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ABSTRACT

Background: Methicillin-resistant Staphylococcus aureus (MRSA) represents a serious
causal agent in nosocomial infections that are becoming increasingly difficult to
cure due to their emerging drug resistance. Usage of vancomycin for treatment of
serious infections caused by MRSA strains become vancomycin-resistant Staphylococcus
aureus (VRSA) in clinical settings. Therefore, it becomes essential to understand the
epidemiology of MRSA and VRSA. Objectives: This study aims to early detection of
MRSA and VRSA infections either phenotypic or genotypic consider a guideline step of
infection control strategy in outbreak prevention, Screen the magnitude of multidrug
resistant S. aureus infections in Aswan university hospitals and to determine possibilities
for future antibiotic treatment. Methodology: 182 different samples were collected from
patients and 74 from environmental sources of infection. MRSA isolates were screened
by ORSAB media, Oxacillin and Cefoxitin disk diffusion method then confirmed by
detection of MecA gene by PCR, VRSA isolates were screened by Vancomycin disk
diffusion method then confirmed by detection of VanA and VanB genes by PCR. Results:
MRSA isolates were identified in 22 patients and 4 environmental sources of infection.
None of them were VRSA .Each ward revealed infection with multiple strains indicating
multiple sources of infection while certain strains were found multiple patients and
multiple wards. Conclusions: Studying the epidemiology of MRSA and VRSA is very
important. Suspected sources of infection including HCWs should be seriously
considered, not only as a source of infection, but also as a major cause for transmitting
infection between patients in different wards.

INTRODUCTION

Antimicrobial resistance (AMR) is an imperative
open wellbeing concern shared by created and creating
nations. The burden of irresistible illnesses is heavier
and compounding in creating nations compared to
created nations due to constrained get to, inaccessibility
and unaffordability of antimicrobials required for
treating bacterial diseases caused by AMR living
beings™.

The development of AMR was regularly considered as
an issue predominantly concerning hospitals and care
facilities, however in the recent years resistant bacteria
have been seen to spread in the wider community as
well, leading to an increase in both the population at
risk and the number of resistant infections®>. AMR could
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be a worldwide instead of a nearby issue, as AMR can
spread between nations or landmasses®.

A WHO first worldwide report on anti-microbial
resistance distributed in 2014 famous that, within the
African locale, there exists a major crevice in observing
and following anti-microbial  resistance,  with
information assembled in as it were constrained number
of nations over the landmass”.

In expansion, there's agreement that the development
of AMR too undermines life sparing restorative
innovations such as organ transplants where results are
subordinate on avoidance of surgical location
contaminations®.

High antimicrobial use in suspected COVID-19
cases, we have yet to discover the impact of COVID-19
on global AMR rates®.
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Staphylococcus aureus (S. aureus) diseases are
around the world in dissemination and their rate is tall
particularly in low-resource nations where wellbeing
cleanliness is regularly compromised’.

S. aureus is one of the critical causes of bacterial
diseases in clinics and community settings. It can cause
a wide run of contaminations shifting from gentle
contaminations such as furuncles to life threatening
contaminations such as pneumonia and serious sepsis®.

MRSA is presently mindful for diseases with
significant horribleness and mortality and has created
resistance to numerous antimicrobial operators
complicating the clinical treatment of diseases. Fast and
exact discovery of methicillin safe strains in
staphylococci is exceptionally basic in arrange to select
suitable treatment, to avoid pointless utilize of
glycopeptides antimicrobials and to require essential
measures for contamination control®
The frequency of healthcare related contaminations
caused by MRSA proceeds to extend around the world.
Contaminations caused by MRSA strains are related
with longer healing center remain, delayed anti-
microbial organization, and higher costs than diseases
caused by methicillin sensitive S. aureus (MSSA)
strains™.

