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Staphylococcus aureus is one of the most common causes of mastitis worldwide. This study
aimed to determine the prevalence and antimicrobial resistance (AMR) patterns of S. aureus in
mastitic milk samples collected from camel farms in Matrouh Governorate, Egypt. A total of 200
mastitic camel milk samples were evaluated for S. aureus using both conventional culture-based
and molecular-based methods. Antibiotic susceptibility testing of S. aureus isolates was conducted
using disc diffusion and agar dilution methods, with antibiotic resistance genes identified through
polymerase chain reaction with specific primers. Out of samplestested, 60 (30.00%) were positive
for S. aureus. The isolates displayed the highest of resistance against piperacillin-tazobactam
(55.00%) followed by trimethoprim- sulfamethoxazole (45.00%) and amoxicillin (40.00%). Half of
the isolates were multidrug-resistant (MDR). The AMR genes included methicillin-resistant gene
(mecA), B-lactamase gene (blaZ), tetracycline resistance gene (tetK), erythromycin resistance gene
(ermB) and vancomycin resistant gene (vanA) were detected in 100%, 100%, 95.00%, 90.00% and
20.00% of the isolates, respectively. In conclusion, the presence of MDRS aureus as a cause of
clinical camel mastitis is a significant veterinary and public health concern. These findings highlight
the importance of proper antibiotic use in Egyptian camel farms and the need for molecular
techniques to fully understand the genetic profile of antimicrobial-resistant S. aureus isolates.

© 2024 Urmia University. All rights reserved.

Introduction

districts in Ethiopia.” Studies have shown that mastitis
affects 45.66% of the camel population worldwide, with
rates of 24.00% in the United Arab Emirates and 43.00%

Dromedary camel milk is a crucial component in the
nomadic diet because of its therapeutic benefits for
various diseases and its richness in vitamins, minerals,
high levels of immunoglobulins and antioxidants
compared to milk from other animal species.! Mastitis, an
inflammation of the mammary glands, is regarded as the
most serious disease in the global dairy industry.2 It can
lead to financial loss by reducing milk output, degrading
milk quality, lowering conception rates, increasing
treatment costs, and spreading the infection to other
animals.3 Camels, like other dairy animals, are susceptible
to mastitis. Camel mastitis can be categorized as either
clinical, with symptoms like redness, hotness and
enlargement of the udder, or subclinical where traditional
symptoms are not visible in the milk or mammary glands.4
The incidence of mastitis in dairy camels has been
reported countries, like Somalia5, Kenya® and various
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in Saudi Arabia.8

Mastitis is a multifactorial disease caused by various
microorganisms, with bacterial pathogens being
considered the primary cause of mastitis in domestic
animals. Therefore, accurately identifying the specific
bacterial pathogen is crucial for preventing and treating
mastitis. Several research studies have reported the main
causative agents of bovine mastitis.2 However, there is
limited knowledge about the microorganisms responsible
for camel mastitis.

Staphylococcus aureus is considered one of the most
recognized infectious agents of clinical and subclinical
mastitis worldwide due to its extensive distribution in the
environment, rapid transmission and high rate of
contamination.? As with all forms of contagious mastitis, S.
aureus is spread from camel to camel during milking by
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contaminated washcloths, shared towels, the milker's
hands and flies.10 The average prevalence of S. aureus has
been observed to be 20.35% in camel udder disorders. The
lowest occurrence rate (1.80%) was recorded in Saudi
Arabia,8 while in Pakistan, S. aureus prevalence has been
estimated to be as high as 74.50%1! and 50.03%.12

The emergence of antimicrobial resistance (AMR) is an
alarming public health concern, especially in relation to
staphylococcal infections. Antibiotic resistance has
developed due to the widespread usage of antimicrobial
agents in food producing animals, which has decreased the
effectiveness of numerous antibiotic classes for the
treatment of bacterial infections in both veterinary and
human medicine. This is particularly concerning for 8 -
lactam antibiotics, which are the most frequently used
antimicrobials in the treatment of infectious animal
diseases including clinical mastitis.13 The use of these
antimicrobial agents at subtherapeutic levels in
developing countries, like Egypt, for growth promotion
and disease prophylaxis increases the risk of emerging
antibiotic-resistant bacterial pathogens.14

