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Methicillin-resistant Staphylococcus aureus (MRSA) infection has a significant impact
on public health. Therefore, this study investigates the occurrence of MRSA isolated from
cows with subclinical mastitis in Jordan during the period from January 2021 to December
2023. It is also to compare their genotypic and phenotypic characteristics with those of
isolates from their associated human strains. To achieve this objective, milk samples were
collected aseptically and cultured on mannitol salt agar and blood agar. The isolates were
identified based on colony morphology, biochemical tests, and PCR confirmation targeting
the nuc and mecA genes. In addition, molecular-based typing techniques (MLST and spa
typing) have been applied and supplemented by antimicrobial susceptibility testing. A total
of 310 bovine S. aureus isolates were identified, of which 52 (16.8%) were MRSA. Besides
that, 49 and 33 MRSA strains were isolated from people related to and unrelated to these
animals, respectively. Antimicrobial susceptibility testing revealed high resistance rates to
B-lactams, macrolides, and tetracyclines. Nine distinct spa clusters and 21 different spa
types were observed. The most prevalent spa type among the isolates was t386 (38%, n=17).
For the first time, two novel spa types were discovered among the isolates examined in this
study. The cluster pattern of spa isolates indicates a possible close relationship between
human and animal isolates.
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Introduction

characterized by symptoms such as udder redness, swelling,
fever, and flakes or clots in the milk (4). Subclinical mastitis

Bovine mastitis is an inflammation of the mammary
gland tissues due to trauma or bacterial infections (1). It is
considered a source of economic losses in the dairy cattle
industry, as the annual cost of mastitis is estimated to be $147
per cow because of reduced milk production and culling rate
(2). Up to 70% of total loss is caused by mammary tissue
damage that leads to decreased milk production (3).

The degree of inflammation in mastitis determines
whether it is clinical or subclinical. Clinical mastitis is
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is a common and economically important form of bovine
mastitis characterized by the absence of visible signs of
inflammation in the udder or abnormalities in milk
appearance. However, it is associated with a significant
increase in somatic cell count, as well as continuous bacterial
shedding, allowing pathogens such as S. aureus to spread
undetected in dairy herds (5). Many bacterial species have
been identified as the etiological agent of mastitis, which can
be contagious or environmental (6). Contagious pathogens
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can be transmitted from cow to cow during milking and have
the ability to colonize and multiply on the cow’s skin of the
teat and inside the udder (7). Environmental pathogens do
not inhabit the udder skin or the teats; instead, they primarily
exist in farm bedding. The infection can be reduced by
lowering exposure of teat ends to environmental pathogens
(8). Among bacterial pathogens, S. aureus is the main
etiological agent of clinical and subclinical bovine mastitis
worldwide (9-12). S. aureus can cause subclinical mastitis,
resulting in a chronic infection for life (13). Chronically
infected cattle serve as a reservoir for the rest of the flock,
where levels of infection can be reduced by implementing
proper udder hygiene and milking procedures (8).

The extensive use of antibiotics increases concern about
antibiotic-resistant pathogens in the dairy industry and
increases the chance of new antibiotic-resistant bacteria
emerging (14). Multidrug resistance (MDR) is common
among  coagulase-positive  and  coagulase-negative
Staphylococcus isolates (15). MDR reduces the effectiveness
of mastitis treatments by presenting various bacterial
resistance mechanisms, such as phagocytosis evasion, cell-
mediated immunity, and the production of enzymes that
inactivate most antimicrobial agents (16). Increased
resistance in S. aureus isolates complicates mastitis
treatment; the uncontrolled use of antibiotics in humans and
animals has led to the emergence of resistant isolates (17),
with particular concern about methicillin-resistant S. aureus
(MRSA) (18), which is considered a global public health
threat (19). MRSA strains were frequently associated with
severe infections in humans and animals (20).

S. aureus is a major zoonotic pathogen that causes
mastitis (21), which can be transmitted between humans and
animals (22) and may result in amphixenotic infections (23).
S. aureus inhabits the nasal cavity in approximately 30% of
humans as a commensal organism. However, under certain
circumstances, S. aureus can cause illness ranging from mild
skin lesions to fatal infections (24).

To differentiate S. aureus strains among animals and
humans, several typing methods can be used to classify
organisms within a species using phenotyping and molecular
typing (genotyping), where the molecular approach is known
as the more appropriate one to study the bacterial population
genetics (25). Several molecular typing methods have been
developed to differentiate S. aureus isolates of the same
species (26) to provide an insight into bacterial populations
and confirm epidemiological linkage in outbreaks (27) where
none of these methods is optimal for all types of
epidemiological investigations (26). Various methods are
used to type S. aureus isolates, including spa typing,
multilocus sequence typing (MLST), staphylococcal cassette
chromosome mec (SCCmec) typing, and pulse field gel
electrophoresis (PFGE). Spa typing involves sequencing the
variable X region of S. aureus surface protein A (spa) to
identify genetic polymorphisms, whereas in MLST, seven
housekeeping genes are sequenced. Sequence types (ST) are
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assigned where identical strains are assigned to the same
sequence type and closely related strains are assigned to the
same clonal complex (24).

The aim of the present study was to determine the
prevalence of MRSA in bovine mastitis cases along with
humans who are closely related to animals and humans who
aren't closely related to animals, as well as to detect the
resistance profile, and spa types and to apply MLST to reveal
shared similarities between all bacterial isolates.

Materials and Methods

Ethical statement

Ethical approval for this study was aprroved by the
Animal Care and Use Committee (ACUC-JUST) of Jordan
University of Science and Technology and the Institutional
Review Board (IRB) of King Abdullah University Hospital
prior to sampling.

Sample collection

The milk samples were collected from 37 farms located
in two districts in Jordan: Irbid and Zarga (Dhlail region),
which represent the northern regions of Jordan (Figure 1).
310 milk samples from subclinical mastitis cases were
collected between April 2016 and November 2018. Both
bacteriological and molecular studies were conducted at the
Laboratory of Microbiology at the Faculty of Veterinary
Medicine, Jordan University of Science and Technology.

Figure 1: Collection sites of the bovine milk samples used in
this study. Map created with Google Earth Pro (Google
LLC., Mountain View, CA, USA).