Since the rise of vancomycin resistance in
enterococci in 1988 and in vitro shows that its resistance
qualities (Van A and Van B) are transmissible to other
bacterial species counting S.aureus. The danger of
vancomycin resistance in S. aureus has been of
extraordinary concern and a risk to public health ™.

The foremost proficient way to avoid the spread of
MRSA is questionable. Contact segregation of MRSA
patients, hand cleanliness expanded surface cleansing
and topical anti-microbial treatments are common
measures to diminish transmission'2. In spite of the fact
that there's a considerable advance within the
understanding  of  vancomycin  resistance  in
staphylococci, more inquire about ought to be done to
discover the perfect treatment and control of multi
medicate safe VRSA contaminations. 3.

Screening for MRSA has the particular reason of
identifying colonization in patients and in flare-up
circumstances, in therapeutic faculty who have
coordinate contact with colonized or tainted patients™.
The reconnaissance of MRSA  (both  from
contaminations and colonization) is pivotal for the
usage of viable treatment conventions and
contamination control measures™.

The aim of the present work is to detect MRSA and
VRSA infections either phenotypic or genotypic as a
guideline step of infection control strategy in outbreak
prevention and screen the magnitude of multidrug
resistant S. aureus infections.
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METHODOLOGY
Subjects:

This study was carried out on 256 samples obtained
either from patients admitted to Aswan University
Hospitals or from suspected sources of infection. There
was 22 MRSA isolates recovered from (182) different
samples collected from inpatients with nosocomial
infections in different departments and units, the
majority of samples were from General Surgery
Department of Aswan University Hospitals. Also, 4
MRSA isolates were recovered from 74 environmental
sources of infection; these were 18 Health care workers
(HCWSs) nasal swabs, 14 Hands and nails swabs, 10
HCWs Mobile phones swabs, 10 swabs from Mobile
phones of patients and 22 swabs from bed side tables,
dressing tables, linens, surgical dressing, surgical
instruments and equipments.

Isolation and identification of Staphylococcus aureus:

Based on primary isolation of different specimens on
mannitol salt, blood and nutrient agar, isolates were
identified by standard methods. Identification of S.
aureus done by morphological character and
biochemical reactions including Gram stain , catalase
testlaand both slide and tube coagulase tests, DNase
test™.

Antimicrobial susceptibility testing:

The antimicrobial susceptibilities of S.aureus
isolates were determined using the disk diffusion
method (modified Kirby-Bauer) on Muller-Hinton agar,
as recommended by The European Committee on
Antimicrobial Susceptibility Testing®".

Identification of Methicillin Resistant Staph aureus
(MRSA):

Methicillin Resistant Staph aureus (MRSA) isolates
were screened and confirmed by: ORSAB, Oxacillin
and Cefoxitin disks diffusion susceptibility method
according to the Clinical and Laboratory Standards
Institute standard guidelines®’.

Detection of susceptibility of the Staph aureus
isolates to vancomycin:

Vancomycin-resistant Staph aureus (VRSA) isolates
were screened and confirmed by using the Vancomycin
disc diffusion method in accordance with clinical and
laboratory standard institute guidelines'’. The antibiotic
disk used was vancomycin (30pg) from Sigma, USA.
Molecular study for detection of vancomycin
resistance genes (VanA and VanB) using PCR:

DNA extraction:
— DNA extraction kit (Jena Bioscience; Germany).
— PCR Master Mix 2x (Thermo Scientific):

PCR Master Mix is a concentrated 2X solution
containing Tag DNase, dNTPs (deoxynucleotide
triphosphates), reaction buffer, MgCI2, and all other
PCR components except the DNA template and primers.
Primer solution (Thermo Scientific): The sequences of
the primers used were in Table 1.
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Table 1: The primers used for detection of MRSA and VRSA

Target Sequence (5' -3') Amplicon size (bps) References
mecA (F) AAA ATC GAT GGT AAAGGT TGG C 533 [9].
mecA (R) AGT TCT GCAGTACCGGATTTGC
vanA (F) CATGAATAGAATAAAAGTTGCAATA 1032 [18].
vanA (R) CCCCTTTAACGCTAATACGACGATCAA
vanB (F) ACGGAATGGGAAGCCGA 647 [19].
vanB (R) TGCACCCGATTTCGTTC

PCR conditions for mecA, vanA and vanB genes:
Suppl. table 1.

