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Abstract Methicillin Resistant Staphylococcus aureus (MRSA) is the main reason for
severe human infections in hospital settings as well as in the community. Objective:
This study aims to detect chlorhexidine resistance of MRSA by phenotypic and
genotypic methods. Results: Fifty MRSA strains were isolated from different hospitals
of Mansoura University over a period of one year from December 2021 to November
2022.The antimicrobial susceptibility test was performed by the disk diffusion method.
The highest resistance was shown to Penicillin (100%) and Ceftazidime (100%) and the
highest susceptibility was shown to Vancomycin (72%).The minimum inhibitory
concentration (MIC) towards chlorhexidine (CHG) was determined by the two-fold
microdilution broth method. Reduced susceptibility to CHG at MIC >4 mg/L was
detected in 48% of isolates (24/50). Polymerase Chain Reaction was used to detect gac
genes (norA, gqacA/B1, gacA/B2 and smr). The most frequently detected genes were
smr in 24 isolates (100%), norA in 12 isolates (50%), and gacA/B2 in 11 isolates

(45.8%), with a low prevalence of gacA/B1 (1 isolate; 4.16%).
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Introduction

Staphylococcus aureus strains have spread
worldwide and connected with adverse patient
outcomes, longer hospital stays, a major source
of dangerous human infections (nosocomial
infections) in both community and healthcare
settings [1]. The success of S. aureus as a
human pathogen in health care is highly
associated with its multidrug resistance [2].
Starting in 1950s, S. aureus evolved resistance
to mostly all categories of antibiotics. A decade
later, this bacterium has been able to resist
methicillin because of PBP2a protein [3].

Resistance often develops from cellular
changes that decrease the accumulation of
antiseptics, including cell wall alteration such as
increasing its thickness which limits the uptake
of biocides or expression of efflux mechanisms
[4-7].

The use of biocides (including disinfectants
and antiseptics) clinically play a main role in
limiting nosocomial infections. In hospitals and

other healthcare facilities, a wide range of
biocides, including quaternary ammonium
compounds (QACs) like benzalkonium chloride
and divalent cations like chlorhexidine
digluconate, are frequently utilised [8].

The activity of multidrug efflux pumps is the
known mechanism of resistance to antibiotics
and plays a major role multi drug resistance
(MDR) phenotypes [6]. In S. aureus, various
multidrug efflux pumps have been identified
and were encoded by chromosomal genes
(norA, norB, norC, mepA, mdeA, sepA and
sdrM) and genes located on plasmids (e.g.
gacA/B, smr) [2].

Usually, reduced susceptibility to either
antibiotics or biocides can be conferred by
chromosomally encoded multidrug efflux
pumps, while the plasmid-encoded pumps can
contribute to reduced susceptibility to biocides
only [6]. The multidrug efflux pump QacA and
the closely related QacB are two examples
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which use the proton-motive force to expel a
wide range of monovalent and divalent cationic
compounds from MRSA [9] [10].

Long-term use of antiseptics containing
QACs may increase the prevalence of MRSA
isolates which harbor gac genes [11] . This
study aimed to detect the antiseptic resistance
of MRSA by phenotypic and genotypic
methods.

Material and method
Sample collection and culture conditions:

Staphylococcus  aureus  strains  were
collected from Mansoura university hospitals
and grown on Blood agar for blood and sputum
samples, Mannitol salt agar (MSA) for nasal
swab samples and CLED agar for urine samples
and incubated aerobically at 37°C overnight. S.
aureus was recognized using traditional
techniques (colony morphology, Gram stain,
catalase activity, growth on mannitol salt agar,
DNase test, and tube coagulase) [12] [9].

Identification of MRSA by Cefoxitin Disc
Diffusion Method:

The isolates were confirmed to be
methicillin resistant using a cefoxitin disc
diffusion test with a 30 pg disc. According to
the Clinical and Laboratory Standards Institute,
zone sizes were interpreted., (resistant if <
21mm) [13].

Antibiotic Susceptibility testing

The susceptibility of the isolates was
determined against 8 antibiotic discs ; including:
Penicillin, Ceftazidime, Azithromycin,
Erythromycin,  Tetracycline,  Ciprofloxacin,
Amikacin and Clindamycin; by Kirby-bauer disc
diffusion technique using Mueller-Hinton agar
[14] with the exception of vancomycin which
was detected by MIC determination using
microdilution broth method according to the
Clinical and Laboratory Standards Institute
(CLSI) [15] [9].

The antibiotic discs were purchased from
Oxoid, England.

Determination of minimum inhibitory
concentration (MIC) of the strains towards
chlorhexidine

Following the recommendations of the
Clinical and Laboratory Standards Institute
(CLSI), the MIC of the study strains for

chlorhexidine (CHG) was measured using the
microdilution broth method [15].

