for MRSA [18].
However, the absence of mecA or mecC genes in this study,
and other studies, suggests the possibility of other mechanisms
behind MRSA phenotype. Previous studies also reported
similar findings, suggesting alternative genetic mechanisms
[29]. A few recent studies also showed chromosomal and
plasmid-mediated homologues of the mecA gene conferring
resistance to methicillin (mecB and mecD) [30–32].

Staphylococcus aureus is one of the important foodborne
pathogens that can cause a wide variety of diseases in

humans, and its detection in milk and other dairy products
poses serious public health risks [33]. There are significant
public health impacts of S. aureus, with respect to healthcare
costs, and length of hospital stay increases when the isolates
are resistant to antimicrobials, particularly MRSA compared
to susceptible strains [34]. Resistance to as many as seven
antimicrobials was detected in one of the isolates in the cur-
rent study. The observation of such considerable levels of
resistance in the isolates, warrants the need for strong regula-
tion and the prudent use of antimicrobials.

5. Conclusion

This study showed significant levels of contamination of milk
and dairy products with S. aureus, and most of the isolates
were multidrug resistant. Particularly, the occurrence of
MRSA in rawmilk and dairy products signifies a serious pub-
lic health threat due to the widespread practice of consuming
raw dairy products in the study area. The lack of concordance
between phenotypic and genotypic detection of MRSA in the
current study implies the need for further research to identify
the genetic basis for such differences.
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