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ABSTRACT

A total of 10Staphylococcusaureusisolates were recovered from 117 milk samples which were
obtained from 93 dairy cows indifferent farms suffered from clinical mastitis, these isolates were
phenotypically characterized and identified based on colony morphology andbiochemical tests. In
addition, antibiotic susceptibility pattern of these strains was investigated and a trial to investigate the
mechanism of the isolated bacterium to antibiotic resistance by PCR detection of class 1 integron.
The milk samples were examined bacteriologically: Thirty-three out of 117 samples (28.2%) were
positive for staphylococcus. Ten out of 33 samples (30.3%) were coagulase positive staphylococcus.
The S. aureus isolates were highly sensitive to Cephalothin (DF30), Ampicillin/sulbactam (SAM),
Methicillin(DP5ug), Amoxicillin-Clavulanic acid (AMC30) and Trimethoprime-Sulphamethaxole
(SXT25ug), Susceptibility rates of S. aureus to these antibiotics were: 90, 80, 80, 70 and70%,
respectively. Higher resistance was observed to Streptomycin (S10ug), Kanamycine (K30ug),
Tetracycline (Te30ug), Erythromycin (E15ug), Cefotasime (CTX30ug), Cefoperazone (CFP75ug),
Ampicillin (AMP10pg), Gentamycine (GN10pg), Amoxicillin (AX25u0) and
Ciprofloxacin(CIP5ug), Susceptibility rates of S. aureus to these antibiotics were: 30, 30, 30, 30, 40,
40, 40, 40,40 and 50%, respectively. The molecular detection of S. aureus specific sequence
gene(Sa), genes encoding clumping factor A (clfA), gene encoding S. aureus protein A (spa)and the
class 1 integron using Polymerase Chain Reaction were carried out. A total of 10 Staphylococcus
aureus isolates were negative for the presence of class 1 integron but yielded an amplicon size of
about107 bp in case of S. aureus specific sequence gene (Sa), an amplicon size of about 638bp in case
ofclfA gene. Amplification of the(spa) gene encoding S. aureus protein A was detected in 9 strains out
of 10 (90%)and yielded an amplicon size of about 226bp. The data in this study provided an overview
on the incidence of staphylococcus aureus in clinical mastitis and the distribution of virulence
determinants and antibiotic resistance of these S. aureus strains.

Corresponding Author: Ahmed L. Al-Ashmony, ahmedlotfy301@gmail.com

1. INTRODUCTION

S. aureus is a ubiquitous Gram-positive micro-
organism commonly isolated from raw milk of dairy
cattle suffering from mastitis. So, its presence in raw
milk is a major concern for the safety and the quality
of traditionally dairy products (Delbes et al., 2006).
It may cause a spectrum of pathologies in humans
and animals (Viana et al., 2007). Mastitis is one of
the major causes of economic losses in dairy
industry worldwide, with a wide variety of
microorganisms involved. The major microorganism
is Staphylococcus aureus. S. aureus is often
responsible for intramammary infections in bovines,
and is the main etiological agent of contagious
mastitis in  dairy herds (Gilbert et al,
2006andTaverna et al., 2007). S.aureus has a
capacity to produce a large number of putative
virulence factors (Kalorey et al., 2007). Some of

these factors may be of more importance than others
indifferent diseases or at different stages of the
pathogenesis of particular infections, as not all
factors are produced by each strain. Indiscriminate
use of existing antibiotics leads to proliferation of
antibiotic resistance and poses a dilemma for the
future treatment of bacterial infection. Antibiotic
resistance in microbes still remains one of the
leading concerns in global public health, and several
mechanisms involving mobile genetic elements have
been shown to contribute to the wide spread and
distribution of antibiotic resistant genes among
bacteria. In recent years, the role of integrons as a
mobile genetic mechanism in horizontal transfer of
antibiotic resistance has been well established. As a
novel antibiotic resistance mechanism, class 1
integron has been identified as a primary source of
antimicrobial resistance genes in Gram-negative
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organisms. However, most available occurrence of
integrons had been limited within Gram-negative
microbes, very little is known for clinical Gram-
positive bacteria (Xuet al., 2011). This study aimed
to throw the light on the incidence of staphylococcus
aureus in clinical mastitis, the genotypic
characterization of S. aureus strains isolated from
dairy cows suffering from mastitis and provided an
overview on the distribution of virulence
determinants of these S. aureus strains which
contribute in bovine mastitis problem in the
Egyptian farms. This study also aims to concentrate
on the latest development of class 1 integron in S.
aureus isolates, including summary of prevalence
and occurrence of class 1 integron, analysis of
correlation  between integron and antibiotic
resistance, further demonstration of the role
integrons play as antibiotic determinants, as well as
origin and evolution of integron-associated gene
cassettes.