Isolation and identification of S. aureus

In order to identify subclinical mastitis, milk samples
were collected. The California Mastitis Test (CMT) was used
to diagnose subclinical mastitis, in accordance with the
guidelines of the National Mastitis Council (28). In brief,
each mammary gland's teats were disinfected with an iodine
solution and dried in 70% ethanol. A few foremilk strips
were then discarded. A sample of approximately 10 mL of
milk was collected in sterile 15 mL Falcon tubes, kept in an
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icebox, and transported to the laboratory on the same day.
Milk samples (10uL) were cultured in 5% sheep blood agar
plates for 24 hours under aerobic conditions at 37°C.
Suspected colonies showing hemolysis on blood agar were
subcultured onto Mannitol Salt Agar (MSA) to confirm
mannitol fermentation. The purified colonies were then
examined by Gram staining, and Gram-positive cocci were
further tested for catalase and coagulase activity.
Presumptive S. aureus isolates were confirmed using PCR
targeting the nuc gene.

Genomic DNA extraction

Total genomic DNA was extracted from 4-5 colonies of
each freshly sub-cultured S. aureus isolate grown on nutrient
agar plates using the QIAamp DNA Mini Kit (Qiagen,
Germany), following the manufacturer’s protocol with some
modifications to the pre-incubation step with 10 mg/ml
lysozyme and 10 pg /ml lysostaphin for 45 minutes.
Extracted DNA was stored at -20 °C until further use.

All selected isolates were confirmed as S. aureus by the
presence of the encoding thermonuclease gene (nuc gene) as
well as the mecA gene conferring methicillin (29). We used
the strain ATCC 29213 (American Type Culture Collection,
Manassas, VA, USA) as a positive control. A PCR analysis
was performed using a MyCycler thermal cycler (Bio-Rad,
USA) under the following conditions: an initial 10-minute
denaturation step at 94°C, followed by 30 cycles of
denaturation at 94°C, annealing at 45°C, 2 minutes of
extension at 72°C, and a final extension step for 5 minutes at
72°C. PCR products were evaluated by electrophoresis in 2%
agarose gels stained with ethidium bromide.

Antimicrobial susceptibility testing

Antimicrobial susceptibility of S. aureus isolates to 13
antibiotics was tested using the disk diffusion method. The
results were obtained in accordance with the Clinical and
Laboratory Standards Institute (CLSI) guidelines (30) with a
few minor modifications (31). The isolates were tested for
resistance to thirteen different antimicrobial agents using
antibiotic discs (Oxoid, England) included penicillin G,
fusidic acid, oxacillin, erythromycin (15 ng), clindamycin
(10 pg), cefoxitin (30 pg), trimethoprim/sulfamethoxazole
(25 png), doxycycline (30 pg), tetracycline (30 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), ceftazidime
(30 pg), and gentamicin (10 pg).

Staphylococcus aureus Spa-typing

Spa typing of the S. aureus protein A gene was performed
as described by Mazi et al. (32) targeting the polymorphic X
region after PCR amplification. BioNumerics 7.6 was used
to assign the spa repeats and types. Spa codes were
determined after data submission on the Ridom Spa Server
website (www.spaserver.ridom.de).
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Multilocus sequence typing

The conventional protocol and primers for performing
MLST in S. aureus were performed as described by Enright
et al. (33). The housekeeping genes were amplified by PCR
and sequenced using Macrogen (Seoul, South Korea). As
part of the MLST database [https://pubmlst.org/], sequences
were assembled using BioNumerics software v7.6, previous
and novel sequence types were determined, and data were
submitted to it for analysis. The relatedness of the isolates
was determined through housekeeping genes. In this manner,
isolates could be grouped when at least five allele profiles
were identical.

Results

Distribution of MRSA among animal and human isolates
A total of 516 S. aureus isolates were recovered from
bovine mastitis cases, humans with animal contact, and
humans without animal contact. Most MRSA isolates were
obtained from humans with animal contact (n=49, 46.2%),
followed by humans without animal contact (n=33, 33%),
and bovine mastitis (n=52, 16.8%) (Table 1). Figure 2 shows
a representative gel of the PCR-amplified products for the
nuc gene that confirms the identity of S. aureus and the mecA
gene that confirms the presence of methicillin resistance.

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
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Figure 2: Gel of the PCR-amplified products for the nuc gene
that confirms the identity of S. aureus and the mecA gene that
confirms the presence of methicillin resistance.

Antimicrobial susceptibility testing of MRSA isolates

Antimicrobial resistance of MRSA isolates from bovine
mastitis (n=24), humans with animal contact (n=48), and
humans without animal contact (n=33) was tested against 13
antimicrobials (Table 2).

Among the 24 bovine isolates, the highest resistance was
observed to penicillin G (100%, n=24), followed by oxacillin
(79%, n=19), erythromycin (75%, n=18), cefazolin (63%,
n=15), and cefoxitin (63%, n=15). Resistance to tetracycline
(58%, n=14), doxycycline (29%, n=7), fusidic acid (29%,
n=7), clindamycin (17%, n=4), ciprofloxacin (8%, n=2),
gentamicin (8%, n=2), trimethoprim/sulfamethoxazole (8%,
n=2), and chloramphenicol (4%, n=1) was also detected
(Figure 3).
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Table 1. Prevalence of-methicillin-resistant S. aureus (MRSA) among bovines and humans in Jordan

No. of S. aureus

Prevalence of MRSA (%; No. of isolate-positive samples/

Origin isolates No. of tested samples)
Bovine mastitis 310 16.8 (52/310)
Human (related to animals), nasal swap 106 46.2 (49/106)
Human (unrelated to animals), nasal swap 100 33 (33/100)

Table 2. Antimicrobial resistance among bovine mastitis, humans who are closely related to animals, and humans who aren't

closely related to animals

Antimicrobial No. of Mastitis (%) No. of Related (%) No. of Non-Related (%) p-value
Ciprofloxacin 2 (8%) 2 (4%) 3 (9%) 0.637
Clindamycin 4 (17%) 9 (19%) 4 (12%) 0.727
;&:Ef;g‘:ﬁg‘g e 2 (8%) 6 (13%) 0 (0.0%) 0.113
Chloramphenicol 1 (4%) 5 (10%) 4 (12%) 0.576
Doxycycline 7 (29%) 12 (25%) 4 (12%) 0.24

Gentamicin 2 (8%) 11 (23%) 3 (9%) 0.132
Erythromycin 18 (75%)? 15 (31%)" 10 (30%)® 0.001
Penicillin G 24 (100%) 48 (100%) 33 (100%) NA

Cefazolin 15 (63%) 32 (67%) 28 (85%) 0.112
Cefoxitin 15 (63%) 32 (67%) 28 (85%) 0.112
Oxacillin 19 (79%) 40 (83%) 28 (85%) 0.848
Fusidic acid 7 (29%) 15 (31%) 5 (15%) 0.241
Tetracycline 14 (58%) 22 (46%) 16 (48%) 0.6
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o

Figure 3: Resistance and susceptibility to a variety of
antibiotics among bovine MRSA isolates. I: Intermediate, R:
Resistant, and S: Susceptible.