Detection  of  quaternary  ammonium
compounds (QACs)  resistance genes in
MRSA isolates by multiplex PCR

DNA extraction for PCR:

DNA extraction was carried out using the
modified colony direct method [16]. Briefly,
one colony on an agar plate was lightly touched
with a toothpick, mixed with 100 pl of sterile
distilled water and heated for 10 min. at 99°C.
Centrifugation was done at 30,000 g for 1
minute then 3 pl of supernatant were used as
PCR templates. The PCR reaction was
performed in a volume of 25 ul [9].

PCR amplification.

PCR was used to amplify QACs resistance
genes (gacA/B, smr, and norA) with the
primers illustrated in Table 1. The initial
denaturation step was perfomed at 96 °C for 3
min, 25 cycles of 94 °C for 20 s, 53 °C for 20 s
and 72 °C for 20 s, and the final extension step
at 72 °C for 5 min [17-19].

PCR products were analyzed by 1.5% (w/v)
agarose gels electrophoresis  (Promega).
Ethidium bromide (Promega) was added to the
agarose gel for staining bands. UV illumination
was used to visualise the bands [9].

Table 1 Primer sequences and their product
size

'd

T;:l::t 5-3(Primer sequence) 5::‘:11:;;
| AATCCCACCTACTAAAGCAG Fl .

WAl G TGCATTTATGACMTGTTTG R | O
| GCAGAAAGTGCAGAGTTCG R

e GTCCARTCATGCTG R i

i G(CAT.?;C_‘TTA; TGA‘»\%}TTATTG@ F 7
GACTACGGTTGTTAAGACTAAACCT R
word GGCGGTATATTTGGGGCACT F "
© | ACGCACCTGCGATTAAAGGA R

Results

Collection of samples and isolation of MRSA
isolates

In this study, Fifty clinical MRSA isolates
were collected from different Mansoura
University Hospitals. Each sample was cultured
on a specific medium. The isolates were
identified as S. aureus as shown in the figures (
1,2, 3, and 4).
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Fig. 1:
stained film of MRSA (100x magnification by
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Fig.4: Coagulase-positive MRSA with eaive
control

Identification of MRSA by Cefoxitin Disc
Diffusion Method:

Fifty S. aureus isolates were identified to be
methicillin- resistant using the cefoxitin disc
diffusion test. All the isolates were cefoxitin
resistant as shown in figure 5.

Fig. 5: Cefoxitin disc diffusion test of MRSA
strains by Kirby-bauer disc diffusion method.

Antibiotics susceptibility testing

Table (2) and Figure (6) illustrate the
antimicrobial susceptibility of fifty MRSA
isolates to 10 antibiotics from 9 different
antimicrobial groups. The greatest resistance
was against Penicillin (100%) and Ceftazidime
(100%) and the greatest susceptibility was

exhibited to Vancomycin  (72%) [9].
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Fig.6: Antimicrobial susceptibility test of 50 MRSA
isolates
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Table (2): Antimicrobial susceptibility test of 50 MRSA isolates

Antimicrobial classes Antibiotics Symbol Resistance (R) Intermediate (1) Susceptible (S)
No Y% No. % No %

Glycopeptides Vancomycin VA 0 0 14 28 36 72
Aminoglycosides Amikacin AK 18 36 19 38 13 26
cephalosporins Ceftazidime CAZ 50 100 0 0 0 0
Penicillins Penicillin P 50 100 0 0 0 0
Macrolides Erythromycin E 46 92 4 8 0 0
Macrolides Azithromycin AM 43 86 1 2 6 12
Tetracyclines Tetracycline TE 40 80 3 6 7 14
Fluoroquinolones Ciprofloxacin CIP 36 72 7 14 7 14
Lincosamides Clindamycin CD 25 50 16 32 9 18

Determination of minimum inhibitory 24 isolates (100%), norA in 12 isolates

concentration (MIC) of the strains towards
chlorhexidine

Reduced susceptibility to CHG at MIC >4
mg/L was found in 48% of isolates (24/50). The
prevalence of CHG MICs between the 50
MRSA isolates was summarized in Table 6.
Reduced susceptibility to CHG was most
common with MIC concentration of 16 mg/L as
shown in table 3 and figure 7.