2. MATERIAL AND METHODS

2.1. Animal

A total number of (93) lactating cows showing signs
of clinical mastitis were included in this study from
different private and governmental farms in El
Bohera Governorate, Egypt.

2.2. Collection of clinical mastitis milk samples

A total number of 117 milk samples were collected
from lactating cows before the animal have been
treated with either intramammary or systemic
antimicrobial agents. All milk samples were
collected according to (Quinn et al., 2002). The
udder of each animal was palpated before sampling
for presence of clinical signs of mastitis, the
examined udders were thoroughly washed and
carefully dried with clean dry towel. Then the teat
was swabbed with 70% ethyl alcohol. After that the
first few jets of milk were discarded and milk
samples were collected in 50ml sterile falcon tube
from clinically affected quarter. All samples were
taken during the period of spring (33samples) and
summer (84samples) of 2014.

2.3. Bacteriological examination of the clinical
mastitis milk samples

Isolation of S. aureus from raw milk (Quninn et
al., 2002):

The collected milk samples on the brain heart
infusion broth were incubated at 37 °C for 18-24
hours then with centrifuged at 3000 rpm for 20
minutes. (The cream and supernatant fluid were
discarded). Dry heat fixed films were done from the
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sediment. The smears were stained with Gram’s
stain used and examined under oil immersion lens
for the identification of the microorganisms to detect
the suggestive bacterial growth. The presence of
non-capsulated Gram-positive cocci which tend to be
arranged in irregular cluster, considering this sample
suspected to be a staphylococcal infection and then
subjected to the second step of examination.

A loopful from the sediment of each sample was
plated onto nutrient agar, mannitol salt agar
(selective media for Staphylococcus Sp.) and blood
agar media (Quinn et al.,, 1994) according to
(Cruickshank et al., 1975). As well as onto the
Baired Parker’s agar medium (Baired-Parker, 1962).
The inoculated plates were incubated at 37 °C for
24-48 hours under aerobic conditions. Suspected
colonies were picked up for purification and
subjected for identification microscopically and
biochemically according to (Collee et al., 1996,
Quinn et al., 2002, Boerlin et al., 2003andde Freitas
et al 2013).

2.4. Antibacterial susceptibility test
Antimicrobial susceptibility is according to Jan
Hudzicki, (2013) and was performed by disk
diffusion agar method (C.L.S.1, 2012).

2.5. Extraction of DNA (QlAamp® DNA Mini
and Blood Mini Handbook)

According to QlIAamp DNA mini kit instructions, 20
ul QTAGEN protease were pipetted into the bottom
of a 1.5 ml microcentrifuge tube, 200ul of the
sample was added, 200ul buffer AL were added to
the sample, mixed by pulse vortexing for 15 seconds.
The mixture was incubated at 56°C for 10 min, the
1.5 ml microcentrifuge tube werecentrifugated to
remove drops from the inside of the lid, 200 pl
ethanol (96%) were added to the sample, and mixed
again by pulse vortexing for 15 seconds. After
mixing, the 1.5 ml microcentrifuge tube was briefly
centrifugated to remove drops from the inside of the
lid. The mixture from step 6 was carefully applied to
the QlAamp mini spin column (in a 2ml collecting
tube) without wetting the rim,the cap was closed,
and centrifugated at 8000 rpm for 1 min. The
QlAamp mini spin column was placed in a clean 2
ml collection tube, and the tube containing the
filtrate was discarded, the QlAamp mini spin column
was carefully opened and 500 ml buffer AW1 were
added without wetting the rim, the cap was closed,
and centrifugated at 8000 rpm for 1 min. The
QlAamp mini spin column was placed in a clean 2
ml collection tube, and the tube containing the
filtrate was discarded,the QlAamp mini spin column
was carefully opened and 500 ml buffer AW2 were
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added without wetting the rim, the cap was closed, = room temperature (15-25°C) for 1 min, and then
and centrifugated at full speed for 3 min. The centrifugated at 8000 rpm for 1 min.
QIlAamp mini spin column was placed in a new 2 ml 2.6. PCR Amplification

