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Abstract:

Staphylococcus aureus (S. aureus) is one of the most important
pathogens involved in food borne infections from consumption
of milk and dairy products. Antibiotics are used to treat livestock
commonly, resulting in a problem of antibiotic resistance of
Staphylococcus aureus which has a huge risk for public health
all over the world. Because of its toxin-mediated pathogenicity,
antibiotic resistance, and invasion, Staphylococcus aureus
consider one of the most significant pathogens. The present study
was performed on a total of 150 raw cow's milk from different
sources at Damietta Governorate. The examined samples were
taken in ice box within an hour for bacteriological examination.
The results revealed that 48 out of 150 isolates (32 %) were
positive for S. aureus. Out of those 48 isolates, 25 (52.08%) were
coagulase positive and the other 23 (47.92%) were coagulase
negative. Detection of antibiotic sensitivity of S. aureus isolates
by disk diffusion method and confirmed by viteck2 compact
method revealed that against 10 antimicrobial discs S. aureus
show resistance against penicillin G, oxacillin and tetracycline
antibiotics by 24% followed by 16% resistance against
ciprofloxacin and show good sensitivity against amikacin,
chloramphenicol and erythromycin antibiotics. These results
obtained according to CLSI (2016). This study aimed to isolate
and identify the multi drug resistant coagulase positive S. aureus
from raw cow's milk at different regions of Damietta governorate
and evaluate its antimicrobial activity against different groups of
antibiotics.
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Introduction:

Staphylococcus aureus (S. aureus)
consider a common commensal
bacterium present on skin and
mucosa of ruminants, and it is
linked to clinical and subclinical
mastitis, which can be transferred
to people through contaminated
dairy products and milk (Swetha et
al., 2017). S. aureus can colonize
animal and human bodies and
cause a lot of infections differ in
severity (Kalayu et al., 2020). In
humans, S. aureus can cause
different  infectious  diseases
ranging from mild infections in
skin such as cellulitis, boils,
abscesses, pimples or scalded
syndrome of skin to more serious
illnesses like meningitis,
pneumonia, endocarditis, toxic
shock syndrome and bacteremia. S.
aureus is linked to bovine mastitis
and bumble foot disease in poultry.
(Ali Y et al., 2017). Certain kinds
of food contaminated with S.
aureus, such as dairy products,
milk, canned meat, sausage, and
salads, are considered a potential
vector for spreading S. aureus to
people. (Dehkordi et al., 2017).
Many studies discussed that many
S. aureus strains  contain
enterotoxins, which contaminate
milk and milk products and cause
milk-borne illness (Saadat et al.,
2014). Because Staphylococcal

enterotoxin (SE) resist freezing,
drying, heat, decreasing PH and
proteolytic enzymes, it can cause
its effects in the digestive tract at
low dose (Hennekinne et al.,,
2012). There is an association
between  the incidence  of
Staphylococcus aureus in milk and
the previous exposure to mastitis.
(Lakech Tibebu et al., 2021).
Mastitis is a disease that affects
dairy cattle and result in reduced
milk quality and quantity. Mastitis-
affected dairy cows produce 30%
less milk every quartile, which can
result in a 15% reduction in milk
production this causing mastitis to
be one of the most serious issues
influencing the industry of dairy
animals globally (Abutarbush,
2010). Two types of mastitis are
present known as clinical and
subclinical mastitis and It was
found that the incidence of
subclinical mastitis is higher than
the incidence of clinical mastitis in
dairy animals (Mbindyo et al.,
2020). Humans are subjected to
adverse consequences and
mortality as a result of food-borne
illnesses caused by milk and milk
products (Painter etal., 2013). The
main cause of food poisoning,
invasiveness and antibiotic
resistance among bacterial
pathogens is S. aureus (Gundogan
and Avci, 2014). Antibiotics are
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now widely used in nutrition to
enhance growth in farm and
pastoral animals, resulting in the
problem of antibiotic resistance
(Onicuiuc et al.,, 2017). MRSA
become of great concern for public
health because it is the main
pathogen that causing infection to
human beings from livestock
animals (Dooulgeraki et al., 2017).
Multidrug resistance has been
increased all over the world that is
considered a public health threat.
Several  recent investigations
reported the emergence of
multidrug-resistant bacterial
pathogens from different origins
including humans, birds, cattle,
and fish that increase the need for
routine  application of the
antimicrobial susceptibility testing
to detect the antibiotic of choice as
well as the screening of the
emerging MDR strains (Algammal
et al., 2020; Algammal et al.,
2021; Enany et al., 2020;
Makharita et al., 2020; and Said
et al., 2020).