Among the 48 isolates from humans with animal contact,
resistance was highest to penicillin G (100%, n=48),
followed by oxacillin (83%, n=40), cefazolin (67%, n=32),
cefoxitin  (67%, n=32), tetracycline (46%, n=22),
erythromycin (31%, n=15), fusidic acid (31%, n=15),
doxycycline (25%, n=12), gentamicin (23%, n=11),
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clindamycin (19%, n=9), trimethoprim/sulfamethoxazole
(13%, n=6), chloramphenicol (10%, n=>5), and ciprofloxacin
(4%, n=2) (Figure 4).
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10% -

0% -

Resistance and susceptibility

Figure 4: Resistance and susceptibility to a variety of
antibiotics among humans who are closely related to
animals. I: Intermediate, R: Resistant, and S: Susceptible.

Among the 33 isolates from humans without animal
contact, resistance was highest to penicillin G (100%, n=33),
followed by cefazolin (85%, n=28), cefoxitin (85%, n=28),
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and oxacillin (85%, n=28). Resistance was also observed to
tetracycline (48%, n=16), erythromycin (30%, n=10), fusidic
acid (15%, n=5), clindamycin (12%, n=4), chloramphenicol
(12%, n=4), doxycycline (12%, n=4), ciprofloxacin (9%,
n=3), and gentamicin (9%, n=3), while no resistance was
detected to trimethoprim/sulfamethoxazole (Figure 5).
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Figure 5: Resistance and susceptibility to a variety of
antibiotics among humans who aren't closely related to
animals. I: Intermediate, R: Resistant, and S: Susceptible.

Molecular typing

The isolates were assigned to nine distinct spa clusters
and 44 different spa types (Table 3). We identified 19
different spa types among bovine isolates, including t386
(57%, n=11), 1688 (5%, n=1), t223 (5%, n=1), t519 (5%,
n=1), 1690 (5%, n=1), t084 (5%, n=1), t1339 (5%, n=1),
t17158 (5%, n=1), and novel (5%, n=1) (Table 4). Although
some MRSA originated from humans who are closely related
to animals, we identified 13 different spa types, where the
most predominant spa type was t386 (23%, n=3), followed
by t688 (15%, n=2), t021 (15%, n=2), t304 (15%, n=2), t019
(7%, n=1), t535 (7%, n=1), t852 (7%, n=1) and t223 (7%,
n=1) (Table 4). Among MRSA isolates from humans without
animal contact, 12 different spa types were identified,
including t386 (25%, n=3), t688 (16%, n=2), t223 (8%, n=1),
t14552 (8%, n=1), t1548 (8%, n=1), t318 (8%, n=1), t346
(8%, n=1), t6076 (8%, n=1), and novel (8%, n=1) (Table 4).
Figure 6 shows the minimum spanning tree based on spa
typing for S. aureus strains isolated from bovine mastitis,
humans who are closely related to animals, and humans who
aren't closely related to animals.

By the MLST method, a total of 23 sequences were
grouped into four clonal complexes (CCs) named CC1, CC5,
CC22, and undefined CC (Table 5). On the other hand, out
of seven different sequences, four novel sequence types were
identified as ST 7439 (n=1), ST 7440 (n=1), ST 7441 (n=1),
and ST 7442 (n=1) (Table 4 and Figures 6 and 7), while the
most common sequence types were ST 1 (57%, n=13),
followed by ST 5 (22%, n=5), and ST 50 (n=1). Figure 7
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shows the minimum spanning tree of MLST data of S. aureus
strains isolated from bovine mastitis, humans who are
closely related to animals, and humans who aren't closely
related to animals to illustrate the genetic relationships
among the strains and to provide deeper insights into their
evolutionary divergence.

Table 3: Numbers and the spa cluster of S. aureus isolates

. Related Non related
Clusters z\rl]lzsltét)ls persons persons Total
(n=12) (n=13)
Cluster 1 2 0 0 2
Cluster 2 11 7 6 24
Cluster 3 1 3 2 6
Cluster 4 2 0 0 2
Cluster 5 0 1 3 4
Cluster 6 1 1 0 2
Cluster 7 1 0 0 1
Cluster 8 1 0 0 1
Cluster 9 0 0 2 2

Table 4: The genotypes of S. aureus isolates are determined
by the molecular typing of protein A (spa type)

SPA Type z\r/]lisilg)s No(r:] =RiI3a)ted ?}ezla{ezc)i
t386 11 3 3
1688 1 2 2
t223 1 1 1
t021 0 2 0
t304 0 2 0
t519 1 0 0
t690 1 0 0
t084 1 0 0
11339 1 0 0
t17158 1 0 0
Novel 1 0 1
t019 0 1 0
t535 0 1 0
t852 0 1 0
t14552 0 0 1
11548 0 0 1
t318 0 0 1
t346 0 0 1
t6076 0 0 1
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%

Figure 6: Minimum spanning tree for S. aureus strains
isolated from bovine mastitis (green), humans closely related
to animals (blue), and humans who aren't closely related to
animals (red). The analysis was based on spa typing results
and elaborated on with BioNumerics 7.6 (Applied Maths,
Sint-Martens-Latem, Belgium). The size of the circles and
the number of sections correspond to the number of isolates
associated with each spa type.
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Figure 7: Minimum spanning tree of MLST analysis of S.
aureus strains isolated from bovine mastitis (green), humans
closely related to animals (blue), and humans who are not
closely related to animals (red). The analysis was based on
MLST typing results and was developed using BioNumerics
7.6 (Applied Maths, Sint-Martens-Latem, Belgium). The
number of isolates of each type was indicated by the size of
the circles and the number of sections.
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Table 5: Isolate sources, numbers and the detected Sequence

Types among each group

Clonal Sequence

Complex Type Spa Type Frequency
ccl ST1 t386 8M;2R;3NR
ST7440* t386 1NR
ST5 1688 2R;1NR
ST5 t535 1INR
CCS ST5 11548 1R
ST7441* 1688 1NR
CC22 ST7442* Novel 1R
Unknown ST50 t386 1M
ST7439* 1688 1M
Discussion

In this study, 52 MRSA isolates (16%) were identified
from mastitis cases. Previous studies in Jordan have shown
varying prevalence rates of MRSA in bovine samples. Ismail
(34) reported a prevalence of 27% of MRSA from clinical
mastitis cases, while Obaidat et al. (35) found a 20%
prevalence of MRSA in samples from bulk tank. Related
studies conducted in different regions have reported
prevalence rates ranging from 3.33% in Argentina (36) to
28.57% in Egypt (37) and 7.86% in India (38). Our recent
study on S. aureus isolated from subclinical mastitis in sheep
in northern Jordan found that 12.5% of those isolates were
MRSA. These isolates were highly genetically similar
between farms and did not cross-transfer to animal handlers.
(39). Nonetheless, the presence of MRSA in milk heightens
the risk of human infection (40) and MRSA has been a
worldwide concern over the past two decades due to the
increased levels of antimicrobial resistance (35). This
highlights the importance of continued research and
monitoring to address this global health issue.