C(_)Ilectlon tu_be and j[he old COII?CUOH. tube was For PCR amplification, a reaction mixture of (25pul)

discarded with the filtrate. Centrifugation at full ed 12,50l JAMPGTPC (0

speed for 1 min was done. The QIAamp mini spin  Contained12.sulEmeraldAmpGTPCR mastermix(2x
' premix),4.5ul of PCR grade water,1pl offorward

column was placed in a clean 1.5 ml microcentrifuge . .
. L - primer (20 pmol), 1ul of reverse primer (20 pmol)
tube, and the collection tube containing the filtrate and 6l of template DNA(Lee et al., 2012).

was discarded. The QIAamp mini spin column was
carefully opened and 100 pl buffer AE were added.
The QIAamp mini spin column was incubated at

Table 1: Interpretation of the results of the antimicrobial susceptibility assay:

Inhibitory Zone

Diameter
Antimicrobial Agent Code resistant intermediate sensitive
disc
Ampicillin AMP10 <13 14 -16 =17
Amoxicillin AX25 <22 23-30 =31
Ampicillin/sulbactam SAM <11 12-14 =15
Cefoperazone CFP75 <15 16-18 =19
Ciprofloxacin CIP5 <15 16 - 20 =21
Cefotasime CTX30 <14 15-22 =23
Trimethoprime-Sulphamethaxole SXT25 <10 11-15 =16
Erythromycin E15 <13 14 - 22 =23
Gentamycine GN10 <12 13-14 =15
Streptomycin S10 <11 12-14 =15
Tetracycline Te30 <14 15-18 =19
Methicillin DP5 <9 10-13 =14
Kanamycine K30 <13 14 -17 =18
Amoxicillin-Clavulanic acid AMC30 <19 20-24 =25
Cephalothin DF30 <14 15-17 =18
Table 2: Primers for amplification of the Staphylococcal genes:
Target gene Primer sequence Length of Reference
o amplified
(5-37) product (bp)
S. aureus specific F5- AAT CTT TGT CGG TAG ATATTCTTC Martineau et
sequence gene (Sa) ACG-3 107bp al., 1998
R 5'- CGT AAT GAG ATT TCA GTA GAT AAT
ACA ACA-3’
clfA F5'-GCAAAATCCAGCACAACAGGAAACGA-3' 638bp Mason et al.,
R 5'-CTTGATCTCCAGCCATAATTGGTGG-3' 2001
spa F5'-TCA ACA AAG AAC AAC AAA ATG C-3' 226hp Wada et al.,
R5'-GCT TTC GGT GCT TGA GAT TC-3’ 2010
Integron class - 1 F5'-GCATCCAAGCAGCAAG-3' Variable Ahmed et al.,
2007

R 5'-AAGCAGACTTGACCTGA-3’
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The reaction tubes were subjected to thermal cycling
with the same programme described previously by
(Martineau et al., 1998) for (Sa), (Mason et al.,
2001) for cIfA, (Wada et al., 2010) for spa and
(Ahmed et al., 2007) for Integron class — 1.

DNA Molecular weight marker used areGel Pilot
100 bp ladder (cat. no. 239035) supplied from
QIAGEN, number of bands: 6, size range: 100-600
bp. And Gel Pilot 100 bp plus ladder (cat. no.
239045) supplied from QIAGEN (USA), number of
bands: 11, size range: 100-1500 bp. The ladder was
mixed gently by pipetting up and down. 6 pl of the
required ladder were directly loaded.

