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Abstract: Emergence of Methicillin Resistant Staphylococcus aureus (MRSA) represent a serious clinical and
public health problem in Egyptian hospitals. However, little data are available on the prevalence of MRSA in Egypt.
During the period between April 2014 to April 2015, the epidemiology of MRSA was studied among Patient
admitted to ENT clinic, Tanta University teaching hospital, Egypt. The incidence of MRSA was 26% where 42
MRSA isolates were recovered among 160 S. aureus isolated from patients diagnosed with otitis media. Isolation
and detection of MRSA was performed using two diverse types of media including Chromogenic MRSA agar plates
and Oxacillin Resistance Screening Agar Base (ORSAB) plates. It was observed that ORSAB medium was
relatively more accurate in detection of MRSA, where the sensitivity of ORSAB and Chromogenic MRSA agar
recorded100% and 97% respectively. One of the characteristics of MRSA is its ability to thrive in the presence of f3-
lactam antibiotics, which normally prevent bacterial growth by inhibiting synthesis of cell wall. This is due to a
resistance gene, mecA, which stops B-lactam antibiotics from inactivating transpeptidases enzymes. In the present
study, the presence of mec Agene, a biomarker gene responsible for resistance to methicillin and other pB-lactam
antibiotics, was confirmed by PCR. It was found that 38 out of 42 (90.5%) MRSA isolates harbored mecA4 gene. The
findings from this study emphasize the bad need for continuous surveillance of MRSA and to set strategies for
eradication of such "superbug' to lower mortality, hospitalization and treatment costs of this infection.
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1. Introduction Resistance to the newest antibiotics licensed to treat

Methicillin = Resistant  Staphylococcus —aureus MRSA infections, linezolid and daptomycin has
(MRSA) strains are “subspecies” of S. aureus which already emerged (Marty et al. 2006; Murthy et al.
showed a distinctive characteristic of being Methicillin 2008; Pantosti and Venditti 2009). The Delayed

resistant. Numerous phenotypic and genotypic diagnosis and treatment of MRSA infections lead to
characteristics  distinguish methicillin-susceptible S. poorer clinical outcomes. By enabling optimized
aureus (MSSA) from MRSA. MRSA usuallyare multi- management strategies, rapid diagnostic tests may
drug resistant, that show resistance not only to f- lower mortality, hospitalization, and costs (Hassoun,
lactam antibiotics but also to a wide range of antibiotic Linden, and Friedman 2017).
classes, such as fluoroquinolones, tetracyclines, The acquisition of mecA gene coding for the
macrolides, lincosamides and aminoglycosides penicillin-binding protein 2a (PBP 2a), involved in
(Livermore et al. 2008; Pantosti and Venditti 2009). bacterial cell wall synthesis is the major evidence for
Methicillin-resistant Staphylococcus aureus (MRSA) the detection of resistance to methicillin and to all -
cause several illnesses such as pneumonia, infective lactam antibiotics in S. aureus (Shopsin and Kreiswirth
endocarditis, osteomyelitis, septic arthritis and skin 2001). The mecA gene is located on a mobile
and soft tissue infections, including nasal and ear staphylococcal cassette chromosome (SCC) element
infections. Numerous risk factors contribute to the known as SCCmec, twelve different types of SCCmec
emergence of MRSA causing ear and sino-nasal (I to XII) have been defined to date, five of which (I to
infections. The major factors are widespread use of V) are globally distributed(Shore and Coleman 2013).
broadspectrum antibiotics and previous nasal surgeries The detection of methicillin resistance, however, is
(Sachithanandam 2014). complicated by the fact that itsphenotypic expression
Since two decades, vancomycin has been in many strains is heterogeneous (Melter et al. 1999).
prescribed asa magic therapy for MRSA. Nevertheless, This fact required development of more specific and
decreased susceptibility limits vancomycin usage to more sensitive laboratory techniques such as slidelatex
eradicate serious infections caused by MRSA agglutination test, various disc diffusion methods and
especially for MRSA pneumonia, due to suboptimal mecA gene detection tests based on polymerase chain
penetration of vancomycin in the alveolar lining reaction (PCR) which enhance the expression of this

fluid(Tenover and Moellering Jr. 2007; Stevens 2006).
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resistance in vitro (Odonkor, Newman, and Addo
2012).