Material and methods:
Sampling:

Between October 2019 and March
2021, 150 milk samples from dairy
cows were collected in Damietta
and New Damietta cities, Egypt. In
centrifuge tubes, dairy milk was
obtained directly from the
milkman. 1 mL of milk is
aseptically put into a glass sterile
10 mL tube containing 4 mL of

buffered peptone water and
incubated at 37°C for 24 hours
(Thaker et al., 2013).

Bacterial isolation and
identification:
Following  enrichment media

incubation, cultured on mannitol
salt agar, and Baird Parker agar
(Quinn et al., 2002) plates and
incubated at 37°C for 24-48 hours
then colonies were identified.
Suspected colonies of S. aureus
were examined morphologically
and biochemically according to
(FDA, 2001) and microscopically
according to (Ryan and Ray,
2004). Identification was
accomplished through
morphological and cultural
features analysis, followed by
microscopic examination using the
gram staining method. The
coagulase and catalase tests were
used in a biochemical examination
to confirm the S. aureus species.
The catalase test was carried out by
dropping 3 percent hydrogen
peroxide onto a clean glass slide
and mixing it with 1 bacterial
colony loop inoculum (APHA,
1992). Coagulase testing can be
done in two ways: (a) using a
coagulase slide, and (b) using tube
coagulase (Mackie and
McCartney, 1996) which done by
adding fresh pure culture to sterile
agglutination tubes containing 5 ml
of brain heart infusion broth and
incubated at 37 °C overnight 0.1 ml
was transferred to tubes containing
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0.3 ml of sterile citrated rabbit
plasma. Inoculated tubes were
incubated at 37 °C and examined
for clot formation after 2 hours.
The positive reaction was indicated
by clot formation. The negative
tubes were left for another 20 hrs.
at room temperature before final
results were recorded.
Antimicrobial sensitivity test:

S. aureus isolates were subjected to
antibiotic sensitivity tests against
different antibiotics using disc
diffusion method (Finegold and

S. aureus isolates. The distinct
Gram-positive specific bacterium
card was used in this study. This
card is included a total of 10
antimicrobial discs as shown in
table (1). The Vitek2 apparatus
classified the isolates as sensitive,
intermediate, or resistant to the
antimicrobials tested. The multi
drug resistance (MDR)
phenomenon was assessed based
on acquired resistance to at least
one antibiotic in three or more
antimicrobial classes (Magiorakos

Martin, 1982) and all tested et al., 2012), and isolates tested
isolates were confirmed by viteck2  intermediate  to a  specific
compact method. The fully  medication were declared resistant.
automated  Vitek2 equipment  The Clinical Laboratory Standards
(bioMérieux, Marcy [I'Etoile, Institute (CLSI) guideline (CLSI,
France) was used to assess the  2016) was wused to identify
antimicrobial susceptibility of the  resistance breakpoints.
Table (1): Antimicrobial discs
Antimicrobial discs Symbol Conc.
Penicillin G P 10 units
Amikacin AK 30 mg
Chloramphenicol C 30 mg
Oxacillin OX 30 mg
Tetracycline TE 30 mg
Ciprofloxacin CIP 5 mg
Gentamycin CN 10 mg
Ceftaroline Rx 30 mg
Erythromycin E 15 mg
Trimethoprim- sulfamethoxazole SXT 1.25/23.75
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Figure (1): VITEK 2C: Automated solution for bacterial identification and

antibiotic sensitivity.

Results:

Coagulase positive S. aureus was
identified by morphological and
culture characters as well as
identical biochemical tests as:
Morphological characteristics of
colonies:

On mannitol salt agar, colonies
were yellow color surrounded by
yellow halo with yellow colored
medium as S. aureus ferment
mannitol salt convert color from

Biochemical reactions:
Table (2): Results of catalase test

pink to yellow. On Baired Parker
medium colonies appear black
large in size surrounded by a clear

zone and  opalescent ring
immediately in contact with
colonies.

Microscopic examination:

Using gram staining method which
show gram positive cocci bacteria
arranged as grape like clusters
under light microscope.

