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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 resistance. Therefore, it becomes essential to understand the
epidemiology of MRSA where pulsed field gel electrophoresis (PFGE) is considered to
be the gold standard for the this. Objectives: This study aimss to make genotyping for the
nosocomial strains of methicillin-resistant Staphylococcus aureus (MRSA) isolated form
General Surgery Department of Tanta University Hospitals with tracing the source of
infection as a guideline for infection control. Methodology: 159 different samples were
collected from patients and 41 from suspected sources of infection. MRSA isolates were
screened by Cefoxitin disk diffusion method then confirmed by detection of MecA gene by
PCR. Phenotyping of the isolates was done by using the antibiogram while genotyping
was done by using pulsed field gel electrophoresis (PFGE). Results: MRSA isolates were
found in 60 patients and 5 health care workers (HCWSs). Genotyping revealed 26
patterns (A - N & a - ) where type (A) was the most predominant. Isolates which had
identical genotypes had different antiograms .Each ward revealed infection with muliple
strains indicating multiple sources of infection while certain strains were found in
multiple patients and multiple wards. Genotyping revealed that 2 HCWs were the most
probable source of infection in 4 patients. Conclusions: Genotyping using PFGE is
highly significant in studying the epidemiology of MRSA. HCWSs should be seriousely
considered, not only as a source of infection, but also as a major cause for transmitting
infection between patients in different wards.

INTRODUCTION

Methicillin-resistant Staphylococcus aureus
(MRSA) is one of the major causes of healthcare-
associated infections worldwide *. MRSA infect by self
inoculation or by external contact. The risk of infection
is increased after nasal colonization and when a
disruption in the skin or mucosal membrane occurs.
Host factors, like trauma, implants, and prosthesis, and
systemic factors, such as diseases (diabetes and cystic
fibrosis) or immunosuppression (cytostoxic drugs,
HIV), constitute risks for infection 22,

MRSA isolates are resistant to virtually all beta-
lactams (except the newer anti-MRSA compounds) due
to the expression of low-affinity penicilin binding
proteins (PBPs), encoded by the mecA or mecC genes,
which can overtake the functions of the other PBPs. The
mec genes are carried by particular mobile genetic

elements, named staphylococcal cassette chromosome
(SCC) element”.

The most efficient way to prevent the spread of
MRSA is controversial. Contact isolation of MRSA
patients, hand hygiene increased surface disinfection
and topical antibiotic treatment are common measures
to reduce transmission >° . The surveillance of MRSA
clones (both from infections and colonization) is crucial
for the implementation of effective treatment protocols
and infection control measures .

Various typing techniques have been developed to
investigate the spread and evolution of MRSA. Bacterial
typing method should be highly discriminatory,
reproducible, standardized, widely available and
inexpensive. In bacterial strain typing, both phenotyping
and genotyping procedures can be used .

Phenotyping methods have practical limitations e.g.
low discriminatory power which render them largely
unsuitable for comprehensive bacterial population
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analyses”'®. Hence, over the past two decades,
phenotyping has been largely replaced by molecular
genotyping. The most commonly used techniques for
MRSA typing are PFGE, PCR, SCCmec typing and
sequence-typing including multilocus sequence typing
(MLST) and spa-typing .

Pulsed field gel electrophoresis (PFGE) used to be
the “gold standard” of MRSA typing because it can
distinguish among several concurrent epidemic strains.
PFGE analysis is very convenient and has high
discriminatory power . In PFGE for MRSA, the
chromosomal DNA is digested with the restriction
enzyme Smal, and the resulting DNA fragments are
separated by agarose gel electrophoresis.

METHODOLOGY

Subjects:

This study was conducted over a period of one and
half years starting from November, 2013 till May 2015.
It was performed on 60 MRSA isolates recovered from
(159) different samples collected from Inpatients with
nosocomial infections in General Surgery Department
of Tanta University Hospitals . Also , 5 MRSA isolates
recovered from 41 Suspected sources of infection were
included ( 21 Health care workers (HCWSs) nasal swabs
and 20 swabs from bed side tables, dressing tables,
linens, surgical dressing, surgical instruments and
equipments).

