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Abstract

Staphylococcus aureus (S. aureus) is considered a major pathogen associated with mastitis
infections. Resistance of S. aureus to Penicillin has a wide distribution. The aim of this study
was to investigate the prevalence of MRSA with special reference to Penicillin in Sohage City,
Egypt. Therefore 85 milk samples were collected from subclinical mastitis cows, and examined
for the prevalence of MRSA using conventional methods and by PCR. Out of 85 milk samples
studied, 70 samples (97.2%) were positive for S. aureus. All of these were confirmed on
Mannitol and Baired Parker agar and only 15 of them were confirmed on Oxacillin Resistance S.

aureus Base (ORSAB) as MRSA. Polymerase Chain Reaction (PCR) method confirmed only 3
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samples out of the 15 MRSA positive. The highest resistance of the isolated strains was
recorded for Penicillin and the lowest was recorded for Amoxicillin/Clavulanate. Therefore, the
appropriate therapy of B-lactame resistance S. aureus infection requires more about the
knowledge of antimicrobial resistance profile.
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1. Introduction

S. aureus is the most important pathogen among Staphylococci species related to sub-
clinical intramammary infections in dairy cows leading to severe economic losses in industry
worldwide (1). Although a variety of antibiotics can be used against this organism, S. aureus
mastitis has been found to respond poorly to antibiotic treatment (2). The increased resistance of
S. aureus isolates to several antimicrobial agents has been reported (3). The determination of
antimicrobial susceptibility of clinical isolates is required not only for therapy but also for
monitoring the spread of resistant strains throughout the populations. 3-lactam antibiotics are the
most frequently used in intramammary infusion therapy. Bacterial resistance mechanisms to this
class of antibiotics include production of B-lactamase and low-affinity penicillin-binding protein

2a (PBP2a) determined by the presence of the chromosomal gene mecA. The latter, designated
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for methicillin resistance, precludes therapy with any of the currently available B(-lactam
antibiotics, and may predict resistance to several classes of antibiotics (4).

The isolation of S. aureus methicillin resistant (MRSA) from animals was first reported
in 1972 following its detection in milk from mastitic cows. The potential for animals to act as a
source of S. aureus zoonotic infections of humans is exemplified by recent descriptions of
human infections caused by pig-associated strains of MRSA (5). In addition, recent evidence
implies that some S. aureus strains may have the capacity to colonize humans (6) and that
humans represent an important source of new pathogenic strains affecting livestock (7).
Methicillin-resistant S. aureus (MRSA) is among the most important pathogens in terms of
increasing prevalence and impact. Therefore, the purpose of this study was to investigate the
prevalence of MRSA with special reference to Penicillin in Sohage City. The phenotypic and
genotypic characteristics of MRSA isolates were analyzed to gain further insight into short and

long term evolution of MRSA.

2. Materials and methods

A total of 85 milk samples from sub clinical mastitic cows were collected from different
localities in Sohag City in clean, dry and sterile containers and transferred immediately to the
laboratory for examination. The samples were prepared according to A.P.H.A. (8).
2.1. Enrichment procedures:

One milliliter of homogenized milk sample was aseptically inoculated into 5 ml sodium

chloride 10% broth. The inoculated tubes were incubated at 37°C for 18-24 hrs.
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2.2. Isolation and identification of S. aureus:

Loopful of the incubated broth was streaked into plates of selective media Baird- Parker
agar (Oxoid) (9) and Mannitol Salt agar media (Oxoid) (10) in a manner to obtain separated
colonies. Inoculated plates were incubated at 37°C for 2 days. The suspected colonies were
inoculated into slope of nutrient agar for morphological and biochemical tests. The identification
was carried out using the following tests: Gram staining, production of coagulase, catalase and
fermentation of mannitol (11).

2.3. Antimicrobial susceptibility of S. aureus isolates

S. aureus isolates were evaluated for antibiotic susceptibility with the disc diffusion
method on Mucller- Hinton agar plates that were overlaid with the inoculum (turbidity
equivalent to that of a 0.5 McFarland standard) of the S. aureus clinical strains. Zone diameters
were measured at 24 and 48 h as recommended by the National Committee for Clinical
Laboratory Standards (12). The following discs (Oxoid) were used: Penicillin 10 units,
ampicillin (AMP), 10 pg; Amoxicillin 25 pg, Amoxicillin with Clavulanic Acid 30 pg,
Tetracycline 10 pg, and Erythromycin 15 pg.

2.4. Detection of MRSA: was done according to Merlino et al. (13) using Oxacillin Resistance
S. aureus Base (ORSAB) supplemented by (oxacillin, 2.0 pg/ml and polymixin B, 50,000
1UN).