In this study, 49 (46%) isolates were identified from
individuals with farm-related exposures. To our knowledge,
no previous studies have investigated farm workers in
Jordan, highlighting the novelty of this research. Globally,
MRSA prevalence rates have been reported to be 33.33% in
Hungary, 23.9% in the Netherlands, and 4.54% in Korea,
which shows varying prevalence rates across different
regions.

Although human infections caused by livestock-
associated MRSA (LA-MRSA) remain less common than
those caused by HA- or CA-MRSA, LA-MRSA still presents
risk factors (24), and cases of recurrent infections and even
death have been reported and cases of recurrent infections
and even death have been reported, since each MRSA isolate
carries the potential to cause life-threatening disease (41,42).

This study identified 33 MRSA isolates (33%) from
individuals who are not associated with farms and farm
activities. Previous reports from Jordan have indicated that
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the prevalence of MRSA among healthy individuals ranges
from 7.5% to 19% (43-45). Other global reports indicated
that MRSA prevalence rates have been reported in the
Middle East (8.55%), the United States (23.78%), Poland
(22.18%), Italy (16.34%), and China (18.07%) (46).

MRSA is a prevalent human pathogen, colonizing the
nasal cavity of up to 33% of healthy individuals. Although
nasal colonization is the primary site, extra-nasal
colonization also occurs in the skin, throat, and digestive
system (47). As a result, HA-MRSA carriers are five times
more likely to develop an infection than non-carriers (48).
Additionally, reverse zoonosis—where human MRSA is
transmitted to cattle—is not uncommon, reinforcing the
close interaction between human and animal health (49). In
this study, all isolates demonstrated resistance towards
penicillin, with the majority also exhibiting resistance to
Oxacillin (79%), Erythromycin (75%), Cefazolin (63%),
Cefoxitin (63%), and Tetracycline (58%). these resistance
patterns align with findings reported by Lubna et al. (2023),
where resistance levels were high against penicillin (100%),
oxacillin (100%), and tetracycline (72.72%).

The resistance observed in subclinical mastitis cases
towards penicillin can be attributed to the release of -
lactamase by S. aureus, which leads to the hydrolysis of b-
lactam rings. Furthermore, it was noteworthy that 59.5% of
the strains exhibited resistance to tetracycline, a broad-
spectrum antibiotic class that, due to its widespread use, has
contributed to the development of resistant strains (48).

Erythromycin resistance in this study was consistent with
the findings reported by Obaidat et al. (35), although lower
resistance rates were reported (50). This suggests that the
misuse or overuse of antibiotics has likely played a
significant role in the increased resistance observed towards
erythromycin.

The most common and shared spa type was t386. A
previous report from Jordan indicated that while some
bovine mastitis isolates belonged to t386, most were of the
novel spa type t17158 (51). In fact, t386 has been associated
with clinical MRSA isolates from humans in Jordan (52),
Iraq (53), Iran (54), and Palestine (55). The second most
prevalent spa type was t688, MRSA t688 was the most
prevalent in human hospitals in Kuwait (56), and in milk and
milk products in Egypt (20) and Italy (57). In both reports,
the t688 isolates were identified as ST5-CC5, a HA & CA-
MRSA strain. However, in this study, the t688 MRSA isolate
belonged to the novel ST7439, which could not be assigned
to a Clonal complex, which suggests that a new MRSA strain
is likely to emerge.

In the current study, the vast majority of MRSA isolates
(from bovine, related humans and non-related humans) were
ST1 and belonged to CC1. MRSA isolates belonging to CC1
were also reported in bovine in Brazil, China, Hungary
Germany and the US of A (9), however, CC1 is mainly
associated with human S. aureus infections. This finding
suggests the host-switching ability of S. aureus (58), as also
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reported by Richardson et al. (59), who demonstrated that
host-switching events are facilitated by close human—animal
contact and the industrialization of livestock production.
Six isolates in this study belonged to CC5 and were
exclusive to humans either farm related or farm nonrelated,
CC5 is one of the most spread Clone of MRSA worldwide
(60, 61). A high prevalence of CC5 isolates was also reported
in Libya (62), Kuwait (56), Kenya (63). ST5, which belongs
to clonal complex 5 is highly associated with hospital-
acquired infections (64). The least number of human isolates
belonged to CC22, CC22 also associated with MRSA
epidemics mainly ST22 (63), his study employed MLST to
investigate the epidemiological status of MRSA in Jordan,
Data analysis revealed four novel sequence types and two
isolates that couldn’t be assigned to clonal complexes. These
findings highlight the importance and benefits of molecular-
based typing and necessitate further investigation in Jordan.

Conclusion

This study provides molecular evidence regarding the
prevalence of MRSA among bovine mastitis cases and
human contacts in Jordan. An analysis of antimicrobial
resistance data and genotyping, including SPA and MLST
analyses, revealed strain overlap between animal and human
isolates, suggesting possible interspecies transmission. The
results of these studies emphasize the need for an integrated
antimicrobial stewardship and monitoring program to
monitor, control, and prevent the spread of MRSA among
humans and animals.

Acknowledgments

This research was supported by the Deanship of Research
at Jordan University of Science and Technology, Irbid,
Jordan (Grant No. 146/2016), and by the Jordan Scientific
Research and Innovation Support Fund, Ministry of Higher
Education and Scientific Research, Jordan (Grant No.
Agr/2/19/2016).