Isolation and identification of Staphylococcus aureus:
This was done according to Cheebrough®.
Antimicrobial susceptibility testing:

Detection of antimicrobial susceptibilities of the
S.aureus isolates were performed using disk diffusion
method (modified Kirby- Bauer) on Muller-Hinton agar
according to 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: Cefoxitin disk

diffusion susceptibility method according to EUCAST™,
isolates with inhibition zone to Cefoxitin less than 22
mm were considered MRSA and Detection of mecA
gene by PCR.

Chromosomal DNA extraction (RibospinTMvRDby
Geneall):

Ribospin™ vRD procedures employed the glassfiber
membrane technology for the fastest and the most
convenient of high purity DNA isolation.

Nucleic acid amplification:
PCR Master Mix 2X (Thermo Scientific):

PCR Master Mix is a 2X concentrated solution of
Tag DNA polymerase, dNTPs (deoxynucleotide
triphosphates), reaction buffer, MgCI2 and all other
components required for PCR, except DNA template
and primers.

Primer solution (Thermo Scientific):

The sequence of the primers used were:

P1:5'-GTA GAA ATG ACT GAA CGT CCG ATA A-3'
P2:5-CCA ATT CCA CAT TGT TTC GGT CTA A-3'
Amplification reaction:

A final volume of 50 pl contained:

PCR Master Mix (2X) 25 uL
Forward primer 4 uM
Reverse primer 4 uM
Template DNA 4 ug
Water, nuclease-free 13 L
Total volume 50 pL

Staphylococcus aureus subsp. Aureus  (ATCC® BAA-
1556™): USA300 FPR3757 was used as positive
control strain and water was used instead of the DNA
template for the negative control. Thermal cycler
(T?ghne) program was adjusted according to Geha et
al.

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 (Figure 1).

Fig. 1: Agarose gel electrophoresis of amplified mecA DNA by PCR.
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Genotyping for MRSA strains by Pulsed-field gel
electrophoresis (PFGE):

Chromosomal patterns of the MRSA isolates were
investigated by Pulsed-field gel electrophoresis (PFGE)
as described by Mulvey et al."’.

Procedure of PFGE:

Preparation the casting agarose plugs from staph.
cell suspension was done followed by lysis of cells.

For restriction enzyme digestion of agarose plugs,
the volume of restriction enzyme buffer (REB) required
to digest the plugs was calculated as follow:

Reagent pl/plug pl/13 plugs
Sterile water 180 2340
Tango buffer 20 260
Total volume 200 2600

200 pl of REB preparation were added to the tube
containing one-third of a plug and the tubes were
incubated at room temperature for 30 min. The REB was

removed from the tube with pipette tip, taking care not
to damage the plug slice. The restriction enzymeSmal
wasprepared and calculated as follow:

Reagent ul/plug ul/13 plugs
Sterile water 180 2340
Tango buffer 17 221

Smal 3 39
Total volume 200 2600

200 pl of the restriction enzyme and buffer
preparation were added to each tube and the tubes were
incubated at 30°C for 4 h.

Electrophoresis:

Electrophoresis was performed with a CHEF DR-II
apparatus (Bio-Rad) and stained for 20 min in a covered
container with 0.5 mg of ethidium bromide per liter,
then UV light transilluminator was used to visualize
samples (Figures 2, 3).

Fig. 2: Most frequent PFGE patterns of MRSA isolates.Lane (1) represents most frequent pattern (13 isolates), Lane
(2): 6 isolates, Lane (3,4): 4 isolates for each pattern, Lane (5,6,7,9,10,11): 3 isolates for each pattern, lane
(12,13,14,15): 2 isolates for each pattern and lane(8): Lambda ladder PF marker.

Fig. 3: Varient PFGE patterns of MRSA isolates following DNA digestion with Smal restriction enzyme.
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Computer-aided analysis: on the Dice coefficient with 1.0% band tolerance
The fingerprints generated were evaluated using and1.0% optimization.