Preparation of PCR mix: Taq green PCR Master
Mix (2x) was gently and briefly vortexed after thawing.
Thin walled PCR tube was placed on ice and the
following components were added for each 50 pl
reaction. Amplification reaction: Suppl. table 2
Equipment:

Thermal cycler (Biometra, Germany)
Gel electrophoresis Reagents:

— Agarose powder (Fermentas, Germany).

— Ethidium bromide dye (Sigma, USA): 10 mg/ml
water stock solution maintained at room
temperature in aluminum foil-wrapped vials.

— The electrophoresis buffer is Tris Borate EDTA
(TBE).

— Fermentas (Germany) DNA molecular weight
(MW) marker (100-1300 bp).

— PCR products were electrophoresed on a 1.5%
Agarose gel and visualized using ethidium bromide
under ultraviolet light.

— The electrophoresis chamber's agarose gel was
coated with 1x Tris borate buffer.

— The first well of the gel was loaded with a
molecular weight marker (a 100 base pair DNA
ladder).

— PCR product of each sample, positive and negative
controls were mixed with loading buffer and loaded
to wells of the gel separately.

— The gel runs at 100 volts for 10min then 80 volts
for 25 min.

— The position of the PCR bands was compared with
marker: mecA gene band at (533 bp), vanA gene
band at (1032 bp) and vanB gene band at (647 bp).

— Thermal cycler (Applied Biosystem; Model: vertiti)
program was adjusted.

— Agarose gel electrophoresis of the amplified DNA
was done and ethidium bromide stained bands in
gel were visualized on long wave length ultraviolet
transilluminator, and photographed.

Statistical Analysis:

The acquired data were tabulated and analyzed by
computer with the "Statistical Package for the Social
Sciences™ (SPSS) version 16. Data analysis was carried
out using descriptive statistics such as frequency, mean,
and standard deviation. To determine the relationships
between the research variables, appropriate statistical
tests of significance were utilized. Chi square and
correlations were used to compare differences in
frequency distributions across groups. It was considered
significant when the p-value was less than 0.05, and it
was used to determine the importance of relationships,
associations, and interactions between variables.

RESULTS

The distribution of Staphylococcus aureus as shown
in Table (2) was 88 isolates (34.3%) from 182 total
isolates: 74 (40.6%) out of 182 patient's samples and 14
(18.9%) out of 74 suspected sources of infection.

Table 2: Distribution of S. aureus found in different specimens

. From patient samples From environmental Total
Bacterial growth sources
No % No % No %
Staphylococcus aureus 74 40.6 14 18.9 88 34.3
Coagulase negative staphylococci 39 21.4 4 5.4 43 16.8
Non staphylococci 69 37.9 32 43.2 101 39.4
No bacterial growth 0 0 24 324 24 9.3
Total 182 100 74 100 256 100
Chi-square X2 88.643 22.365
p- value P1:0.001* P1:0.001*

P-value: P1: 0.001* means there is statistically significant difference between types of bacterial growth isolated from
patients samples with significant increase in S.aureus.
P2: 0.001* means there is statistically significant difference between types of bacterial growth isolated from
environmental sources of infection.
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Table 3 and Figure 1 show the distribution of MRSA isolates among whole S.aureus isolated from patients' samples
and environmental sources of infection.

Table 3: Distribution of MRSA isolates among whole S.aureus isolated

Specimen MRSA MSSA Total S.aureus P
From environmental sources | No. 4 10 14 P1 0.312
of infection % 28.6 71.4 15.9
From patients No. 22 52 74 P2 0.001*
% 29.7 70.3 84.1
Chi-square X2 7.071
P-value 0.006*

P-value: P1: 0.312 means there is statistically insignificant difference between MRSA and MSSA in environmental
sources.
P2: 0.001* means there is statistically significant increase in MRSA than MSSA in patients samples.