Electrophoresis grade agarose (1.5 g) was prepared
in 100 ml TBE buffer in a sterile flask, it was heated
in microwave to dissolve all granules with agitation,
and allowed to cool at 70°C, then 0.5pg/ml ethedium
bromide was added and mixed thoroughly. The
warm agarose was poured directly in gel casting
apparatus with desired comb in apposition and left at
room temperature for polymerization. The comb was
then removed, and the electrophoresis tank was filled
with TBE buffer. Twenty ul of each PCR product
samples, negative control and positive control were
loaded to the gel. The power supply was 1-5
volts/cm of the tank length. The run was stopped
after about 30 min and the gel was transferred to UV
cabinet. The gel was photographed by a gel
documentation system and the data was analyzed
through computer software (Sambrook et al., 1989).

3. RESULTS
Isolation and identification of microbe:
Morphological identification:

Out of 117 milk samples of clinically bovine
mastitis  35isolates  (30%)tested  positive  for
Staphylococcus on the basis of morphology through
Gram’s stained films, they revealed spherical cocci
0.8 — 1 pum in diameter. Films prepared from solid
media showed grape-like clusters vary in size with
some single or paired cocci. From broth cultures,
small groups, pairs and short chains of less than five
cocci in a line, could be observed. The organism was
non-capsulated Gram-positive, non-sporing and non-
motile.

Cultural characteristics:

After aerobic incubation on nutrient agar, mannitol
salt agar for 24-48 hours at 37 °C, colonies suspected
as Staphylococcus were large, 1- 3 mm in diameter,
and well isolated colonies reached 4 mm in diameter.
The suspected colonies were round, convex, smooth
with glistening surface. Pigmentation of the colonies
varied from cream-buff to golden yellow or even

orange coloration. The observation of pigmentation
made it possible provisional identification of
colonies suspected as Staphylococcus colonies in
mixed cultures. Out of the cultivated 117 samples,
33 showed pigmentation with an incidence of
(28.2%). After aerobic incubation out of these 33
isolates on Baired-Parker’s agar media for 24-48
hours at 37 °C,10 isolates(30.3%) produced black,
shiny, convex colonies with entire margins and clear
zone surrounding the colonies with or without an
opaque zone. The observation of colonies made it
possible provisional identification of S. aureus. This
result confirmed by biochemical identification of 33
suspected Staphylococcus isolates that they were 10
isolates (30.3%)were positive for Catalase test (slide
technique), Oxidase test, Oxidation - fermentation of
glucose (o-f test), Urease test, Gelatin liquefaction
test, Mannitol fermentation test, Coagulase test and
showed B-hemolysis on Nutrient agar containing
7.5% NaCl and 5% (V/V) defibrinated sheep blood
was used. Plates were inoculated on the surface,
incubated for 24 hours.

Results of Antibiotic susceptibility test:

Antibiotic resistance testing revealed that among the
10isolates, one was resistance to all the antibiotics
used in this study. Cephalothin (DF30),
Ampicillin/sulbactam(SAM), Amoxicillin-
Clavulanic acid(AMC30), Trimethoprime-
Sulphamethaxole(SXT25) and Methicillin(DP5)
were the most effective antibiotics for S. aureus
strains. Susceptibility rates of S. aureus to these
antibiotics were: 90% for Cephalothin (DF30),80%
for Ampicillin/sulbactam (SAM) and for Methicillin
(DP5) and 70% for trimethoprim-
sulphamethoxazole(SXT25) and for Amoxicillin-
Clavulanic acid (AMC30). Higher resistance was
observed to Streptomycin (S10), Kanamycine
(K30),Tetracycline  (Te30), Erythromycin(E15),
Cefotasime(CTX30), Cefoperazone(CFP75),
Ampicillin (AMP10), Gentamycine(GN10),
Amoxicillin - (AX25) and Ciprofloxacin(CIP5),
Susceptibility rates of S. aureus to these antibiotics
were: 30, 30, 30, 30, 40, 40, 40, 40,40 and 50%,
respectively.