Gel-Compar Il software version 6.5 (Applied Maths,

Sint-Martens-Latem, Belgium). DNA fragments on each RESULTS

gel were normalized using the molecular weight

standard run on each gel to allow comparisons between Table (1) shows that Staphylococcus aureus

different gels. Cluster analysis and dendrogram were represented 93 isolates (46.50%) : 50.31% out of 159

performed by the unweighted pair-group method using patients samples and 31.71% out of 41 suspected

(UPGMA), and DNA relatedness was calculated based sources of infection.

Table 1: Distribution of different bacterial growth found in different specimens from patients and suspected
sources of infections:

From patients’ From suspected Total
Bacterial growth samples sources
N % N % N %
Staphylococcus aureus 80 50.31 13 31.71 93 46.5
Coagulase negative Staphylococci (CONS) 32 20.13 0 0 32 16.0
Non Staphylococci 47 29.56 17 41.46 64 32.0
No bacterial growth 0 0 11 26.83 11 5.5
Total 159 100 41 100 200 100
Chi-square X? 95.862 20.172
P-value P1: 0.001* P2: 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 suspected sources of
infection.

Table 2 shows that among the 65 MRSA isolates, 5 isolates were recovered from suspected sources of infection
(nasal swabs from HCWs) out of 13 S.aureus (38.5%) while 60 isolates were recovered from patients' samples out of 80
S.aureus (75.0%).

Table 2: Distribution of MRSA isolates among whole s.aureus isolated from patients' samples and expected
sources of infection:

Specimen MRSA MSSA Total S.aureus P
From expected sources of N 5 8 13
infection % 385 6L5 100 PL | 0239
. N 60 20 80 -
From patients % 75 5 100 P2 0.001
Chi-square X2 7.092
q P-value 0.008*

P-value: P1: 0.239 means there is statistically insignificant difference between MRSA and MSSA in suspected sources.
P2: 0.001* means there is statistically significant increase in MRSA than MSSA in patients samples.

Table 3 shows that all tested MRSA isolates ( recovered from patients and expected sources of infection ) that were
resistant to Cefoxitin (FOX) disk were examined for detection of MecA gene by PCR and all tested isolates (100%)
were MecA positive.

Table (3): Detection of MecA gene in all MRSA isolates by PCR:

All MRSA isolates Screening by Fox disc Confirmed by MecA gene
N (%0) R (%0) S (%) +ve (%) -ve (%)
65 (100%) 65 (100%) 0 (0%) 65 (100%) 0(0%)

Table 4 shows that there were 14 different resistance patterns identified in the MRSA isolates according to
antibiotics susceptibility testing results. The most common were the first 4 types.
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Table 4: Antibiogram typing of all MRSA isolates :

Antibiogram types q Number of
Resistance pattern MRSA isolates %
1 E+DA+AK+CN+TE+CIP 15 23.08
2 E 13 20.00
3 E+AK+CN 8 12.31
4 AK+CN 6 9.23
5 AK+CN+TE 4 6.15
6 E+DA+TE 4 6.15
7 E+DA+AK+CN+TE+CIP+RD 3 4.62
8 SXT+E+DA+AK+CN+TE+CIP+RD 3 4.62
9 C+E+DA+TE+CIP 2 3.08
10 CN+TE 2 3.08
11 SXT+TE+CIP 2 3.08
12 SXT+E+CN+TE+CIP 1 1.54
13 C+EDA+AK+CN+TE+CIP+RD 1 1.54
14 E+ AK+CN+TE 1 1.54
] Total 65 100.00
. X 25.324
Chi-square |51 0.001%

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

Table (5) shows that there were 14 frequent
patterns named in capital letters from (A) to (N) and 12
variant patterns named in small letters from (a) to
(I.Pattern (A) was the most frequent pattern represented
13 identical isolates (20.00%).