No. of Isolates

Catalase test

48

+ve

102

-ve
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catalase test
150
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catalase + catalase -

Figure (2): Result of catalase test

Table (3): Result of the coagulase test:

No. of sample No. of positive No. of negative
48 25 23
Percent 52.08 % 47.92 %

coagulase test

54
52
50
48
‘0w
44

coagulase +  coagulase -

Figure (3): results of coagulase test
Table (4): Result of culture on Mannitol salt agar (MSA):

No. of No. of positive growth No. of Mannitol
positive on MSA fermenter isolate
48 20 28
Percentage 41.77 % 58.33%
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Figure (4): Result of Mannitol fermentation

Table (5): Result of tellurium reduction and lipase activity on Baired
Parker Media:

No. of sample Tellurite reduction Lipase activity

48 48 28

Percentage 100% 58.33%

120
100
80
60
40
20

0
Tellurite Lipase activity
reduction

Figure (5): Result of tellurium reduction and lipase activity on Baired
Parker media

Table (6): Incidence of Staphylococcus aureus in the examined raw
cow's milk:

No. of milk sample Staphylococcus aureus isolates
150 No. of positive Percentage
48 32 %
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Table (7): Result of the sensitivity tests for the isolated coagulase positive S.
aureus

Antimicrobial Sensitive Intermediate Resistant
discs No. | Percent. | No. Percent. No. Percent.
B-Lactam
Penicillin G 14 56% 5 20% 6 24%
Oxacillin 14 56% 5 20% 6 24%
Aminoglycosides
Gentamycin 15 60% 10 40% - -
Amikacin 20 80% 5 20% - -
Tetracyclines
Tetracycline 14 56% 5 20% 6 24%
Fluoroquinolones
Ciprofloxacin 13 52% 8 32% 4 16%

Trimethoprim
sulfamethoxazole

SXT 14 56% 11 44% - -
Macrolides
Erythromycin 16 64% 9 36% - -
Phenicols
Chloramphenicol | 18 72% 7 28% -
Cephems
Ceftaroline 12 48% 13 52% - -

Antibiotic sensitivity

1§EIII|III|I

Sulfam
Penicill Oxacilli Genta Amikac Tetrac Ciprofl ethaxa| Chlora Cefota
. . . . . zole 'mphen .
in G n mycin in ycline oxacin . . roline
trimet | icol
hoprim
M sensitive 56 56 60 80 56 52 56 72 48
intermediate 20 20 40 20 20 32 44 28 52
resistant 24 24 24 16

Figure (6): S.aureus shows different percentage of sensitivity to the
used antibiotic discs

infectious illnesses, ranging from
Discussion: cutaneous to systemic infections,
S. aureus is a pathogenic bacterium  all of which can be fatal. (Decline
that can cause a variety of etal., 2020). In the recent study, a
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total of 150 raw cow's milk
samples were examined
bacteriologically to investigate the
prevalence  of  staphylococci.
Forty-eight (48) staphylococci
isolates were isolated from 150
milk samples with a percentage of
32 %. These results differ from
results conducted by (Patel et al.,
2018) that showed the incidence of
S. aureus isolated from raw milk in
India is 10.16 % which higher than
other studies in India as that done
by (Thaker et al., 2013) who
reported 6.25% and lower than
(Kumar and Prasad, 2010) who
reported 26% in other study. In raw
milk samples, (Lingathurai and
Vellathurai, 2011) found 61.7 %
prevalence of S. aureus that higher
than this study. Results of this
study is nearly similar to other
studies in different areas as
(Bendahon et al., 2008; Farhan
and Salk, 2007; Jahan et al., 2015
and Erhan Keyvan et al., 2020)
found prevalence rates of 40%,
36.9%, 25.53 % and 37.32% in
Morocco, Palestine, and
Bangladesh and Turkey
respectively. Researchers from
Switzerland, Iran, and Brazil, on
the other hand, found lower levels
of S. aureus than those found in the
current study (Jamali et al., 2015;
Lee et al., 2012). Because of
sample size, antibiotic use in
animal husbandry, and hygienic
procedures among dairy cows,
prevalence results differed from