Conflict of interest
There is no conflict of interest.
References

1. Gomes F, Henriques M. Control of bovine mastitis: old and recent
therapeutic approaches. Curr Microbiol. 2016;72(4):377-82. DOI:
10.1007/500284-015-0958-8

2. Hogeveen H, Steeneveld W, Wolf CA. Production diseases reduce the
efficiency of dairy production: a review of the results, methods, and
approaches regarding the economics of mastitis. Annu Rev Resour
Econ. 2019;11:289-312. DOIl: 10.1146/annurev-resource-100518-
093954

3. Zhao X, Lacasse P. Mammary tissue damage during bovine mastitis:
causes and control. J Anim Sci. 2008;86(13):57-65. DOI:
10.2527/jas.2007-0302



https://doi.org/10.1007/s00284-015-0958-8
https://doi.org/10.1146/annurev-resource-100518-093954
https://doi.org/10.1146/annurev-resource-100518-093954
https://doi.org/10.2527/jas.2007-0302

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Iragi Journal of Veterinary Sciences, Vol. 40, No. 2, 2026 (225-234)

Khan MZ, Khan A. Basic facts of mastitis in dairy animals: a review.
Pak Vet J. 2006;26(4):204-8. [available at]

Ruegg PL. A 100-year review: mastitis detection, management, and
prevention. J Dairy Sci. 2017;100(12):10381-97. DOI:
10.3168/jds.2017-13023

Lakew BT, Fayera T, Ali YM. Risk factors for bovine mastitis with the
isolation and identification of Streptococcus agalactiae from farms in
and around Haramaya district, eastern Ethiopia. Trop Anim Health
Prod. 2019;51(6):1507-13. DOI: 10.1007/s11250-019-01838-w
Kibebew K. Bovine mastitis: a review of causes and epidemiological
point of view. J Biol Agric Healthc. 2017;7(2):1-14. [available at
Cheng WN, Han SG. Bovine mastitis: risk factors, therapeutic
strategies, and alternative treatments—a review. Asian-Australas J
Anim Sci. 2020;33(11):1699-713. DOI: 10.5713/ajas.20.0156
Campos B, Pickering AC, Rocha LS, Aguilar AP, Fabres-Klein MH,
Oliveira Mendes TA, Fitzgerald JR, Ribon AO. Diversity and
pathogenesis of Staphylococcus aureus from bovine mastitis: current
understanding and future perspectives. BMC Vet Res. 2022;18:115.
DOI: 10.1186/s12917-022-03197-5

Wang K, Cha J, Liu K, Deng J, Yang B, Xu H, Zhang L, Liu Y. The
prevalence of bovine mastitis-associated Staphylococcus aureus in
China and its antimicrobial resistance rate: a meta-analysis. Front Vet
Sci. 2022;9:1006676. DOI: 10.3389/fvets.2022.1006676

Monistero V, Graber HU, Pollera C, Cremonesi P, Castiglioni B,
Bottini E, Ceballos-Marquez A, Luzzago C, Bronzo V, Moroni P.
Staphylococcus aureus isolates from bovine mastitis in eight countries:
genotypes, detection of genes encoding different toxins and other
virulence genes. Toxins. 2018;10(6):247. DOI:
10.3390/toxins10060247

Vasudevan P, Nair MKM, Annamalai T, Venkitanarayanan KS.
Phenotypic and genotypic characterization of bovine mastitis isolates
of Staphylococcus aureus for biofilm formation. Vet Microbiol.
2003;92(1-2):179-85. DOI: 10.1016/S0378-1135(02)00360-7

Shearer JK, Harris B. Mastitis in dairy goats. USA: University of
Florida; 2008. 1-6 p. [available at

Hoque MN, Istiaq A, Clement RA, Sultana M, Crandall KA, Siddiki
AZ, Hossain MA. Metagenomic deep sequencing reveals association of
microbiome signature with functional biases in bovine mastitis. Sci
Rep. 2019;9:13536. DOI: 10.1038/541598-019-49468-4

Dorgham SM, Hamza DA, Khairy EA, Hedia RH. Methicillin-resistant
staphylococci in mastitic animals in Egypt. Glob Vet. 2013;11(6):714—
20. [available at

Hoque MN, Talukder AK, Saha O, Hasan MM, Sultana M, Rahman
AA, Das ZC. Antibiogram and virulence profiling reveals multidrug
resistant Staphylococcus aureus as the predominant aetiology of
subclinical mastitis in riverine buffaloes. Vet Med Sci. 2022;8(6):2631—
45. DOI: 10.1002/vms3.942

Al Amin M, Pasha MH, Hoque MN, Siddiki AZ, Saha S, Kamal MM.
Methodology for laboratory-based antimicrobial resistance surveillance
in animals. Vet World. 2022;15(4):1066-79. DOl:
10.14202/vetworld.2022.1066-1079

Vanderhaeghen W, Hermans K, Haesebrouck F, Butaye P. Methicillin-
resistant Staphylococcus aureus (MRSA) in food production animals.
Epidemiol Infect. 2010;138(5):606—25. DOI:
10.1017/50950268809991567

Esemu SN, Yaya FA, Nkengum WP, Keneh NK, Kfusi JA, Smith SI,
Nwobegahay JM. Prevalence and characterization of methicillin-
resistant Staphylococcus aureus from meat retail shops and meat
handlers in the Buea municipality, Cameroon. Int J Trop Dis Health.
2021;42(21):13-27. [available at]

Zayda MG, Masuda Y, Hammad AM, Honjoh KI, Elbagory AM,
Miyamoto T. Molecular characterisation of methicillin-resistant
(MRSA) and methicillin-susceptible (MSSA) Staphylococcus aureus
isolated from bovine subclinical mastitis and Egyptian raw milk cheese.
Int Dairy J. 2020;104:104646. DOI: 10.1016/j.idairyj.2020.104646

Zi C, Zeng D, Ling N, Dai J, Xue F, Jiang Y, Liu H, Xu J. An improved
assay for rapid detection of viable Staphylococcus aureus cells by
incorporating surfactant and PMA treatments in gPCR. BMC
Microbiol. 2018;18:132. DOI: 10.1186/s12866-018-1273-x

232

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Werckenthin C, Cardoso M, Martel JL, Schwarz S. Antimicrobial
resistance in staphylococci from animals with particular reference to
bovine Staphylococcus aureus, porcine Staphylococcus hyicus, and
canine Staphylococcus intermedius. Vet Res. 2001;32(3-4):341-62.
DOI: 10.1051/vetres:2001129

Rossi G, Cerquetella M, Attili AR. Amphixenosic aspects of
Staphylococcus aureus infection in man and animals. In: Bagnoli F,
Rappuoli R, Grandi G editors. Staphylococcus aureus: microbiology,
pathology, immunology, therapy and prophylaxis. Switzerland:
Springer; 2016. 297-323 p. [available at

Crespo-Piazuelo D, Lawlor PG. Livestock-associated methicillin-
resistant Staphylococcus aureus (LA-MRSA) prevalence in humans in
close contact with animals and measures to reduce on-farm
colonisation. Ir Vet J. 2021;74(1):21. DOI: 10.1186/s13620-021-
00200-7

van Belkum A, Tassios PT, Dijkshoorn L, Haeggman S, Cookson B,
Fry NK, Fussing V, Green J, Feil E, Gerner-Smidt P, Brisse S, Struelens
M. Guidelines for the validation and application of typing methods for
use in bacterial epidemiology. Clin Microbiol Infect. 2007;13(3):1-46.
DOI: 10.1111/j.1469-0691.2007.01786.x

