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This study evaluated the antimicrobial efficacy of five biocides (disinfectants
and antiseptics) on multidrug resistant isolates of Staphylococcus aureus. Disinfectants
and antiseptics, used were chlorohexidine/cetrimide (savlon), povidone-iodine (betadine),
ethyl alcohol (ethanol), sodium hypochlorite (chlorax) and glutaraldehyde (cidex). Eighty-
three isolates out of 200 collected samples (41.5%) were identified as S. aureus and were
screened for their sensitivity to methicillin and oxacillin. Two isolates MRSA/ORSA and
ORSA were examined for their susceptibility to the above mentioned disinfectants and
antiseptics. The highest concentration of these disinfectants and antiseptics were the
most effective ones on both isolates. MRSA/ORSA and ORSA became more susceptible
after re-inoculation with different kinds of disinfectants and antiseptics except ethyl
alcohol which showed no effect. The combination between two disinfectants to overcome
the microbial resistance was studied. The inhibition zone of combination between two
biocides (chlorhexidine/cetrimide & povidone-iodine) increases a little more than that
with each antiseptic alone in case of double resistant isolate. The combination was less
inhibitory when chlorhexidine/cetrimide was tested with single resistant isolate, but
more inhibitory than the povidone-iodine at both higher and lower concentrations.
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During the last decades, a dramatic
increasein hospital -acquired infections caused by
multi-drug resistant microbes has taken place. As
aresult, thethreat of microbial contamination and
infection has led to the increased use of
disinfectants and antiseptics'. Antiseptics and
disinfectants are used extensively in homes,
hospitals and other health care centers to control
the growth of microbes on both living tissues and
inanimate objects. They are essential parts of
infection control practicesand aid in the prevention
of nosocomial infections?. The widespread use of
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antiseptic and disinfectant products (biocides),
as with more-frequent use of antibiotics,
contributes to the emergence and/or selection of
pathogens that are less susceptible not only to
biocides but also to antibiotics®. The frequency
and spectrum of antibiotic resistant infections have
increased, this increase has been attributed to a
combination of microbial characteristics, the
selective pressure of antimicrobial use, social and
technical changes that enhance the transmission
of resistant organisms factors (such as increased
use and misuse of antimicrobial agents), increased
use of invasive devices and procedures, a greater
number of susceptible hosts, and lapses in
infection control practices®.

Staphylococcus aureus is the causal
agent of most of staphylococcal diseases and is



1612

currently a versatile microbial pathogen that has
evolved resistance to all antibiotic classes. It is
associated with serious community-acquired and
nosocomial infections®. Itshigh level of adaptation
to hospital environments has been deeply
facilitated by the acquisition of methicillin
resistance, an evolutionary step that converted S,
aureusto methicillin-resistant S. aureus(MRSA),
one of the most common nosocomial pathogens
nowadays’. MRSA isone of the most problematic
clinically relevant pathogen and ranks as one of
the most difficult bacteriato treat in patients and
eradicatein ahospital environment’.

Relatively recently research has been
focusing on the possible development of anti-
disinfectant resistance in bacteria, analogous to
antibiotic resistance, which hasled to complicated
treatment and to increased morbidity and
mortality®. A common problem is the selection of
disinfectants and antiseptics because different
pathogens vary in their response to different
antiseptics and disinfectants®. This study was
carried out to isolate S. aureus strains resistant to
antibiotics (MRSA/ORSA) and evaluate the
efficacy of biocide agentsused in public hospitals,
to overcome the resistance of these strains of the
microbe.

MATERIALANDMETHODS

Clinical specimens

Swab sampleswere collected on mannitol
salt broth medium, from different departmentsand
indoor environments of three hospitals in Cairo,
Egypt. From departments of Intensive Care of
Neurosurgery, Chest and Cardiac Surgery and
Cardiovascular in Al-Hussein University Hospital,
Orthopedic department in Sayed Galall-University
Hospital and themedical |aboratory of Dar El-Shefa
Hospital. Two hundred sampleswereisolated from
different sources of indoor environment within
hospitals.
Phenotypic identification of Staphylococcus
aureus

Pure colonies of Gram positive, cluster-
forming, catalase positive staphylococci were used.
I solates were incubated at 37°C for 24 hours on
blood agar and then sub-cultured on Tryptic Soya
agar. Single colonies were subjected to tube
coagulase test and growth on Mannitol salt agar
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(MSA). To confirm fermentation of mannitol,
growth of yellow colonies on MSA (Oxoid,
Cambridge, UK) surrounded by yellow zones after
24 hours of incubation at 37°C indicated apositive
result. For tube coagulase tests, colonies of test
isolates were emulsified in diluted rabbit plasma
(bioMérieux, France) in atube. The tubewas kept
at 37 °C and observed for clot after 1to 4 hoursor,
if negative, next day. Only eighty-three isolates
(41.5%) out of the 200 were subjected to API Staph
system (bioMérieux, France) and identified as S.
aureus.