Table 5: Genotyping of all MRSA isolates according
to PFGE patterns:

It was found that that the isolates which were
genotypically identical could have different antibiogram
types. Table (6) shows the distribution of different
genotypes of MRSA isolates among patients in different
wards.

Table 6: Distribution of different genotypes of

P value: 0.001* means that there is there is statistically
significant difference between different PFGE patterns with
significant increase in pattern (A).
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PFGE'I:attern No ofligolates 26%(’)0 MRSA isolates among patients in different wards:
B Z 6 '15 Ward PF genotyping pattern
C Z 6:15 male/A A B,D,E K, (c)
D 6 9.23 male/B A,C,D,H N, (d), (f), (9)
E 3 4.62 male/C A, D,F J I, M, (h), (i), (1)
F 3 4.62 female/A AD,G,F, M, K
E" g 223 female/B AD, H, (e)
| 3 160 female/C B, E, J, (a), (j), (k)
J 3 4.62
K 2 3.08
L 2 3.08 Table (7) shows antibiogram typing and genotyping
M 2 3.08 patterns by PFGE to the 5 MRSA isolates recovered
(N) i igi from the suspected sources of infection in this study.
a .
(b) 1 1.54
(©) 1 1.54
Eg; 1 igj Table 7: Antibiogram typing and genotyping of the 5
' isolates recovered from the suspected sources
® 1 154 MRSA isol d f h d
Q) 1 154 of infection:
(h) 1 1.54 PF Antibiogram
8 % igj . SEgl pattern typing
. 1 Nasal swab E 6
((II()) % igi 2 Nasal swab L 6
Total 65 1'00 3 Nasal swab L 6
Chl-square P value 0.001* 5 Nasal swab (b) 7
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DISCUSSION

In this study out of 92 isolates proved to be
S.aureus, 65 (69.89%) isolates were MRSA. This was
similar to the result of Mendes et al.®* who
demonstrated that (73%) of the clinical S. aureus
isolates from two hospitals in Korea were MRSA in
2011, but higher than that obtained by Rahima et al *°
(44.6 %) , Falagas et al®® (24%), Havaei et al ** (16%)
and Jana 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.

Detection of the mecA gene by PCR is considered
the gold standard for MRSA confirmation. The
molecular detection methods are more preferable,
favorable and accurate than the phenotypic method?*?°.

In our study, MecA gene was detected by PCR in
which (100%) of MRSA isolates were MecA positive.
Ak et al.”® found the gene in (94%) of MRSA while
Makgotlho et al.?” demonstrated it in 99% of cases. On
the other hand, Garcia-Garrote et al.”® found that five
MRSA isolates showing resistance to Cefoxitin
and mecA negative were carrying a new mecA gene
variant, mecC.

Antibiotic resistance pattern is a limited typing
method because genetically and epidemiologically
unrelated strains can show the same pattern of
sensitivity and resistance?".

Among 21 nasal swabs in our study, 13 (61.90%)
were S. aureus nasal carriers out of which 5 (38.46%)
were MRSA. On the other hand, Conceicao et al*
reported that (15.7%) were S. aureus nasal carriers with
MRSA. Potential risk factors for MRSA infections
including history of MRSA colonization or infection,
the presence of surgical wound, urinary, intravenous
catheterization, nasogastric or endotracheal tubes,
prolonged hospital stay, intensive care setting or burn
units, weakened immune system and previous intake of
antibiotics, mainly the quinolones and beta-lactams *.

Antibiogram typing of MRSA isolates in the present
study revealed 14 different resistance patterns and all of
types were resistant to Penicillin, Cefoxitin and
Oxacillin. Janwithayanuchit et al®* from Thailand
identified 9 different antibiotypes. On the other hand,
Omar et al.* reported 32 antibiotypes. These variations
could be explained by the numbers of antimicrobial
agents used.

Antibiogram type (1) was the most common
(23.08%) which was in  agreement  with
Janwithayanuchit et al** and Omar et al®, where type
(1) represented (44.2%) and (16%) respectively.