Antibiogram typing of all MRSA isolates showed the 10 different resistance patterns identified in the MRSA
isolates according to antibiotics susceptibility testing results. The most common were the first 3 types.

Table 4: Antibiogram typing of all MRSA isolates:

- . No. of
Antibiogram types Resistance pattern MRSA isolates %
1 SXT+TE+CIP 7 26.92
2 SXT+E+DA+AK+CN+TE+CIP+R 5 19.32
3 CN+TE 4 15.38
4 AK+CN 2 7.69
5 AK+CN+TE 2 7.69
6 E+AK+CN 2 7.69
7 E 1 3.84
8 E+ AK+CN+TE 1 3.84
9 E+DA+TE 1 3.84
10 C+E+DA+TE+CIP 1 3.84
Total 26 100.00
Chi-square | 2 21.167
P value 0.001*

Septrin (SXT) 25mcg/disc, Ciprofloxacin (CIP) 5 mcg/disc, Tetracycline (TE) 10 mcg/disc, Erythromycin (E) 15
mcg/disc, Amikacin (AK) 30 mcg/disc, Chloramphenicol (C) 30 mcg/disc, Gentamicin (CN) 10 mcg/disc, Rifampicin
(R) 5 meg/disc, Clindamycin (DA) 2 mcg/disc.

P value: 0.001* means that there is there is statistically significant difference between different antibiogram types with
significant increase in typel&2.

Genotypic detection of MRSA and VRSA by PCR: All S. aureus isolates (88) were analyzed by PCR to detect
mecA, vanA and vanB genes. Twenty six S. aureus isolates had mecA gene and none of them had van A and van B as
shown in table 5, Figure 2 and Suppl. table 3, Suppl. Figure 1, 2.

Table 5: Detection of all MRSA isolates phenotypically and compared genotypically by detection of MecA gene
by PCR:

Oxacillin disc diffusion Cefoxitin disc diffusion ORSAB Confirmed by
method method MecA gene
R S R S +ve -ve +ve -ve
N (%) N(%0) N (%) N(%0) N (%) N(%) N (%) N(%)
25(96.1%) 63(3.9%) 26(100%) 62(0%) 26(100%) 62(100%) 26(100%) 62(100%)
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Fig. 1: Prevalence of MRSA in different specimens from patients and environmental sources of infections

Fig. 2: Gel electrophoresis of PCR amplification for m@Agene in S. aureus isolates (533 bp): Lane 1:marker (100bp)
- Lane 3 and 4: positive cases - Lane 5 and 6: negative case- Lane 2: negative control.

DISCUSSION

Antimicrobial resistance develops as a result of
spontaneous genetic alterations®. However, abuse of
antibiotics in medicine, agriculture, and the food sector
(meat production) hastens these genetic modifications®.
It has the potential to spread among humans as well as
from animals. Antimicrobial resistance presently
accounts for approximately 7 million fatalities per year,
and it is estimated to reach around 10 million deaths by
2050, with an associated cost of about 100 trillion USD
globally®.

In this study 88 (34.3%) isolates proved to be
S.aureus of all 256 samples which were 74 (40.6%) out
of 182 patients samples and 14 (18.9%) out of 74
suspected sources of infection.