Staphylococcus aureus resistance against f-lactam
antimicrobial agents is illustrated by two distinct
mechanisms. First, the production of [-lactamase
(penicillinase) encoded by the blaZ gene!> which is
involved in the breakdown and attenuation of the f-lactam
antibiotic. Second, the production of an altered penicillin
binding protein (PBP2a) with an inaccessible active site
preventing -lactam antibiotic binding and consequently
not interfering with cell wall biosynthesis allowing the
bacteria to survive and grow as normally.16 The PBP2a
protein is encoded by the mec genes (mecA/mecC), which
are embedded within the staphylococcal cassette
chromosome mec (SCCmec), ahighly transmissible mobile
genetic element (MGE) between bacterial populations,
which could be classified into at least 14 different types.17
Furthermore, high levels of resistance in S. aureus have
also been recorded against tetracycline, erythromycin,
gentamycin, kanamycin, streptomycin, sulphonamides,
phenicols and fluoroquinolones.18

The increasing occurrence of multidrug-resistant
(MDR) S. aureus has become a global public health
concern. Additionally, most MDR S. aureus-related
foodborne illnesses have been linked to animal-derived
foods, such as milk. Within MDR S. aureus strains,
methicillin-resistant S. aureus (MRSA) is particularly
concerning as it provides resistance to methicillin and
other B-lactam antibiotics.1® The MRSA is a primary cause
of widespread healthcare-associated MRSA (HA-MRSA)
infections contributing to the global crisis of AMR. The
MRSA is a public health concern because it can result in
infections that are life-threatening and difficult to treat.
Although invasive HA-MRSA infections have declined in
recent years, there has been a rise in community-
associated MRSA (CA-MRSA) infections among the general

population. As previously mentioned, methicillin
resistance is facilitated by SCCmec which contains genes
that encode mecA and its analogue mecC, both of which
produce PBP2a. Also, HA-MRSA, livestock-associated MRSA
and CA-MRSA can contaminate food consumed by humans
leading to incidents of staphylococcal food poisoning. 20
The significance of S. aureus harboring multiple AMR
genes in mastitic camel milk is notdocumented in Egypt or
other developing countries. To the best of our knowledge,
there is no available data concerning the occurrence of
AMR genes in S. aureus causing clinical mastitis in camels
in Egypt. Therefore, the objective of the current
investigation was to determine the prevalence of S. aureus
associated with camel clinical mastitis in Matrouh
Governorate, Egypt and to assess the phenotypic and
genotypic AMR profiles of some of the obtained isolates.

Materials and Methods

Ethical statement. All study procedures were carried
out in compliance with the guidelines and regulations of
the Research Ethics Committee of the College of Veterinary
Medicine, Kafrelsheikh University, Kafrelsheikh, Egypt.
The ethical approval number is KFS 2017/3.

Study area, time period and population. This cross-
sectional study was conducted in Matrouh Governorate,
located in the northwestern part of Egypt, from January
2021 to August 2021. Two hundred milk samples were
gathered from camels with clinical mastitis from various
farms in desert areas of Matrouh Province. The clinical
cases were characterized by a swollen, reddened and
tender udder and/or detectable inflammatory
abnormalities in the milk such as an alteration in the color
(serum-like, blood-streaked, bloody) or consistency (clots,
viscous).21 All specimens were collected after obtaining
oral consent from the camel keepers.

Collection of milk samples. After discarding the first
few squirts of milk, approximately 10.00 mL of milk was
aseptically collected from each inflamed quarter into
sterile, labeled falcon tubes. All samples were kept in an
icebox and transferred as quickly as possible to the
Bacteriology Laboratory at the Faculty of Veterinary
Medicine, Kafrelsheikh University for further bacterio-
logical examination. Each milk sample was thoroughly
mixed before being tested bacteriologically for S. aureus.