Because of increasing incidence of MRSA in
ENT diseases and a reported year to year variations in
the incidence of MRSA and the emergence of
resistance to several antimicrobial drugs, there is a
continuous need for monitoring of this alarming
pathogen. Therefore, our study was conducted to
update relevant epidemiologic data to determine the
incidence, reveal the risk factors and rapid detection of
infection for instituting effective management of
MRSA and improve patient well-being in Egypt.

2. Materials and Methods
Sample collection

A total of 202 fresh specimens were collected
randomly from patients admitted to ENT department
of Tanta University Teaching hospitals during the
period between April 2014 to April 2015. Collection of
the clinical samples included specimens from
inpatients and outpatients. Clinical samples were
collected by physicians and nurses and they were
sputum, nose swabs or ear swabs. Handling of these
samples were performed according to guidelines for
the collection of clinical specimens (Hopkins 2016).

For each patient, a full patient questionnaire was
filled in and all recorded data were entered onto a
Microsoft EXCEL spread sheet. The designed patient
questionnaire  is  comprehensive and  covers
demographics such as age, gender, education and place
of residence as well as clinical details such as collected
sample site, diagnosis and antibiotic therapy.

Isolation and Identification of MRSA isolates

Each clinical specimen was inoculated onto
Mannitol Salt Agar (MSA) plates and after incubation
at 37°C for 24 h, Golden yellow colonies indicating S.
aureus growth were further streaked onto both
Chromogenic MRSA agar plates (CHROMagar™
MRSA) and Oxacillin Resistance Screening Agar Base
(ORSAB) agar (Oxo0id™ ORSAB) for confirmation of
MRSA.

MRSA growth was detected by intense mauve
color of produced colonies on Chromogenic MRSA
agar. Furthermore, only isolates showed intense blue
colonies on ORSAB were recorded as MRSA.
Screening of the tested MRSA isolates for mecA
gene

Polymerase Chain Reaction (PCR) technique
wasperformed to detect the presence of mecAd gene.
PCRs were run on G-Storm (GS1) Thermal Cycler.
DNA extraction procedures:

Genomic DNA of the tested MRSA isolates was
extracted by denaturation of a few colonies suspended
in sterile water at 98°C for 15 min and then
centrifuged at 13,000 rpm for 30 seconds. The

49

supernatant was used as template for amplification in
PCR(Berglund et al. 2005).
The PCR conditions used were as follows:

Initial Denaturation (at 94°C for 5 Min),35
Cycles of Denaturation (at 94°C for 1 Min), Annealing
(at 52°C for 1 Min), Extension (at 72°C for 1 Min),
Final extension (at 72°C for 5 Min), Store at 4°C(Al-
talib et al. 2009).

The primers used were:

Forward primer sequence (mecA-
F):"ACGAGTAGATGCTCAATATAA".

Reverse primer sequence (mecA-R):
"CTTAGTTCTTTAGCGATTGC".

Gel Electrophoresis: .

The PCR products were run on 1.5% agarose gel
to visualize the amplified bands. The gels were
visualized, and photographs recorded under UV using
Syngene G-BOX documentation system.

3. Results
Isolation and Identification of MRSA isolates

Out of 202 clinical specimens 160S. aureus
isolates were recovered after culture on MSA. MRSA
growth was confirmed by using two different selective
media; Chromogenic MRSA agar and Oxacillin
Resistance Screening Agar Base (ORSAB) media. Out
of 160 S. aureusisolates, 42, 41MRSA isolates (26.3%,
25.6%) were recovered using ORSAB medium and
Chromogenic MRSA agar respectively (Figure 1).
Prevalence of MRSA isolates according to sample
type, age groups or gender

The clinical information and  physical
examination of the specimens of 202 cases were
subjected for interpretation. As shown in Table (1), a
total number of 42 isolates out of160S. aureus isolates
tested positive for MRSA. The highest number of
MRSA were isolated from ear swabs (57%) followed
by sputum specimen (24%) then nasal swab (19%).

The distribution of 42 MRSA isolates recovered
in terms of out-patients and in-patients cases was
represented in Table (2). Outpatients had the highest
carriage of MRSA representing (67%) whiles in-
patients had a total of 14 isolates representing33% of
total MRSA isolates. No MRSA (0%) was detected in
nasal swabs collected from out-patients.

Regarding different age groups, the highest
incidence of MRSA (24%) was recorded from the age
group 0-10 years old followed by those of 21-30 years
old. (21%). On the other hand, the lowest incidence
(5%) was recorded in age group 61-70 years old as
shown in Table (3).