In the present study, the rate of S. aureus isolation
from different specimens from patients , the highest rate
was from Postoperative wound Swab  (37.8%),
followed by endotracheal (17.6%) and Bronco alveolar
lavage (BAL) (14.9 %) while the lowest rate of
isolation was from sputum (6.8%) blood (9.5%) and
urine (13.5%) with statistically significant difference.
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Comparable results were reported by Reza Sharif et
al® who found that 75.9% of S. aureus were from
blood, 18.9% were from urine and 5.2% were from
respiratory tract samples. Regarding MRSA, they found
that 75.9% of the isolates were from blood, 18.9% were
from urine, 51.7% were from respiratory tract. While
Elrefahi et al?® found that the highest rate was from
drains (33.1%) followed by wound (22.76%), urine
(13.7%), sputum (13.7%), blood (6.8%), and ascetic
fluid (6.8%) and endotracheal tubes (6.8%), Kosowska-
Shick et al** found that S. aureus was frequently isolated
from wound (60%), sputum (20.7%), blood (9.7%) and
ascetic fluid (2.4%).

Concerning hospital acquired MRSA percentage in
our study 26 (29.7 %) isolates were MRSA, This was
similar to the result of Falagas et al®® (24%), and were
close to Hurley et al*® found that (65.7%) of hospital
patients had MSSA bacteremia and (34.3%) had MRSA
bacteremia. These results agree with the present results.
In reverse the study of Borg et al*’ which found that
more than (50%) of the S. aureus blood cultures isolates
were MRSA. Also Thati et al®® found that (79.61%) of
S. aureus, were identified as MRSA, Dubey et at®
reported (81.73%) of S. aureus isolates were MRSA and
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also lower than that obtained by and Mendes et al** who

demonstrated that (73%) of the clinical S. aureus
isolates from two hospitals in Korea were MRSA and.,
but higher than Havaei et al** (16%) and Patil SS et al*?
(18%). Silveira et al*®* Reported that several European
countries have national surveillance data with very low
rates of MRSA. These low prevalence rates in their
studies may be probably due to proper hand hygiene,
antibiotic stewardship and surveillance programs.

The gold standard for MRSA confirmation is the
detection of the mecA gene using PCR. The molecular
detection methods are more desirable, advantageous,
and accurate than the phenotypic method®®.

The Cefoxitin disc diffusion test for MRSA
detection was assessed in the current investigation. All
26 MRSA isolates were Cefoxitin resistant, with 100%
sensitivity and specificity. Similar outcomes with 100%
sensitivity and specificity for the Cefoxitin disc
diffusion test were reported by Velasco et al** and
Anand et al®*. The findings, however, only partially
concur with the research of Broekema® who reported
97.3% sensitivity, and Taha®® who reported 94.4%
sensitivity.

This study revealed that MRSA was (96.2%) by
Oxacillin disc diffusion (25 of 26). Lower results were
mentioned by Pillai et al** who reported MRSA in
(45.45%) by Oxacillin screen agar and (37.3%) by
Oxacillin disc diffusion. They also added that the
Oxacillin disc diffusion test, which was used routinely
earlier, is showing low specificity (56%).Also, Jain et
al®* discovered that 75.26% of S.aureus isolates were
MRSA. The sensitivity and specificity of the Oxacillin
disc diffusion technique were 100% and 58.33 percent,
respectively. While, Becker et al* used ORSAB to
detect MRSA, 102 out of 104 MRSA-positive clinical
specimens (98%) were correctly identified and this
matched with the current work.

CONCLUSION

HCWs are considered the most important source of
infection through the nasal carriage of MRSA.
Detection of MRSA among patients in different wards
within the same unit indicates the intradepartmental
spread of these strains between different wards. The
implementation of rapid diagnostic techniques in
clinical microbiology laboratories to aid the choice of
drug therapy is another emerging facet of antimicrobial
stewardship. Moreover, AMR was associated in
different studies with an increased risk of longer
hospitalization and mortality. The clinical and economic
burdens of AMR are huge and call for antibiotic
stewardship programs to be taken and for increasing
global surveillance networks. Early detect of MRSA and
VRSA infections as a Guideline Step of Infection
Control Strategy in Outbreak prevention. Investigation
of the susceptibility patterns and the spread of antibiotic

resistance among S. aureus hospital associated isolates
are very important to determine possibilities for future
antibiotic treatment.
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