Conventional isolation and identification
procedures of S. aureus. The isolation of Staphylococcus
strains was performed using a previously described
method.22 Briefly, aloopful (10.00 pL) of milk sample was
enriched by inoculation in buffered peptone water and
incubated aerobically for 24 hr at 37.00 °C. Then, a 0.01 mL
aliquot of each dilution was aseptically streaked on the
surface of 5.00% sheep blood agar (Oxoid, Basingstoke,
UK) and incubated aerobically for 24 - 48 hr at 37.00 °C.
The colonies grown on blood agar were sub-cultured on
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mannitol saltagar (MSA; Oxoid) as selective culture media
for staphylococci and incubated aerobically at 37.00 °C for
24 - 48 hr. One suspected colony was selected from MSA
and purified using trypticase soya agar (Oxoid). The
typical Staphylococcal isolates were identified based on
colonial and morphological characteristics.23 Next,
presumptive Staphylococcus colonies were confirmed by
biochemical assays including catalase, coagulase and sugar
fermentation tests.2* Purified Staphylococcus single
colonies were finally picked up and preserved at - 20.00 °C
inbrain heart infusion containing 30.00% glycerol (Sigma-
Aldrich, Burlington, USA) for further molecular
characterization at the species level.

Extraction of genomic DNA and molecular
confirmation of S. aureus. All presumptive S. aureus
isolates were further confirmed by amplification of the S.
aureus-specific nuc gene (thermonuclease encoding gene)
using polymerase chain reaction (PCR) as previously
described.2> The DNA was extracted from the identified S.
aureus isolates using the QIAamp DNA Mini kit (Qiagen,
Hilden, Germany) following the manufacturer’s
instructions. The extracted DNA was stored at - 20.00 °C
until further analysis. The primer sequence, amplicon size
of the nuc gene and the relevant references are shown in
Table 1. The reaction mixture used in this study was as
follows: 25.00 pL containing 12.50 pL of Emerald Amp
Max PCR master mix (Takara Bio, Kusatsu, Japan), 1.00 pL
of 20.00 pmol of each primer, 5.00 uL of DNA template,
and 5.50 pL of sterile nuclease-free water. The PCR cycling
conditions for the nuc gene were as follows: initial
denaturation at 94.00 °C for 5 min followed by 35
amplification cycles consisting of denaturation at 94.00 °C
for 30 sec, annealing at 55.00 °C for 40 sec and extension at
72.00 °Cfor 40 sec followed by final elongation at 72.00 °C
for 10 min (Table 2). Finally, each amplified PCR product
was electrophoresed on 1.00% agarose gel (Sigma-Aldrich,
Co., St. Louis, USA), prepared in 1.00 X tris borate
ethylenediamine tetra-acetic acid (Sigma-Aldrich) running
buffer for 45 min at 110V, and then stained with 0.50 pg
mL-1 ethidium bromide (Sigma-Aldrich). DNA ladder (Bio
Basic, Markham, Canada) was used. The gel was then
visualized and photographed under an ultraviolet
transilluminator. Amplification of the 395 bp PCR products
confirmed the presence of S. aureus.

Phenotypic assessment of antibiotic susceptibility
testing. A phenotypic antibiogram profile was conducted
on all molecularly confirmed S. aureus isolates. These
isolates were tested in vitro for their susceptibility to a
panel of antimicrobial agents from different classes of
antibiotics. The testing was carried out using a Kirby-
Bauer disc diffusion method on Mueller-Hinton agar
(Oxoid) according to standards and interpretive criteria
set by the Clinical and Laboratory Standards Institute.26
The antimicrobial discs used, along with their specified
concentrations, were: norfloxacin 10.00 pg; streptomycin