Concerning distribution of MRSA in both sexes,
the overall incidence of MRSA was found higher in
females (62%) than in males (38%).

The effect of fourrisk factors for MRSA
including immunosuppression, diabetes mellitus (DM),
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Chronic obstructive pulmonary disease (COPD), prior In the present study, detection of mecA among the
surgery was statistically determined. Analysis of risk recovered MRSA isolates was performed using PCR
factors revealed that MRSA cases associated with DM technique. The PCR electrophoregram showed distinct
(23.8%), prior surgery (21.4%), immunosuppression DNA band of mecA gene with amplicon size of 293

(19%) and COPD (11.9%). bpin 38out of 42 (90.5%) tested MRSA isolates
Screening of recovered MRSA isolates for mecA (Figure 2).
gene
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(b)
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Figure 1: "Percentage of MRSA and MSSA among recovered S. aureus isolates recovered on (a) ORSAB (b)
Chromogenic MRSA agar".
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Figure 2: "A representative electrophoregram of mecA gene amplicons. Lane M 100 bp DNA ladder. Lane P
is positive control. Lane N is negative control. Lanes F1-F22 are amplified products of tested MRSA isolates".

Table 1: Isolates of methicillin-resistant S. aureus (MRSA) from different clinical specimen.

Clinical specimen No. of S.aureus No. of MRSA % MRSA
Sputum (n=50) 31 10 24%

Ear swab (n=104) 86 24 57%
Nasal swab (n=48) 43 8 19%
Total (n=202) 160 42 100%
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Table 2: Distribution of methicillin-resistant S.
aureusisolates among outpatient and inpatient
cases.

Clinical No.  of |Outpatients |Inpatients
specimen MRSA | No. (%) No. (%)
Sputum 10 8 (80%) 2 (20%)

Ear swab |24 20 (83%) 4 (17%)
Nasal swab |8 0 (0%) 8 (100%)
Total 42 28 (67%) 14 (33%)

Table 3: Distribution of methicillin-resistant S.
aureus isolates according to different age groups.

Age Range No. of MRSA (%)*
0-10 10 (24%)

11-20 4 (10%)

21-30 9 (21%)

31-40 8 (19%)

41-50 6 (14%)

51-60 3 (7%)

61-70 2 (5%)

* Percent calculated relative to total number (42) of
MRSA isolates.

4. Discussion

Methicillin-resistant  Staphylococcus  aureus
(MRSA) has emerged as a nosocomial pathogen of
major worldwide importance. Epidemiological studies
of MRSA undoubtedly has continued to evolve since
its discovery more than three decades ago (Odonkor,
Newman, and Addo 2012). Several reports were
stablished regarding MRSA incidence and spreading
rates amongst nosocomial S. aureus isolates. Recent
studies reported an increases of prevalence of
nosocomial as well as community acquired MRSA
isolates(Goodrich et al. 2009; Espadinha et al. 2013;
Alaklobi et al. 2015).

MRSA growth was confirmed by using two
different selective media; Chromogenic MRSA agar
media (CHROMagar MRSA) and Oxacillin Resistance
Screening Agar Base (ORSAB) media. It was
observed that ORSAB medium was more accurate in
detection of MRSA. This finding was congruent with
previous studies who evaluated the specificity and
accuracy of ORSAB versus CHRO Magar MRSA, and
they reported that % Sensitivity of ORSAB and
CHROMagar MRSA was 78% and 72% respectively
and % Specificity was 93.1% in case of ORSAB and
92.1% in case of CHRO Magar MRSA (Perry et al.
2004; Cherkaoui et al. 2017). Also, out of 360 S.
aureus isolates 117, 109MRSA isolates (33%, 30%)
were recovered from various clinical specimens using
ORSAB medium and Chromogenic MRSA agar
respectively (ongoing publication).