2.5. Confirmation of the isolates and PCR amplification of the mecA gene

Specific primer of mec A gene was used in the molecular detection of methicillin-

resistant S. aureus according to the protocol illustrated by Strommenger et al. (14) with some
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modification as follow: Bacterial DNA was extracted following grown up in the phosphate
buffered saline (PBS), one millilitre of inoculated PBS was centrifuged at 8000 rpm g for 5
minutes. The QIAamp®DNA (51304 Qiagen, USA) was used to obtain bacterial DNA,
according to the manufacturer recommendations and stored at -20°C until use.

2.5.1. DNA amplification: PCR were carried out in 50 ul reaction volumes containing 5 pl
template DNA, 1 mM MgCl,, 50 Mm KCI 1 mM of dNTP, 5 pl of x 10 PCR buffer (Qiagen),
1.25 unit of Tag DNA polymerase (Ampli Tag Gold Qiagen) and 20 pM of each primer. The

sequences of the primers are given in following Table.

Primer name Nucleotide sequence (5 -3) Accession No. | Size of PCR
product (bp)
mec A, forward | AAAATCGATGGTAAAGGTTGGC | 1282/1303 (bp) 533
mecA, reverse | AGTTCTGCAGTACCGGATTTGC | 1814/1793 (bp) 533

The PCR cycles consisted of pre-heating at 94°C for 5 min, denaturation at 94°C for 40 sec. min,
annealing at 50°C for 40 sec and extension at 72°C for 1 min. the amplifications were performed
for 40 cycles in a model T professional basic 070-701 thermocycler, in the Molecular Biology
Research and Genetic Engineering Center, Assiut University, Egypt, with a final extension step
at 72°C for 10 min. The PCR products were visualized using a 1.5% agarose gel containing 0.5
png of ethidium bromide/ml in relation to DNA mass ladder standard (100-bp DNA ladder

Promega Corp., Madison, Wis).
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2.6. Statistical analysis:
Using Pearson's correlation coefficient (SAS program) to compare rapid PCR method and

conventional methods did the statistical evaluation.

3. Results

According to the results in Table (1) it was found that 72 isolates out of the total
examined samples were recorded as staphylococci (84.7%) and 70 isolates of them were
confirmed as S. aureus (97.2%) by conventional methods, and 18.5% were belonging to other
pathogens. Growth of S. aureus isolated from mastitis milk samples on different media was
illustrated in (Table 2). S. aureus showed identical growth rate on both Mannitol salt agar and
Baird Parker (100%), however, it was only 21.4% on ORSAB. The Antibiotic resistance of S.
aureus against 6 antibiotics with different disc potency was determined by disc diffusion method
and recorded in (Table 3). Highest resistance was detected for Penicillin (45.7%), Ampicillin
(42.8%), Amoxicillin (34%) respectively. On the other hand, lowest resistance was seen for
Amoxicillin / Clavulanate (4%). Concerning the PCR method for confirmation of S. aureus
strains as diagnosed by ORSAB, only 3 out of the 15 ORSAB positive isolates were confirmed

by PCR (Table 4) through amplification of mecA gene that was amplified at 533pb (Figure 1).
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Table (1): Incidence of S. aureus in the examined mastitic milk samples

No. of the milk

Positive samples

Negative samples

samples Staphylococci S. aureus Other pathogens
No. % No. % No. %
85 72 84.7 70 97.2 13 18.57

Table (2): Growth of S. aureus isolated from mastitis milk samples in the examined milk
samples on different media

No. of isolated Mannitol salt agar Baird Parker ORSAB
sample No. % No. % No. %
70 70 100 70 100 15 21.4

Table (3): Antibiotic resistance of S. aureus by disc diffusion method

Antibiotics Disc potency | No. of resistant % of resistant
Penicillin 10 LU 32 45.7
Ampicillin 25 g 30 42.8
Amoxicillin 10 png 24 34
Amoxicillin / Clavulanate 30 pg 4 5.7
Tetracyclin (doxycycline) 10 g 9 12.8
Erythromycin 15 ng 11 15.7
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Table (4): S. aureus as diagnosed by ORSAB and by PCR methods

Diagnosis by conventional methods Diagnosis by PCR method
Bacterial strain Confirmed Not confirmed
No. on ORSAB No. % No. %
S. aureus 15 3 20 12 80

S33bp
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Figure 1: PCR products for S. aureus mecA resistance gene
Line M - molecular size marker 1000 bp. Line 1: negative control

Line 4, 5, 6, 7, 8, and 10 negative samples
Line 2, 3 and 9 positive samples 533 bp

4. Discussion

Because of the importance of Staphylococci specifically S. aureus as major mastitis
pathogen which is very difficult to be treated, this work focused on studying Staphylococci

causing sub clinical mastitis in bovine and their antibiotic resistance. According to the results in
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Table (1) it was found that high prevalence of S. aureus (97.2%) by conventional methods. This
was in accordance with Jorgensen et al. (15). Higher results recorded by Ozkan et al. (16).