Sabat AJ, Budimir A, Nashev D, Sa-Ledo R, van Dijl JM, Laurent F,
Grundmann H, Friedrich AW. Overview of molecular typing methods
for outbreak detection and epidemiological surveillance. Euro Surveill.
2013;18(4):20380. DOI: 10.2807/ese.18.04.20380-en

Simar SR, Hanson BM, Arias CA. Techniques in bacterial strain typing:
past, present, and future. Curr Opin Infect Dis. 2021;34(4):339-45.
DOI: 10.1097/QC0.0000000000000743

National Mastitis Council. Laboratory handbook on bovine mastitis. 3
ed. USA: National Mastitis Council; 2017. [available at

Alekish MO, Ismail ZB, Gharaiben M, Abu-Qatoush L. Genetic
relatedness, antibiogram and virulence factors of Staphylococcus
aureus isolated from bovine mastitis and related human contacts. Pol J
Vet Sci. 2020;23(1):133-41. DOI: 10.24425/pjvs.2020.132757
Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing. CLSI supplement M100. 30" ed.
USA: CLSI; 2020. [available at

Gharaibeh MH, Khalifeh MS, Zattout EM, Abu-Qatouseh LF. Potential
antimicrobial effect of plant essential oils and virulence genes
expression in methicillin-resistant Staphylococcus aureus isolates. Vet
World. 2020;13(4):669-75. DOI: 10.14202/vetworld.2020.669-675
Mazi W, Sangal V, Sandstrom G, Saeed A, Yu J. Evaluation of spa-
typing of methicillin-resistant Staphylococcus aureus using high-
resolution melting analysis. Int J Infect Dis. 2015;38:125-28. DOI:
10.1016/}.ijid.2015.05.002

Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG. Multilocus
sequence typing for characterization of methicillin-resistant and
methicillin-susceptible clones of Staphylococcus aureus. J Clin
Microbiol.  2000;38(3):1008-15. DOI: 10.1128/JCM.38.3.1008-
1015.2000

Ismail ZB. Molecular characteristics, antibiogram and prevalence of
multidrug resistant Staphylococcus aureus isolated from milk obtained
from culled dairy cows and from cows with acute clinical mastitis.
Asian Pac J Trop Biomed. 2017;7(8):694-97. DOI:
10.1016/j.apjth.2017.07.005

Obaidat MM, Bani Salman AE, Roess AA. High prevalence and
antimicrobial resistance of mecA Staphylococcus aureus in dairy cattle,
sheep, and goat bulk tank milk in Jordan. Trop Anim Health Prod.
2018;50(2):405-12. DOI: 10.1007/s11250-017-1449-7

Srednik ME, Crespi E, Testorelli MF, Puigdevall T, Pereyra AMD,
Rumi MV, Calvinho LF. First isolation of a methicillin-resistant
Staphylococcus aureus from bovine mastitis in Argentina. Vet Anim
Sci. 2019;7:100043. DOI: 10.1016/j.vas.2018.11.004

El-Ashker M, Gwida M, Monecke S, El-Gohary F, Ehricht R, Elsayed
M, El-Diasty M. Antimicrobial resistance pattern and virulence profile
of Staphylococcus aureus isolated from household cattle and buffalo
with mastitis in Egypt. Vet Microbiol. 2020;240:108535. DOI:
10.1016/j.vetmic.2019.108535

Mahanti A, Joardar SN, Bandyopadhyay S, Banerjee J, Ghosh S,
Batabyal K, Dutta TK. Characterization of methicillin-resistant and



https://www.pvj.com.pk/pdf-files/26_4/page%20204-208.pdf
https://doi.org/10.3168/jds.2017-13023
https://doi.org/10.1007/s11250-019-01838-w
https://www.academia.edu/download/76278213/35976.pdf
https://doi.org/10.5713/ajas.20.0156
https://doi.org/10.1186/s12917-022-03197-5
https://doi.org/10.3389/fvets.2022.1006676
https://doi.org/10.3390/toxins10060247
https://doi.org/10.1016/S0378-1135(02)00360-7
https://mysrf.org/pdf/pdf_dairy/goat_handbook/dg5.pdf
https://doi.org/10.1038/s41598-019-49468-4
https://www.academia.edu/download/105623772/4.pdf
https://doi.org/10.1002/vms3.942
https://doi.org/10.14202/vetworld.2022.1066-1079
https://doi.org/10.1017/S0950268809991567
https://www.academia.edu/download/84035018/57291.pdf
https://doi.org/10.1016/j.idairyj.2020.104646
https://doi.org/10.1186/s12866-018-1273-x
https://doi.org/10.1051/vetres:2001129
https://link.springer.com/chapter/10.1007/82_2016_2
https://doi.org/10.1186/s13620-021-00200-7
https://doi.org/10.1186/s13620-021-00200-7
https://doi.org/10.1111/j.1469-0691.2007.01786.x
https://doi.org/10.2807/ese.18.04.20380-en
https://doi.org/10.1097/QCO.0000000000000743
https://www.academia.edu/50651208/Laboratory_Handbook_on_Bovine_Mastitis
https://doi.org/10.24425/pjvs.2020.132757
https://clsi.org/shop/standards/m100/
https://doi.org/10.14202/vetworld.2020.669-675
https://doi.org/10.1016/j.ijid.2015.05.002
https://doi.org/10.1128/JCM.38.3.1008-1015.2000
https://doi.org/10.1128/JCM.38.3.1008-1015.2000
https://doi.org/10.1016/j.apjtb.2017.07.005
https://doi.org/10.1007/s11250-017-1449-7
https://doi.org/10.1016/j.vas.2018.11.004
https://doi.org/10.1016/j.vetmic.2019.108535

39.

40.

41,

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Iragi Journal of Veterinary Sciences, Vol. 40, No. 2, 2026 (225-234)

enterotoxins producing Staphylococcus aureus in bovine milk in India.
Vet Anim Sci. 2020;2:100017. DOI: 10.1016/j.vas.2019.100017
Gharaibeh  MH, Mahafzah TA, Abu-Qatouseh LF, Khanfar M,
Abdulmawjood A. Molecular characterization and antimicrobial-
resistance gene profile of Staphylococcus aureus strains isolated from
ovine mastitis in Jordan. Vet World. 2025;13:270-79. DOI:
10.14202/vetworld.2025.270-279

Tibebu L, Belete Y, Tigabu E, Tsegaye W. Prevalence of
Staphylococcus aureus, methicillin-resistant Staphylococcus aureus
and potential risk factors in selected dairy farms at the interface of
animal and human in Bishoftu, Ethiopia. Vet Med. 2021;12:241-51.
DOI: 10.2147/VMRR.S331968