Epidemiological studies involve different typing
methods to explore the epidemiology of MRSA and
pulsed field gel electrophoresis (PFGE) has been

recommended as a ‘gold standard’ for typing MRSA
isolates because it can distinguish among several
concurrent epidemic strains®.

In the present study, genotyping of MRSA isolates
was performed by PFGE in which 14 frequent patterns
named from (A) to (N) and 12 variant patterns named
from (a) to (I) were detected .Similarly, Rajaduraipandi
et al® reported the Smal restricted genomic DNA of 19
MRSA identified 11different PFGE patterns and also
Bazzoun et al®’ reported PFGE revealed fourty-six types
. However, Carles-Nurit et al * found that the Smal
restriction pattern in each of 20 MRSA strains collected
from a single hospital over a period of 4 months was
unique.

PFGE type (A) in the present study was found to be
the most common type circulating and was observed in
13 identical isolates (20.00%) which may indicate the
endemicity of these strains in the hospital. Similarly,
Conceicao et al*? found that PFGE patterns A, B, C, and
E were found in more than three different wards and no
ward-specific clonal type was established which
suggested cross-transmission.

The detection of identical MRSA strains among
patients in different wards could indicate the
intradepartmental spread of these strains and the need of
implementation of additional infection control measures
in this hospital. The distribution of MRSA strains with
different PFGE pattern in the hospital presumably
occurred by cross-infection from patient to patient
because of increased frequency of patients transfer from
ward to ward and the extensive movement of surgeons,
physicians, and other HCWs among wards.

In agreement, regarding the correlation between
PFGE patterns and antibiogram types of MRSA isolates,
Alfizah et al*® and Norazah et al *, found that strains
with the same PFGE-pattern had different in antibiotic
resistant patterns and strains with different PFGE
patterns had similar antibiotic susceptibility pattern. In
the present study , the most frequent PFGE pattern (A)
including 13 isolates was subdivided by antibiogram
typing into 3 types

HCWs are known to be major reservoirs of S. aureus
and regarding the tracing the source of infection, this
study revealed that PF pattern (E) was isolated from the
nasal swab of a HCW and from post operative wound
swab of patient at the same ward and the same time
which may indicate the HCW was the source of the
infection. Also it was isolated from another patient after
a long period which may indicate the persistence of the
source of infection. PF pattern (F) was isolated from the
nasal swab of a HCW in January 2014 and also was
isolated from tracheal aspirate samples in October and
November 2014.

In agreement, Conceicao et al** described isolates
colonizing nurses or nurse-aids and patients in the same
wards. The World Health Organization claims that hand
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hygiene among HCWs is the leading measure to prevent
the spread of health care-associated infections .

Regarding the distribution of different genotypes of
MRSA isolates among patients in different wards,
different PF patterns were detected in each Ward in the
present study which indicated multiple  sources of
infection. Also, the detection of multiple patients
infected with the same genotype within the same ward ,
indicated that infection could be transmitted between
patients, most probably through HCWSs or dressing
tables.

On the other hand, the detection of identical MRSA
genotypes among patients in different wards within the
same unit (pattern A and D in 5 wards ) and (pattern B,
E, F, H, J and K in 2 wards), indicated the
intradepartmental spread of these strains between
different wards and the need of implementation of
additional infection control measures in this unit.

CONCLUSION

HCWs are considered the most important source of
infection through the nasal carriage of MRSA. The
detection of multiple patients infected with the same
genotype within the same ward indicates the spread of
infection between patients, while the detection of
different PF patterns in each ward indicates multiple
sources of infection. Detection of identical MRSA
genotypes among patients in different wards within the
same unit indicates the intradepartmental spread of
these strains between different wards. PFGE has high
discrimination ability that makes it the gold standard
method for the accurate epidemiologic study of MRSA.

RECOMMENDATIONS

= All HCWs should be periodically screened for nasal
carriage of MRSA.

= Implementation of strict infection control measures
by HCWs is highly recommended.

= PFGE typing method could improve greatly the
guide lines for infection control in hospitals.
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