place to place and region to region
around the world. The significant
prevalence of S. aureus is a sign of
poor hygienic practices in food
manufacturing, distribution, and
handling (Vyas et al., 2015). In this
study, all S. aureus isolates were
Gram-positive cocci arranged in
grape like clusters shown under
microscope by Gram staining and
they were coagulase producer as
coagulase test is the main
characteristic and most reliable
phenotypic method for
identification of S. aureus. These
results came parallel with (Howard
and Kloss, 1993; Wiadimir et al.,
2000) who found that S. aureus
strains were Gram-positive cocci.
Different biochemical assays were
performed on all isolates, including
coagulase, catalase, oxidase, vogos
proskauer, methyl red, citrate
utilization, and triple sugar iron
agar tests. By yellow color of slant
and buttom, all tested isolates were
found to be coagulase positive,
catalase positive, oxidase negative,
indol test negative, methyl red test
positive, vogos proskauer test
positive, citrate utilization test
negative, and triple sugar iron test
positive without production of H2S
gas. These findings agreed with
findings of other studies (Habib et
al., 2015; Reddy et al., 2015 and
Ramya et al., 2017) who subiected
S. aureus isolates to the same
biochemical tests and found the
same results. In this study S.
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aureus give characteristic black-
centered colonies surrounded by a
halo zone onto Baired Parker
medium. Also, Mannitol salt agar
is a selective and indicator medium
contain mannitol 1% and sodium
chloride 7.5% with phenol red as
indicator of acid production S.
aureus ferment mannitol form
colonies that turn the indicator to
yellow colour. The same was
confirmed by (Quinn et al., 1994;
Colle et al., 1996 and Mackei and
Mccarthey, 1996) who reported
that Mannitol salt agar and Baired
Parker medium are used and
specifically in food microbiology.
S. aureus gives characteristic
black-centered colonies
surrounded by an area of clearing,
sometimes with an area of opacity
within onto Baired Parker and
mannitol salt agar is selective and
indicator medium for S.aureus.

Penicillin G and oxacillin are B-
lactam antibiotics, according to the
results of antibiotic sensitivity
tests. In the treatment of mastitis in
dairy cows, B-lactam antibiotics
are commonly utilized. The
interaction of three  heavy
molecules and one light molecule
in penicillin binding proteins gives
this antibiotic its activity in S.
aureus. Penicillin binding protein
has an impact on peptidoglycan
cell wall production and cell
proliferation. Penicillin  binding
protein (PBPs), an enzyme for
peptidoglycan  production, is

inhibited by B-lactam antibiotics
(Effendi et al., 2019). There have
been a slew of studies on S. aureus
multi-resistance in recent years
(resistance to other antibiotics as
well as B-lactams) (Brennan et al.,
2016; Ganai et al., 2016; Gopal et
al., 2017) and this agreed with this
study as S. aureus isolates show
resistance against penicillin G,
oxacillin, tetracycline and
ciprofloxacin antibiotics. A study
done by (Harish et al., 2019)
reported that all S. aureus isolates
show variable resistance to
antibiotics  tested. = Maximum
resistance was observed for
penicillin G (74.9%) followed by
gentamycin (27.2%), erythromycin
(21%), cefoxitin (15.2%),
ciprofloxacin (11.5%), tetracycline
(7.8%), cotrimoxazole (5.8%) and
chloramphenicol (0.5%) and these
results agreed with results of
(Hanson et al., 2011; Fawzy et al.,
2017) who reported 77.7% and
73.6% penicillin resistance
respectively and this differ from
these findings. In this study
resistance to tetracycline was
found to be 24% among S. aureus
isolates and this differ from results
of a study reported by (Shamila-
Syuhada et al., 2016) who
revealed that there is 5% resistance
to tetracycline among S. aureus
isolates in Penang, Malaysia.
Higher resistance to tetracycline
among S. aureus isolates than this
study was observed in others
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(Mirzaei et al., 2012; Jackson et
al., 2013; Feng et al., 2016) who
reported 23%, 11.84% and 25%
resistance respectively and only
1% tetracycline resistance was
observed among S. aureus in a
study conducted by (Wang et al.,
2018) which is lower than the
results of this study.

Conclusion:

Recently, the rise of multidrug
resistant pathogenic infections in
livestock has become a global
concern. The rapid proliferation of
drug-resistant strains aided by
intrinsic or genetic features, is
concerning since it complicates
chemotherapy and diagnosis.
Multidrug resistant strains can be
transferred from livestock to
people and vice versa. Each
institution developed for multidrug
resistant pathogens control in
animals depend on its infection in
humans and animals, particularly
dairy animals and this information
is critical for the development of
specialized multidrug resistant
pathogens control guidelines in
veterinary practice.
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