10.00 pg; sulfamethoxazole/trimethoprim 23.75/1.25 pg;
neomycin 30.00 pg; tobramycin 10.00 pg; erythomycin
15.00 pg; tetracycline 30.00 pg; amoxicillin 10 pg; gati-
floxacin 5.00 pg; fusidic acid 10.00 pg; chloramphenicol
30.00 pg; piperacillin-tazobactam 110 pg; penicillin G
10.00 U; cehradine 30.00 pg Rifampin 5.00 pg;
Lomefloxacin 10.00 pg and Cefoxitin 30.00 pug. Moreover,
all isolates were screened for their resistance against
vancomycin (6.00 ug mL-1) using agar dilution method by
brain-heart infusion (BHI) agar to determine minimum
inhibitory concentrations (MICs). The presence of more
than one colony or light film of growth indicated reduced
susceptibility to vancomycin and MICs breakpoints of <
2.00, 4.00 - 8.00, and = 16.00 pg mL-! classified the strains
as susceptible, intermediate or resistant, respectively.26
The selection of the antimicrobial agents was based on
medications frequently used in dairy veterinary practice in
Egypt. S. aureus ATCC 25923 was used as the quality
control strain. Briefly, single colonies of each S. aureus
isolate were inoculated into the BHI broth (Oxoid) and
incubated overnight at 37.00 °C. The bacterial growth was
adjusted to 0.50 McFarland wunits approximately
equivalent to 1.50 x 108 colony-forming unit using a
spectrophotometric method. The suspension of bacterial
growth was subsequently swabbed onto the surface of
Muller Hinton agar (Oxoid) plates using cotton wool swab.
Antibiotic discs were aseptically placed on the surface of
dried agar plates with the aid of disc dispenser. The
inoculated plates were then incubated at 35.00 - 37.00 °C
for 17 hr. The inhibition zone around antibiotic discs was
measured in millimeter for each isolate and the result was
categorized/interpreted as susceptible, intermediate, or
resistant following the Clinical Laboratory Standards
Institute guidelines.26 Isolates that displayed resistance to
at least three or more different antimicrobial classes were
categorized as MDR.

Molecular detection of S. aureus AMR genes using
PCR assay. The molecularly identified S. aureus isolates
were further screened for various genes that confer
resistance to antibiotics using simplex PCR. The AMR
genes included 8 -lactamase (blaZ), methicillin (mecA and
mec(C), vancomycin (VanAd), tetracycline (tetK), erythro-
mycin (ermB), and chloramphenicol (fexA) resistance
determinants. The target genes, primer sequences, target
fragment of PCR products and the relevant references are
summarized in Table 1. All PCR assays were performed in
a total volume of 25.00 pL containing 12.50 pL of Emerald
Amp Max PCR master mix, 1.00 pL of 20.00 pmol of each
primer, 5.00 pL of DNA template, and 5.50 pL of sterile
nuclease-free water. The amplification of target genes was
conducted as uniplex reactions using a thermal cycler (ABI
2720; Applied Biosystems, Waltham, USA). Several PCR
protocols were used to detect the target genes of the S.
aureus isolates. The thermal cycling conditions for each
reaction are described in Table 2.
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Table 1. Oligonucleotide primer sequences used in the presnet study.

Target genes Primer sequence (5'-3") Amplicon size (bp) References
u GTAGAAATGACTGAACGTCCGATAA 310 .
me CCAATTCCACATTGTTTCGGTCTAA
GCTCCTAATGCTAATGCA
mecC TAAGCAATAATGACTACC 304 28
TACAACTGTAATATCGGAGGG
blaz CATTACACTCTTGGCGGTTTC 833 29
GTAGCGACAATAGGTAATAGT
tetk GTAGTGACAATAAACCTCCTA 360 30
CATGACGTATCGGTAAAATC
vanA ACCGGGCAGRGTATTGAC 885 31
CATTTAACGACGAAACTGGC
ermB GGAACATCTGTGGTATGGCG 425 32
GTACTTGTAGGTGCAATTACGGCTGA
xA 1272 33
fe CGC ATC TGA GTA GGA CAT AGC GTC
ATATGTATGGCAATCGTTTCAAT
nuc 395 25

GTAAATGCACTTGCTTCAGGAC

Table 2. Cyclic polymerase chain reaction conditions of the different primer sets.