The most common strategy used by S. aureus to circumvent the action of the penicillins
is by the production of the enzyme B-lactamase, which hydrolyses the B-lactam ring, rendering
the entire compound inactive (17). The use of methicillin and B-lactamase resistant penicillin,
initially overcame the problem experienced with beta-lactamase producing bacteria.
Unfortunately certain groups of bacteria, including the staphylococci, have evolved new
strategies that led to the emergence of methicillin-resistant strains. This has had the greatest
impact in human medicine, where methicillin resistant S. aureus (MRSA) has emerged as a
major nosocomial pathogen. Until recently the problem was limited to hospitals. Bacterial
infection of human beings through consumption of contaminated food is a common finding
worldwide, if care is not taken during milk processing (18).

In present study (ORSAB) were used for screening of MRSA and the results in Table (2)
showed that (21.4%) out of the S. aureus isolates were MRSA. These results correlates with the
findings by Kumar et al. (19), but higher than those obtained by Moon et al. (4).

The primary tool for controlling S. aureus mastitis is antimicrobial therapy. The
penicillins and synthetic penicillins those are resistant to B-lactamase account for the most of the
treatments (20). The present study aimed to detect the prevalence of B- lactam resistance among
S. aureus isolates. Regarding antibiotic susceptibility testing of S. aureus to various antibiotics,
we demonstrated existence of alarming level of resistance of frequently isolated mastitis bacteria

to commonly used antimicrobial agents in the study farms. Therefore, it is very important to
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implement a systematic application in vitro antibiotic susceptibility test prior to the use of
antibiotics in both treatment and prevention of intra mammary infections.

The results of penicillin resistance were similar to those reported in Argentina (21), but
lower than that recorded in Iran (22). Regarding ampicillin 42.8% of S. aureus isolates showed
resistance. Higher resistant reported by Moronie et al. (23). The result of amoxicillin resistance
represent by this study were (34.2%), are less than that illustrated by Moronie et al. (23).
Resistant profile of amoxicillin similar to penicillin G could be associated with the same
biochemical mechanism of the bacterial for resistance these class of agents. It was not possible to
get more than one report to compare this result with other reports. Lowest resistance against S.
aureus in this study was recorded for Amoxicillin/ clavulanate (5.7%). Moronie et al. (23)
reported lower percent. Erythromycin resistant against S. aureus was (15.7%), Saad et al. (22)
reported similar results in Iran. Present results regarding doxycycline resistance for S. aureus
(12.8%) were similar to those recorded in Iran by Saad et al. (22). The high number of B-
lactamase producing isolates found in present study suggests that the administration of B-
lactamse, especially penicillin and related drugs, should be carefully considered for mastitis
control.

The Phenotypic base of identification and susceptibility testing methods are time
consuming and have inherent limitations (24), In addition to the low specificity of the ORSAB
medium that prevents its use at least alone in predicting methicillin resistance S. aureus.
Therefore, PCR based methods have shown to be a rapid and reliable approach for the

identification and genotypic characterization of these organisms. mecA-based PCR method has
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accepted as gold standard (25). Because occasional susceptible strains carrying a non functional
or non-expressed mecA will also be detected, but the presence of mecA is generally considered to
indicate a potential for resistance and is used as a marker to identify MRSA.

In the present study mecA-based PCR methods was carried out using all positive isolates
by ORSAB, 3 out of 15 were positive to mecA Table (4) and Figure (1). This indicated the
absence of correlation between the phenotypic and genotypic tests was, the positive samples to
ORSAB did not carry mecA gene but phenotypically resisted oxacillin. Non mecA methicillin
resistance or MRSA lacking mecA gene are classified as false resistant by agar screening
method. This could be due to another resistance mechanism such as inactivation of oxacillin or
methicillin by hyper production of 3-lactamase (26), or modification of normal penicillin-binding
proteins (PBPs) and altered affinity for methicillin (27). This minor miscorrelation between the
phenotypic and genotypic tests was also mentioned by Moon et al. (4) and Hososaka et al. (28).
Therefore, the appropriate therapy of B-lactame resistance S. aureus infection requires more

about the knowledge of antimicrobial resistance profile.
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