Wang Y, Zhang P, Wu J, Chen S, Jin Y, Long J, Duan G, Yang H.
Transmission of livestock-associated methicillin-resistant
Staphylococcus aureus between animals, environment, and humans in
the farm. Environ Sci Pollut Res. 2023;30:37. DOI: 10.1007/s11356-
023-28532-7

Melles DC, Gorkink RFJ, Boelens HAM, Snijders SV, Peeters JK,
Moorhouse MJ, van der Spek PJ, van Leeuwen WB, Simons G,
Verbrugh HA. Natural population dynamics and expansion of
pathogenic clones of Staphylococcus aureus. J Clin Invest.
2004;114(12):1732-40. DOI: 10.1172/JCI22971

Al-Zu'bi E, Bdour S, Shehabi AA. Antibiotic resistance patterns of
mecA-positive Staphylococcus aureus isolates from clinical specimens
and nasal carriage. Microb Drug Resist. 2004;10(4):321-24. DOI:
10.1089/mdr.2004.10.321

Al-Bakri AG, Al-Hadithi H, Kasabri V, Othman G, Kriegeskorte A,
Becker K. The epidemiology and molecular characterization of
methicillin-resistant staphylococci sampled from a healthy Jordanian
population.  Epidemiol Infect. 2013;141(11):2384-91. DOI:
10.1017/S095026881200329X

Agel AA, Alzoubi HM, Vickers A, Pichon B, Kearns AM. Molecular
epidemiology of nasal isolates of methicillin-resistant Staphylococcus
aureus from Jordan. J Infect Public Health. 2015;8(1):90-97. DOI:
10.1016/j.jiph.2014.05.004

Hasanpour AH, Sepidarkish M, Mollalo A, Ardekani A, Almukhtar M,
Mechaal A, Shamsoddin E. The global prevalence of methicillin-
resistant Staphylococcus aureus colonization in residents of elderly care
centers: a systematic review and meta-analysis. Antimicrob Resist
Infect Control. 2023;12(1):4. DOI: 10.1186/s13756-023-01210-6
Algammal AM, Hetta HF, Elkelish A, Alkhalifah DHH, Hozzein WN,
Batiha GE, El Nahhas N. Methicillin-resistant Staphylococcus aureus
(MRSA): one health perspective approach to the bacterium
epidemiology, virulence factors, antibiotic resistance, and zoonotic
impact. Infect  Drug Resist. 2020;13:3255-65. DOl:
10.2147/IDR.S272733

Algammal AM, Enany ME, El-Tarabili RM, Ghobashy MI, Helmy YA.
Prevalence, antimicrobial resistance profiles, virulence and enterotoxin
determinant genes of MRSA isolated from subclinical bovine mastitis
in Egypt. Pathogens. 2020;9(5):362. DOI: 10.3390/pathogens9050362
Abraham S, Jagoe S, Pang S, Coombs GW, O'Dea M, Kelly J, Khazandi
M, Petrovski KR, Trott DJ. Reverse zoonotic transmission of
community-associated MRSA ST1-1V to a dairy cow. Int J Antimicrob
Agents. 2017;50(1):125-26. DOI: 10.1016/j.ijantimicag.2017.05.001
Naranjo-Lucena A, Slowey R. Antimicrobial resistance in bovine
mastitis pathogens: a review of genetic determinants and prevalence of
resistance in European countries. J Dairy Sci. 2023;106(1):1-23. DOI:
10.3168/jds.2022-22267

Gharaibeh MH, Abu-Qatouseh LF, Mashagbah SA, Assaf SJ, Al Qudsi
FR. Novel spa type and antimicrobial resistance gene profiles of
Staphylococcus aureus strains isolated from bovine mastitis in Jordan.
Lett Appl Microbiol. 2023;76(6):0vad067. DOIl:
10.1093/lambio/ovad067

Bazzoun DA, Harastani HH, Shehabi AA, Tokajian ST. Molecular
typing of Staphylococcus aureus collected from a major hospital in
Amman, Jordan. J Infect Dev Ctries. 2014;8(4):441-47. DOI:
10.3855/jidc.3676

Mohammed KS, Abdulkareem ZH, Alzaalan AR, Yagoob AK. Spa
typing of Staphylococcus aureus isolated from clinical specimens from

233

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

outpatients in Irag. Pol J Microbiol. 2021;70(1):79-85. DOI:
10.33073/pjm-2021-007

Hashemizadeh Z, Hadi N, Mohebi S, Kalantar-Neyestanaki D,
Bazargani A. Characterization of SCCmec, spa types and multidrug
resistance of methicillin-resistant Staphylococcus aureus isolates
among inpatients and outpatients in a referral hospital in Shiraz, Iran.
BMC Res Notes. 2019;12(1):614. DOI: 10.1186/513104-019-4627-z
Hadyeh E, Azmi K, Seir RA, Abdellatief I, Abdeen Z. Molecular
characterization of methicillin-resistant Staphylococcus aureus in West
Bank, Palestine. Front Public Health. 2019;7:130. DOI:
10.3389/fpubh.2019.00130

Alfouzan WA, Boswihi SS, Udo EE. Methicillin-Resistant
Staphylococcus aureus (MRSA) in a Tertiary Care Hospital in Kuwait:
A Molecular and Genetic Analysis. Microorganisms. 2023 Dec
21;12(1):17. DOI: 10.3390/microorganisms12010017

Basanisi MG, La Bella G, Nobili G, Franconieri |, La Salandra G.
Genotyping of methicillin-resistant Staphylococcus aureus isolated
from milk and dairy products in South Italy. Food Microbiol.
2017;62:141-46. DOI: 10.1016/j.fm.2016.10.004

Haag AF, Fitzgerald JR, Penadés JR. Staphylococcus aureus in
animals. Microbiol Spectr. 2019;7(3):GPP3-0060. [available at
Richardson EJ, Bacigalupe R, Harrison EM, Weinert LA, Lycett S,
Vrieling M, Robb K, Holden MTG, Parkhill J, Holmes MA. Gene
exchange drives the ecological success of a multi-host bacterial
pathogen. Nat Ecol Evol. 2018;2(9):1468-78. DOI: 10.1038/s41559-
018-0617-5

Arias CA, Reyes J, Carvajal LP, Rincon S, Diaz L, Panesso D, lbarra
G, Rios R, Munita JM, Salles MJ, Alvarez-Moreno C. A prospective

cohort multicenter study of molecular epidemiology and
phylogenomics of Staphylococcus aureus bacteremia in nine Latin
American countries. Antimicrob Agents Chemother.