Amplifications (35 cycles)

Annealing

Extension

Final extension

50.00 °C - 30 sec
50.00 °C - 30 sec
50.00°C - 40 sec
54.00 °C - 40 sec
50.00 °C - 40 sec
51.00 °C - 40 sec
56.00 °C - 40 sec
55.00 °C - 40 sec

72.00 °C - 30 sec
72.00 °C - 30 sec
72.00 °C - 50 sec
72.00 °C - 40 sec
72.00 °C - 50 sec
72.00 °C - 40 sec
72.00 °C - 1 min
72.00 °C - 40 sec

72.00 °C - 7 min
72.00 °C - 7 min
72.00 °C - 10 min
72.00 °C - 7 min
72.00 °C - 10 min
72.00 °C - 10 min
72.00 °C - 12 min
72.00 °C - 10 min

Targetgenes Initial denaturation Denaturation
mecA 94.00 °C - 5 min 94.00 °C - 30 sec
mecC 94.00 °C - 5 min 94.00 °C - 30 sec
blaZ 94.00 °C - 5 min 94.00 °C - 30 sec
tetK 94.00 °C - 5 min 94.00 °C - 30 sec
vanA 94.00 °C - 5 min 94.00 °C - 30 sec
ermB 94.00 °C - 5 min 94.00 °C - 30 sec
fexA 94.00 °C - 5 min 94.00 °C - 30 sec
nuc 94.00 °C - 5 min 94.00 °C - 30 sec
Results

Staphylococcus aureus prevalence from the
mastitic milk samples. A total of 94 isolates were
presumptively identified as S. aureus out of 200
investigated milk samples. Subsequently, all presumptive
S. aureusisolates were confirmed by amplification of the S.
aureus-specific nuc gene (which encodes a thermo-
nuclease) using a PCR assay. Out of the 94 isolates, 60
were confirmed as S. aureus by species-specific PCR (Fig.
1A). Thus, the overall prevalence of S. aureus was 30.00%.
Furthermore, 20 bacterial isolates were analyzed for their
phenotypic and genotypic AMR profile.

Phenotypic antimicrobial susceptibility testingof S.
aureus isolates. Our finding revealed that S. aureus

1000

isolates were highly resistant to piperacillin-
tazobactam, trimethoprim-sulfamethoxazole and
amoxicillin (55.00, 45.00 and 40.00%, respectively) and
moderately resistant to vancomycin (30.00%),
cephradine (20.00%) and rifampin (20.00%). However,
they showed the lowest level of resistance against
streptomycin, penicillin G, erythromycin, norfloxacin,
tetracycline, cefoxitin and chloramphenicol (15.00,
15.00, 10.00, 10.00, 5.00, 5.00 and 5.00%), respectively.
In contrast, all the isolates did not exhibit resistance to
neomycin, tobramycin, gatifloxacin and lomefloxacin.
Interestingly, multiple drug resistance phenotypes
(resistance to at least one anti-microbial agent in three
or more antimicrobial categories) were found in
50.00% of the tested S. aureus isolates.

30bp

100

Fig. 1. Agarose gel electrophoresis of the polymerase chain reaction products for amplification of A) nuc gene, B)ymecA gene and C) blaZ

gene of representative Staphylococcus aureus isolates. Lane L: 100-bp DNA marker (DNA ladder, Bio Basic, Markham, Canada); Lane P:
positive control; Lane N: negative control; Lanes 1 to 20: test samples.
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Genotypic AMR pattern of S. aureus isolates. The
genotypic AMR pattern revealed that all of the examined
S. aureus strains harbored the mecA gene and were
categorized as MRSA. The detected AMR genes included:
mecA 20/20 (100%), blaZ 20/20 (100%), ermB 19/20
(95.00%), tetk 18/20 (90.00%) and vanA 4/20
(20.00%), (Figs. 1 and 2). Other antibiotic-resistant
genes, such as mecC and fexA were not identified. All
isolates harbored three and more AMR genes. The
combined existence of antibiotic-resistant genes
includes: mecA + blaZ 20 (100%), mecA + blaZ + tetK +
ermB 14 (70.00%), mecA+blaZ+ tetK+vanA+ermB 3
(15.00%), mecA + blaZ + vanA +ermB 1 (5.00%), mecA +
blaZ + ermB 1 (5.00%) and mecA + blaZ + tetK 1 (5.00%).