Table 3: Distribution of CHG MICs among 50
MRSA isolates

MIC concentration (mg/L) No. (%)
MIC < 4 26 (52)

4 5 (10)

8 5 (10)

16 7 (14)

32 4 (8)

64 3(6)
Total 50 (100)

Fig. 7: Distribution of CHG MICs among 50
MRSA isolates
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Detection of quaternary ammonium compounds
(QACsS) resistance genes in MRSA isolates by
multiplex PCR

QAC:s resistance genes were found in the 24
MRSA isolates with decreased susceptibility to
chlorhexidine (CHG) at CHG MIC > 4 mg/L.
The most commonly found genes were smr in

(50%), and gacA/B2 in 11 isolates (45.8%),
with a low prevalence of gacA/Bl (1 isolate;
4.16%) [9].

The incidence of two genes together was
detected in 2 isolates (4%), including
gacA/B1+ smr in 1 isolate (4.16%) and norA+
smr in 1 isolate (4.16%); moreover, 11 isolates
(45.8%) had three genes (gacA/B2 + norA +
smr) (Table 7). It was noticed that MRSA
strains with QAC genes (gacA/B2, norA and
smr genes) have higher CHG MICs (Table 4)
and (figure8, 9).

Fig.8: Agarose gel electrophoresis of the
Multiplex PCR for the gacA / B1, gacA / B2, smr
and norA genes for 24 CHG-resistant MRSA
strains. M is the ladder DNA [9].
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Table 4: Frequency of QACs resistance genes
detected by Multiplex PCR among MRSA
isolates with MIC >4 mg/L (n = 24).

Gene No. (%)
smr 24 (100)
norA 12 (50)

gacA/B2 11 (45.8)
gacA/B1 1(4.16)
gacA/B1+ smr 1(4.16)
norA+ smr 1(4.16)
(gacA/B2 + norA + smr) 11 (45.8)
Total 24 (100)

Fig.9: Percentage of QACSs resistant genes
detected by Multiplex PCR in 24 MRSA isolates
with MIC >4 mg/L
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Discussion

gac genes, which are antiseptic resistant
genes, are so named because of their main
resistance action against QACs. In our study,
55% of the MRSA cases were female
population. This was similar to the findings of
Duza [20].

The antibiotic susceptibility test of MRSA
isolates in this study exhibited a high resistance
against Penicillin  (100%) and Ceftazidime
(100%) [9]. This consisted with the results of
AlKhazraji et al. [21]. The resistance to
Erythromycin, Azithromycin, Tetracycline, and
Ciprofloxacin were 92%, 86%, 80%, and 72%,
respectively. These findings were near the
findings of Rahimi [22].

The highest susceptibility was shown
Vancomycin (72%) followed by Amikacin
(26%) and Clindamycin (18%). This suggests
that these antibiotics may be used for treating
MRSA infections.

The antiseptic resistant genes have been
broadly dispersed, particularly in
staphylococcal species [23].

According to various geographic regions, the
frequency of these genes differs with a vast
range varying from 10% up to 80% 2*?% The
position of QACs resistant genes reported in
different MRSA clones may impact their
incidence rates, as these genes are commonly
carried on plasmids causing their quick transfer,
while in some MRSA clones, another genes
carried on the chromosome control resistance to
QAC:s [27].

In this study, a reduction in susceptibility to
chlorhexidine was detected in 48% of isolates
detected by CHG MIC > 4 mg/L.
Chlorhexidine resistance genes were found in
the 24 MRSA isolates with decreased
sensitivity to CHG. The most abundantly
observed genes were smr in 24 isolates (100%),
norA in 12 isolates (50%), and gacA/B2 in 11
isolates (45.8%), with a low prevalence of
gacA/Bl (1 isolate; 4.16%) [9].

In our study, smr was the predominant
resistance gene, like the finding of Vali et al
[26]. In contrast to our study, qacA/B was the
predominant resistance gene in previous studies
[28, 29].

Also the occurrence of gac and smr became
more frequently reported than previously [28]
[9]. Although gacA/B causes resistance to a
wider range of biocides than smr [30, 31].

When the antiseptic susceptibility to a QAC
known as acriflavine and gene distributions of
MRSA isolates were investigated in Japan in
1992, 71.4% of the MRSA showed resistance to
this antiseptic. Also, gacA/B and smr were
determined in 10.2% and 20.4 % of the isolates,
respectively. However, In 1999, gacA/B and
smr were found in 47.9% and 3%, respectively
[32].

In Europe between 1997 and 1999, gacA/B
and smr were detected at 62.6% and 6.4%,
respectively, in MRSA strains [28].

These findings strongly imply that
antiseptic-resistant genes are disseminated
rapidly in MRSA. Consequently, monitoring
MRSA that is resistant to antiseptics could
reveal crucial details about how to prevent
nosocomial infection.
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Conclusion

These findings strongly imply that antiseptic

resistant genes are disseminated rapidly in
MRSA. Consequently, monitoring MRSA that
IS resistant to antiseptics could reveal crucial
details about how to prevent nosocomial
infection.
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