Results of amplification of target genes:

Amplification of S. aureus specific sequence gene
(Sa)resulted in a single amplicon with size of
approximately 107 bp for all isolated strains, which
confirmed the assumption that all the strains were
Staphylococcus  aureus, indicating no  size
polymorphisms of this gene (Figure 1).
Amplification of the clumping factor A(clfA) gene
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resulted in a single amplicon with a size of  approximately 226bp for 9 S. aureus strains out of 10
approximately 638 bp for all 10 S. aureus strains (90 %) (Figure3). All samples exhibited a negative
indicating no size polymorphisms of this gene  PCR reaction with the Integron class -1gene (Figure
(Figure 2). Amplification of S. aureus protein A gene  4).

spa resulted in a single amplicon with a size of

Table 3: Antibiotic sensitivity test for the 10 S. aureus isolates:

Sensitive Intermediate resistant
Antimicrobial Agent Code disc No. % No. % No. %
Cephalothin DF30 9 90% 1 10% 0 0
Ampicillin/sulbactam SAM 8 80% 0 0 2 20%
Methicillin DP5 8 80% 0 0 2 20%
Trimethoprime-Sulphamethaxole SXT25 7 70% 1 10% 2 20%
Amoxicillin-Clavulanic acid AMC30 7 70% 1 10% 2 20%
Ciprofloxacin CIPS 5 50% 0 0 5 50%
Amoxicillin AX25 4 40% 0 0 6 60%
Gentamycine GN10 4 40% 0 0 6 60%
Ampicillin AMP10 4 40% 0 0 6 60%
Cefoperazone CFP75 4 40% 0 0 6 60%
Cefotasime CTX30 4 40% 1 10% 5 50%
Erythromycin E15 3 30% 0 0 7 70%
Tetracycline Te30 3 30% 0 0 7 70%
Kanamycine K30 3 30% 1 10% 6 60%
Streptomycin S10 3 30% 1 10% 6 60%
| 20 [ 9 | 8 [ 7 | 6 JpPs | L | 5 [ 4 ] 3 | 2 | 1 | Neg |

Figure (1): Typical amplicons of theS. aureus specific sequence gene (Sa).
L: is 100 bp plus ladder (QIAGEN USA) used as size marker.
Pos: is control positive.Neg: is control negative.

Figure (2): Typical amplicons of the clumping factor (cIfA) gene in S. aureus. Isolate.
L is 100 bp plus ladder (QIAGEN USA) used as size marker.
Pos: is control positive.  Neg: is control negative.
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Figure (3): Typical amplicons of theS. aureus protein A gene spa gene in S. aureus. Isolate.

L is 100 bp plus ladder (QIAGEN USA) used as size marker.

Pos: is control positive.  Neg: is controlnegative.

1700 bp

Figure (4): All samples exhibited a negative PCR reaction with the Integron class -1 gene.

M: is a 100 bp ladder used as size marker.
CtP: is control positive. CtN: is control negative.

4. DISCUSSION

S. aureus is recognized worldwide as frequent cause
of intramammary infections in dairy cows. The main
reservoir of S. aureus seems to be the infected
quarter, and transmission between cows usually
occurs during milking. S. aureus produces a
spectrum of extracellular protein toxins and
virulence factors which are thought to contribute to
the pathogenicity of the organism (Mounir et al.,
2010).

Staphylococci  aureus is non-capsulated and
facultative anaerobic Gram-positive coccus which
appear as grape—like clusters when viewed through
microscope although pairs and short chain are seen
frequently in fluid media. On cultivation it has a
large, round, smooth, convex and lustrous golden-
yellow colonies often with hemolysis when grown
on blood agar plates. The golden appearance is the
etymological root of the bacterium's name, aureus
mean "golden" in Latin. It is non-spore forming
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non-motile. The organisms are found in suppurative
process in man and animals (Ryan and Ray., 2004).