Discussion

Camel mastitis is an extremely serious disease that not
only results in milk loss but also adversely affects the
health of the mammary gland.34 Research studies
conducted before the 20th century listed camel mastitis as
one of the diseased conditions with a lower prevalence,
due to its high content of antimicrobial factors, which
rendered camel mastitis a negligible priority for
epidemiological investigations. However, recent studies
have revealed that 45.66% of the camel population is
suffering from mastitis with the lowest prevalence rate of
16.00% in Somalia35 and the highest incidence rate of
90.50% in Pakistan.36

The current investigation focused on S. aureus, one of
the most common infectious agents of mastitis worldwide,
from clinical camel mastitis in Matrouh Governorate,
Egypt. The overall S. aureus prevalence (30.00%) in this
study was in line with Ahmad et al. who detected S. aureus
isolates in 33.33% (4/12) of clinically affected camels in
Pakistan.37? However, it was higher than that previously
estimated by Abo Hashem et al.38 who stated that the total
prevalence of S. aureus mastitis was 9.10% in camels in
South Sinai, Egypt and Husein et al,3° who reported a
prevalence rate of 4.16% (6/144) in Jijiga town, Ethiopia.
It was lower than Al-Juboori et al.,40 who found that 13 out
of 29 (44.82%) milk samples were contaminated with S.
aureus in the United Arab Emirates and Mohamud et al.,
who reported that the prevalence of S. aureus mastitis in
camels was 46.15% (12/26) in Benadir region, Somalia.35

The variation in prevalence rates among the different
studies could be attributed to several factors. These
include the sample size of tested camels , seasonal
alterations, different breeds, diverse rearing systems,
environmental conditions based on geographical location,
preventive measures and sanitation practices, milk
samples preservation methods, various sources of
contamination in each study location, genetic profile and
diversity of S. aureus strains and laboratory diagnostic
techniques used for identifying of S. aureus isolates.
Furthermore, irregular excretion of bacteria in milk and
low inoculum sampling may lead to false-negative
identification results.8

The presence of tick vectors, along with the thorny
desert plants and the use of anti-suckling apparatus
appear to be potential risk factors for the development of
S. aureus mastitis in camels in the study region.4! These
issues can result in teat injuries and udder skin lesions
which subsequently provide an optimal environment for S.
aureus entry and pathogenicity. Moreover, the unsanitary
milking practices and insufficient management strategies
in the study district may have potentially contributed to
the occurrence of clinical S. aureus mastitis in the camel
populations tested during the current study.

The detection of S. aureus in the camel milk samples
suggests the need for strict hygienic precautions during
the production and handling of camel milk to minimize the
public health risks. Additionally, educating camel breeders
about the importance of sanitary milking procedures
would help reduce the negative impact of mastitis on both
the quantity and quality of camel milk.40 In addition,
preventing udder lesions, early identifying subclinically
affected udders, culling chronically infected she-camels
and immediate treatment of all clinical cases with
appropriate antibiotics should be standard practices.