In the present study, we investigate the incidence
of MRSA among S. aureus isolates recovered from

51

patients admitted to ENT clinic of Tanta university
teaching hospital. It was found that 26% of S. aureus
isolates were found to be resistant to methicillin.
Similar rates were reported in different studies
conducted in Egypt including Cairo (25%)(See et al.
2013) and Menoufia (23%) (Melake et al. 2014).
Comparing our findings with that obtained by other
workers in Egypt, a controversary was obvious where
a higher incidence of MRSAin Cairo (50%) (Borg et
al. 2007) and 60.5% (Morsy et al. 2017) was reported.
Similarly Abdel-maksoud et al. reported an overall
incidence rate of 76.6% in 12 hospitals in Egypt from
2005 to 2013(Abdel-maksoud et al. 2016). However,
a markedly lower incidence of MRSA was reported in
Assiut (18.9%)(Ahmed et al. 2009) and in Sohag
(4.6%) Egyptian governorate(Abu-Gharbia et al.
2015; Abouelfetouh 2017).

The isolation rate of MRSA was comparable to
that reported (21-30%) by Kesah and other researchers
in some parts of Africa (including Nigeria; Cameroon,
Kenya and Algeria) and Malta between 1996-1997
(Kesah et al. 2003). Meanwhile, reports emanating
from Middle East countries also revealed higher rates
in the incidence of MRSA: in Saudi Arabia (77.5%)
(Baddour, Abuelkheir, and Fatani 2006)and in Libya
(54-68%)(Ghenghesh et al. 2013). However, lower
rates of below 10% in North Africa (e.g. Algeria) and
Malta were reported (Azeez-Akande 2010;
Ghebremedhin et al. 2009). In Tunisia, the
prevalence of MRSA increased from 16% to 41%
between 20022007 (Mastouri et al. 2006), while in
Libya it was 31% in 2007(Buzaid et al. 2011). In
South Africa, the incidence rate decreased from 36%
in 2006 to 24% during 2007-2011 (Jansen van
Rensburg, Whitelaw, and Elisha 2012). In Botswana,
the prevalence varied from 23-44% between 2000-
2007(Wood et al. 2009; Falagas et al. 2013).

The former findings indicate that the incidence of
MRSA keeps changing every year. These variations in
results might be explained by differences in
geographical location, hygienic measures and cross
infection by the hand of the medical personnel, air and
other materials.

Staphylococcal  cassette  chromosome mec
(SCCmec) is a genomic island of unknown origin
containing  the  antibiotic  resistance gene

mecA(Katayama, Ito, and Hiramatsu 2000; Shore and
Coleman 2013). SCCmec contains additional genes
beyond mecA, including the cytolysin gene psm-mec,
which may suppress virulence in MRSA strains (Kaito
et al. 2011). Other new mecA gene homologs
including mecB and mecC were detected in other
species, mec C has also been found on the
chromosome of S. xylosus while mec B has not been
reported yet in staphylococcal species (Hiramatsu et
al. 2013). Therefore, recognition of mecA gene is the
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major evidence for the detection of MRSA isolate.
This was approved by many investigators all over the
world: including Egypt (Khairalla, Wasfi, and Ashour
2017), Europe (Deplano et al. 2014; Paterson,
Harrison, and Holmes 2014)and USA(Murakami et
al. 1991). Interestingly, mecA-positive MRSA strains
were recovered from hand and nasal specimens of the
outpatients as well as inpatients under investigations.
This might be explained by the widespread use of non-
prescription antimicrobial agents in Egypt. In the
present study, it was found that 38MRSA isolates
(90.5%) were mecA-positive. Only four MRSA
isolates were negative mecA. Similarly, Atoum et al.
reported strains of negative mecA being methicillin
resistant and positive mecA being methicillin sensitive.
These findings might be explained due to non-
functional ~mecA gene or inactive PBP2a
protein(Atoum, Akel, and Battikhi 2003). Although,
PCR based detection of MRSA is highly
recommended. The absence of mecd gene in a
considerable percentage of MRSA isolates requires
investigating the alternative genetic options related to
the resistance phenomena (Elhassan et al. 2015).

Conclusion

This study reports the epidemiology incidence
rate, and occurrence of mecA gene among MRSA
isolates associated with ENT infections in Tanta,
Egypt. Our data indicate that:

1. MRSA might be considered as one of the
important nosocomial pathogens among patients
admitted to ENT department, Tanta University
teaching hospital.

2. ORSAB mediumwas more accurate and
sensitive for rapid detection of MRSA isolates
compared to chromogenic MRSA agar.

3. Absence of mecA gene in some MRSA
isolates recommended the investigating of alternative
genetic options relate to methicillin resistance
phenomena.

4. The need for continuous surveillance of
MRSA in endemic regions to obtain a more
comprehensive  and  detailed  knowledge  of
epidemiology of MRSA is highly recommended.
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