Results in this study revealed that staphylococci on
Gram staining werenon-capsulated Gram-positive
spherical cocci 0.8 — 1 pm in diameter in films from
solid media grape-like clusters vary in size with
some single or paired cocci in broth is small groups,
pairs and short chains (less than 5 cocci in line).
They are non-sporing and non-motile. These results
are in agreement withCollee et al. (1989) and
Koneman et al. (1992). In this study, Staphylococcus
cultural characteristics on nutrient agar, white,
yellow or orange water insoluble pigments were
formed. And onmannitol salt agar,yellow or golden
yellowwater insoluble pigments were
formed.Alsothey were aerobic and facultative,
liquefied gelatin and fermented a number of
carbohydrates to acid. These results agreed
withMerchant and Packer(1956) and Jahan et
al.(2015).Staphylococcus  cultural  characteristics
onBaired-Parker’s agar media for 24-48 hours at 37
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°C, produced black, shiny, convex colonies with
entire margins and clear zones surrounding the
colonies with or without an opaque zone. These
results agreed with that of Roberson et al. (1992) and
Taylor and Francis (2010). The results of
bacteriological examination of the clinical mastitis
milk samples showed that the incidence of suspected
staphylococci  were 33isolates out of 117
(28.2%)examined milk samples. These results are
nearly similar to those described by Jha et al. (1993)
and Jha et al. (1994) who reported an incidence of
32.1 and 35.2%, respectively for staphylococcal
species.The results of biochemical identification of
the 33 suspected staphylococci revealed that 30.3 %
were S. aureus. These results are nearly coincident
with those obtained by Baudet and Chieze (1994)
who isolated S. aureus at a percentage of 30% and
Selem et al. (2002) at a percentage of 31.5%. The
results of antibiotic susceptibility are in agreement
with those of described by Mounir et al. (2010) who
reported that danofloxacin, amoxicillin-clavulanic
acid, sulbactam-ampicillin and  Trimethoprim-
sulphamethoxazolewere  the  most  effective
antibiotics for S. aureus strains susceptibility rates of
S. aureus to these antibiotics were: 94%
danofloxacin, 84% for amoxicillin-clavulanic acid,

82%  for  sulbactam-ampicillinand  75%for
trimethoprim-sulphamethoxazole. However, high
resistancerates were found to penicillin and

streptomycin69%, oxytetracycline67%,
cefoperazone andamoxicillin 59%and lincomycin
35% among S. aureus strains. The ability of S.
aureus to adhere to extracellular matrix proteins is
thought to be essential for the colonization and the
establishment of infections (Salasia et al., 2004).
S.aureus possesses various adhesion genes, including
cIfA, fnbA, andcan(El-Sayed et al., 2005).PCR
analyses of clfA genes in the investigated 10 strains
suggesting an important role of these elements in the
pathogenicity of bovine mastitis. However, Brody et
al.,( 2008) found that some genes including clfA and
S. aureus protein A gene spawere present in both
antimicrobial resistant and susceptible isolates,
statistical analysis showed there is a strong
relationship with resistance patterns. Therefore, the
determination of mechanism of antibiotic resistance
patterns might provide important information
towards specific control measures (Ferens et al.,
1998). In this study most of the S. aureus strains
were found to be resistant  streptomycin,
kanamycine, erythromycin, tetracycline, amoxicillin,
cefoperazon, ampicillin and gentamycine at high
rates. These high rates can be attributed to the
random use of antibiotics dry period treatments,
different treatment choices used in farms of
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EIBohera Governorate. All isolate included in this
study exhibited a negative PCR reaction with the
Integron class -1 gene. This result agreed with Xuet
al., (2011) which showed that class 1 integron has
been identified as a primary source of antimicrobial
resistance genes in Gram-negative organisms.
However, most available occurrence of integrons
had been limited within Gram-negative microbes,
very little is known for clinical Gram-positive
bacteria (Nandiet al.,2004). Although all isolate was
negative for class lintegronyet, this study started the
investigation about class 1 integron in S. aureus from
bovine mastitis milk in Egypt.

5. CONCLUSION

Data presented in this study showed that a broad
distribution of identical or closely related S. aureus
clones are responsible for the mastitis situation in El

Bohera Governorate, Egypt. Due to S. aureus
isolates from cows with bovine mastitis were found
to differ in their gene patterns, genotypic

characterization provided a better understanding of
the distribution of the prevalent S. aureus clones
among bovine mastitis isolates. This can aid in the
investigation and control of S. aureus infections in
dairy herds. Further studies aim to obtain more data
about different species will be conducted indifferent
regions in Egypt.
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