Also, the tested S. aureus isolates were highly resistant
to piperacillin-tazobactam, sulfonamides and amoxicillin
because these injectable antimicrobial agents are widely
and inappropriately used in the veterinary field in Egypt.42
They also exhibited moderate resistance against penicillin
G and cephradine 3 -lactam antibiotics, as they possessed
the blaZ and mecA genes responsible for resistance to
penicillin and other {-lactam antimicrobial agents.*3
Additionally, the unusual display of vancomycin resistance
may indicate that camels have become a secondary

?]H“"“""““‘"”WWWWWWWWW

Fig. 2. Agarose gel electrophoresis of the polymerase chain reaction products for amplification of A) tetK gene, B) ermB gene and C) vanA
gene of representative Staphylococcus aureus isolates. Lane L: 100-bp DNA marker (DNA ladder, Bio Basic, Markham, Canada); Lane P:
positive control; Lane N: negative control; Lanes 1 to 20: test samples.
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reservoir of vancomycin-resistant S. aureus after being
exposed to the primary human reservoir of such
vancomycin resistant staphylococci.44 This interpretation
is supported by the fact that vancomycin is a glycopeptide
antibiotic medication used as alastresort to treat serious
bacterial infections in human medicine and has never been
used in the treatment of infectious animal diseases.
Similarly, all S. aureus strains did not display any
resistance against neomycin, tobramycin (aminoglyco-
sides), gatifloxacin and lomefloxacin (fluoroquinolones).
This finding could be associated with the lack of use of
these antibiotic medications in veterinary practice in
Egypt. Additionally, this suggests that these antimicrobial
agents could potentially be used for the efficient treatment
of clinical mastitis cases in camels in Egypt.

Similar patterns of susceptibility of the S. aureus
isolates in the current investigation to some of the
aforementioned antimicrobial agents have been
reported.3840 The diversity in phenotypic AMR patterns
observed among S. aureus isolates in different studies
could be related to geographical variations, environmental
sanitation and regulations governing antimicrobial use in
the study location.

The increased multi-drug resistance phenotypes in the
current study could be attributed to the fact that camel
owners usually keep dogs with their camels. It is known
that such dogs shed a huge number of multi-drug resistant
S. aureus, creating a link between dogs, humans and the
environment.*> Additionally, all the tested S. aureus strains
were genotypically identified as MRSA, and the vast
majority of MRSA strains are MDR pathogens. 46 This multi-
drug resistance of MRSA strains may be due to their
enhanced affinity for obtaining MGE such as plasmids and
transposons which include AMR genes.47Subsequently, the
high incidence of multiple antibiotic resistant S. aureus and
methicillinresistant S. aureus could pose both clinical and
public health issues.

Remarkably, our study revealed that some S. aureus
strains carrying blaZ, ermB and tetK resistance genes did
not exhibit penicillin, erythromycin and tetracycline
resistance phenotypes, respectively. These phenotypic and
genotypic variations were in accordance with Silva et al. 48
and this may be attributed to the lack of expression of the
corresponding blaZ, ermB and tetK AMR genes. On the
contrary, the fexA and vanA genes were not detected in one
chloramphenicol-resistant isolate and two vancomycin-
resistant isolates, respectively, suggesting the potential
presence of other AMR genes or a modification in the
phenotypic resistance mechanism, such as mutations in
the bacterial cell wall receptors.4® The scarcity of
comparable results to our findings may be due to a lack of
previous reports elucidating the molecular identification
of AMR genes in S. aureus strains isolated from clinically
affected camels. This shortage of data underscores the
need for further molecular diagnostic technologies such as

DNA microarray and complete genome sequencing, which
enable real-time identification of several molecular targets
including AMR determinants and virulence markers.

The present study sheds light on the prevalence and
antibiogram profile of S. aureus from clinical camel
mastitis in Egypt. The findings revealed an alarming
number of MRSA strains and multidrug resistant S. aureus
inmastitic camel milk specimens. This situation limits the
therapeutic options for such mastitis cases and poses a
potential public health threat. Therefore, the prohibition of
non-prescription antibiotic usage in Egyptian camel farms
is strongly advised and limiting the unauthorized use of
antimicrobial agents is an essential preventive strategy in
all camel breeding sites in Egypt. Additionally, good
hygiene practices should be continuously implemented in
camel farms to reduce the incidence of S. aureus mastitis in
camels. Lastly, further research should be conducted to
gain a better understanding of the genetic background of
the multidrug-resistant S. aureus isolated from mastitic
camel milk in Egypt.
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