Antimicrobial susceptibility testing

S. aureus isolates were subjected to
phenotypic and genotypic susceptibility testing.
The phenotypic method included disc diffusion
test. The genotypic method is done for the
detection of mecA gene. The antibiotic
susceptibility of the isolates was examined using
the disk diffusion method on Mueller—Hinton agar
(MHA) according to the Clinical and Laboratory
Standards Institute guidelines't. The following
antimicrobial disks were tested; penicillin group:
penicillin (P-101g), oxacillin (OX-11g), methicillin
(ME-51ig), amoxicillin/clavulanicacid (AMC-301ig),
ampicillin/sulbactam (SAM-201g); cephal osporins
group: cefotaxime (CTX-30 ig). Antibiotic discs
were placed on MHA plates inoculated with 0.5
McFarland Standardized overnight cultures
(containing 10—108 cfu/ml); plates were then
incubated at 35°C for 18-24 h. Experiments were
doneintriplicatesand theinhibition zone diameter
(1ZD) was measured. Methicillin resistance was
confirmed by the detection of mecA gene by PCR*2,
Screening of different concentrations of
disinfectants and antiseptics

The two highly resistant isolates of S.
aureus, [oxacillin resistant (ORSA) and oxacillin
and methicillin resistant (ORSA/MRSA)] were
tested for their susceptibility to five of the current
disinfectants and antiseptics (listed in table 1).
Different concentrations were prepared using
sterile distilled water added in different volumesto
the original preparations solutions of the
disinfectants and antiseptics.

Screening for the disinfectant effect was
done by agar well diffusion method, inoculating
thedisinfectantintoaMHA plateinocul ated with
0.5 McFarland Standardized overnight cultures .
WEells of 5 mm diameter were punched in the agar
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platesand filled with 20l of each concentration of
the tested disinfectant and antiseptic. The plates
werethen incubated at 37°C for 24 h and observed
for the zones of inhibition around the wells to
identify the suitable concentration that affectsthe
S aureus resistant isolates.
Testing for changesin susceptibility

The growth around the inhibition zone
(using the higher and lower concentrations of the
disinfectants and antiseptics) for both resistant
isolates of S. aureus was again inoculated into
another MHA plate. The same higher and lower
concentrations of the tested disinfectant and
antiseptics were inoculated to the middle of the
plate and then incubated at 37°C for 24 hours and
the 1ZD was measured to show the effect of the
second run on the organism.
Effect of thecombination between antisepticsor
disinfectants

The combination of “povidone-iodine/
chlorohexidine” at both higher and lower
concentrations was inoculated into the middle of
two MHA plates (one for each concentration) with
each resistant S. aureus strain to show their
possible synergistic or antagonistic effect. Plates
were incubated at 37°C for 24 hours and the |ZD
were measured.
Statistical analysis

The recorded data were treated
statistically using the oneway analysis of variance
as described by Snedecor and Cochran®. The
means were compared by least significant
difference (LSD) using SPSS program version 8.
The results were considered significant when the
difference between the two compared data was
higher than the LSD value.

RESULTS

From the 200 bacterial isolatestested only
83isolates(41.5%) were confirmed as S aureusin
the Gram differentiation experiments, the
biochemical testsand in API20 used. Strainswere
screened for their sensitivity to methicillin and
oxacillin. A total of 25 (30.1%) isolateswereresi stant
to both oxacillin and methicillin (doubleresistance
MRSA/ORSA), while 26 (31.3%) isolates were
found to be only resistant to oxacillin (single
resistance, ORSA) and 32 (38.6%) isolates were
susceptible to methicillin and oxacillin. Two
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isolates were selected which are resistant to most
antibiotics used. The two isolates, SA1 which is
singleresistant to oxacillin (ORSA) and SA2which
is double resistant, to methicillin and oxacillin
(MRSA/ORSA) were selected to study their
susceptibility to five disinfectants and antiseptics
currently used in hospitals Table (2).

Generally, the data recorded in table (2)
indicated that Chlorohexidine/cetrimide (Savlon(
hasthe highest significant effect on the single and
double resistant S. aureus than disinfection/
antisepsis effects of the other biocides. In addition,
the highest concentrations of all groups of
disinfectants and antiseptics used were
significantly most effective on both isolates than
the lowest concentrations. The statistical analysis
revealed that most concentrations within each
group have significant difference effect on the
single and double resistant S. aureus. The
disinfection and antisepsis of the five biocides,
according to their effect on the single and double
resistant S. aureus, are divided into two groups:
the first one (ethyl alcohol) has no effect on the
two strains. The second effective group isdivided
to two subgroups the first one represents the
highest effect compound (betadine), while the
compounds of the 2" subgroup have
gpproximately similar effect ontheorganisms(Fig. 1).