2017;61(10):e00816-17. DOI: 10.1128/AAC.00816-17

Mohamad Farook NA, Argimén S, Abdul Samat MN, Salleh SA,
Sulaiman S, Tan TL, Periyasamy P, Lau CL, Ismail Z, Muhammad
Azami NA, Ang MY. Diversity and dissemination of methicillin-
resistant Staphylococcus aureus genotypes in Southeast Asia. Trop
Med Infect Dis. 2022;7(12):438. DOI: 10.3390/tropicalmed7120438
Khemiri M, Akrout Alhusain A, Abbassi MS, El Ghaieb H, Santos
Costa S, Belas A, Pomba C, Hammami S. Clonal spread of methicillin-
resistant Staphylococcus aureus t6065-CC5-SCCmecV-agrll in a
Libyan hospital. J Glob Antimicrob Resist. 2017;10:101-05. DOI:
10.1016/j.jgar.2017.07.009

Omuse G, Van Zyl KN, Hoek K, Abdulgader S, Kariuki S, Whitelaw
A, Revathi G. Molecular characterization of Staphylococcus aureus
isolates from healthcare institutions in Nairobi, Kenya: a cross-
sectional study. Ann Clin Microbiol Antimicrob. 2016;15:51. DOI:
10.1186/s12941-016-0171-z

Challagundla L, Reyes J, Rafiqullah 1, Sordelli DO, Echaniz-Aviles G,
Velazquez-Meza ME, Castillo-Ramirez S, Fittipaldi N, Feldgarden M,
Chapman SB, Calderwood MS, Carvajal LP, Rincon S, Hanson B,
Planet PJ, Arias CA, Diaz L, Robinson DA. Phylogenomic
classification and evolution of clonal complex 5 methicillin-resistant
Staphylococcus aureus in the Western Hemisphere. Front Microbiol.
2018;9:1901. DOI: 10.3389/fmicb.2018.01901



https://doi.org/10.1016/j.vas.2019.100017
https://doi.org/10.14202/vetworld.2025.270-279
https://doi.org/10.2147/VMRR.S331968
https://doi.org/10.1007/s11356-023-28532-7
https://doi.org/10.1007/s11356-023-28532-7
https://doi.org/10.1172/JCI22971
https://doi.org/10.1089/mdr.2004.10.321
https://doi.org/10.1017/S095026881200329X
https://doi.org/10.1016/j.jiph.2014.05.004
https://doi.org/10.1186/s13756-023-01210-6
https://doi.org/10.2147/IDR.S272733
https://doi.org/10.3390/pathogens9050362
https://doi.org/10.1016/j.ijantimicag.2017.05.001
https://doi.org/10.3168/jds.2022-22267
https://doi.org/10.1093/lambio/ovad067
https://doi.org/10.3855/jidc.3676
https://doi.org/10.33073/pjm-2021-007
https://doi.org/10.1186/s13104-019-4627-z
https://doi.org/10.3389/fpubh.2019.00130
https://doi.org/10.3390/microorganisms12010017
https://doi.org/10.1016/j.fm.2016.10.004
https://journals.asm.org/doi/abs/10.1128/microbiolspec.gpp3-0060-2019
https://doi.org/10.1038/s41559-018-0617-5
https://doi.org/10.1038/s41559-018-0617-5
https://doi.org/10.1128/AAC.00816-17
https://doi.org/10.3390/tropicalmed7120438
https://doi.org/10.1016/j.jgar.2017.07.009
https://doi.org/10.1186/s12941-016-0171-z
https://doi.org/10.3389/fmicb.2018.01901

Iragi Journal of Veterinary Sciences, Vol. 40, No. 2, 2026 (225-234)

GV (B spomll i g el el dban JlET e Ay el
LJGA&!&—&AG—“\\AS.V'VY‘ J“""‘HJL;J YoV ‘).\Lu“wc‘).\ﬂ\d);
Giaily e i ye 4l Y e g By alall 5 diall Lgaaibiad
cle Jlal 8 e ) s dalae 48 sl Culall e Cued (Cagll 1
Laslsbose Glo aly V3l aoai i ol el Jsialal
S el sl Jelas akli g 4 pal) 3l <l HLAAY) 5 & peatioadl)
«dld ) ALYl mecA 5 nuc i <3 53 PCR Jaslusial)
5 esap = bl 5 MLST iall chpaill il Caensial
o YV e aat & ) Cilaliaall duuluall ¢l il culeSin
e Ade oY lgie ¢ Ayl Al A il Gl Sl Y e
¥, 4 e LS Cpliedivall Ao gliall A dll 4 giind) ) (Sl
oo e Gphaiie e s Gl gally (plad s palddl e A e
Y ara e Gl Sl Glabias dpulua &l plid) GaiSy | ) gl
Glaa gl 5 GalSaul 3l cclagd 5 Sl 5 ¢ aliSY Ll dylle da 5lia
5 1386 Laaill (S 5 clalida Unai V) 5 5pa (e 8 e e gana and
238 3530 J5Y EOLY) &5 LS () Y=aaad) (0 YA) L& sl Y
G5 S @idll 8 spa (e (e (e s 2 oo Al )
Adlaay) e dljall sl & spa e ddaaial) Y el e T)
Aliy il Jual) @iy @Y 3l o dah A 2sa gl Al
40 gtial) @l oSl Jla) Al ity Laa bl uall (ye 4 g jadll

O sl s ¥ G Cnlanainall da gliall 43831

234

-

Laadll dgaghiall ClyeSall Al Chua gl
3 A gl Sl (e Cplailall dagliall
YRS ‘éﬁ Cdallilal) pil)

Lf"; c\é‘gts.h d...\GlAu\ c'a.u‘,hs J:ﬂ Lﬁj "3\.3\} EVES
JQ‘*JG il ) c\éJjﬂ‘we‘Q@Jﬁ\ﬁ‘dﬁc\sﬁ‘ﬁ
Pasasall e pale Q)9 Jla

daala gkl bl 4408 dulu) 4 k) dplall a glell aud
Aphall aslally Asall and 7o) i) LaglgSilly ol
g 8 A ¥ Al T lae col i) Aaala Alanall L A sl
sl Gon 8 deme Y] dall dpsad) slall and Al
Ll cla Landl 40 gaadl (al 5eY1 5 Ay Sl il dgas
LY Basa dgma coldally A giiall Liial) ) giald) (oal paY) and

Lol sila g danll calall daala (332 Y 2Dl

-

AadAll

3 Galaainall e gliad) 4 dll A0 stiall il Sally (5 sanll axd
wds;.ﬁ\ ‘_J\ M‘J.ﬂ\ sl Cadaa (A Mbd‘ M\Qﬁ)ﬁ)&h
u.ﬂ.\...u.\.mﬂ MJM\ mﬂ\ ijs.\aj\ u\JjS.AS\ c_ay‘)c Ay