Experiments carried out showed that the
isolate with single resistance (SA1) was more
resistant to sodium hypochlorite, than that with
double resistance. Statistical analysis of the data
provided significant differences between both
isolates at all concentrations. In both isolates
significant differences were detected between the
highest concentration and the next lower ones.
The higher and lower concentrations of
glutaraldehyde(2 & 0.5%) were more effectiveon
the double resistant isolate but the other
concentrations (1 & 1.5%) were more effectiveon
the single resistant isolate. Statistical significant
differences have been found between the effect of
glutaraldehydeon either SA2 or SA 1 at the different
concentrations used. Significant differenceswere
also observed in the single and double resistant
isolates between the highest concentrations and
the lower ones except with 1.5% in the case of the
single resistant isolate. The different
concentrations of ethyl alcohoal, did not affect both
isolates as shown in Table (2).
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MRSA/ORSA and ORSA isolatesbecame
more susceptible after re-inoculation with different
kinds of disinfectant and antiseptic except in case
of low concentration of sodium hypochlorite with
SA2 and glutaraldehydewith SA1 and SA2 (Table
3).. The re-inoculation with the same disinfectant
had asuccessful effect in the eradication of MRSA/
ORsA

KHEIRALLA et al.: STUDY OF DISINFECTANTS IN OVERCOMING MRSA

Anincreasein diameter wasshowninthe
inhibition zone of combination between two
disinfectants or antiseptics more than with each
antiseptic or disinfectant alone in case of double
resistant isolate (SA2). The combination between
povidone-iodine and chlorohexidine/cetrimide at
high concentrations provides a bigger inhibition
zone only on the MRSA while ORSA isolate

Table 1. The different concentrations of disinfectants and antiseptics used

Disinfection/ antisepsis

Commercia name

Original conc. Dilutions

Chlorohexiding(Ch)/cetrimide(c)  Savlon
Povidone-iodine Betadine
Ethyl Alcohol Ethanol
Sodium hypochlorite Chlorax
Glutaraldehyde Cidex

0.3% (Ch),3%(c)  0.2,0.1,0.01 %

10% 9,8,7654321%
Absolute 90,80,70,60,50%

5.25% 1.25, 0.25%

2% 15,1.0,0.5%

Table 2. Disinfection and antisepsis effects using different concentrations
of the five biocides against single and double resistant S. aureus

Zone of inhibition (mm)
Chlorohexidine/cetrimide (Savlon) concentration %

0.3 0.2 0.1 0.01
SAl 3.35 3.05 2.90 1.95
SA2 3.15 3.00 275 235
LSD (0.05) 0.08 NS 0.05 0.13
Glutaraldehyde (cidex) concentration %

2.0 15 15 05
SAl 2.00 1.95 1.80 1.20
SA2 2.10 1.80 145 1.60
LSD (0.05) 0.00 0.02 0.03 0.03
Ethyl alcohol (ethanol) concentration %

100 90 80 70 60
SAl 0.0 0.0 0.0 0.0 0.0
SA2 0.0 0.0 0.0 0.0 0.0
LSD (0.05) - - - - -
Sodium hypochlorite (chlorax) concentration %

125 025 LSD(0.05)
SAl 125 105 018
SA2 150 145 NS
LSD (0.05) 003 005 -
Povidone-lodine (Betadine) concentration

10% 9% 8% 7% 6%
SAl 18 160 145 135 125
SA2 205 200 165 150 150
LSD(0.05) 003 006 005 005 0.03

LSD (0.05)

0.25
0.14

LSD (0.05)

0.07
0.17

50 LSD (0.05)

0.0 -
0.0 -

3%

125
135
011

2%

115
125
0.12

5%

125
1.45
0.06

4%

1.20
1.40
0.03

1% LSD (0.05)

0.95 0.07
0.50 0.06
023 -

(M/0O): Methicillian & Oxacillin
(O): Oxacillin
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Table 3. Changes in susceptibility of S. aureus after re-inoculation with higher and lower
concentrations of Chlorhexidine, Povidone-iodine, sodium hypochlorite and Glutaraldehyde

Concentration

M/O resistant S. aureus

O resistant S. aureus

(1IZD mm) (1ZD mm)
1 2nd LSD 1 2nd LSD
inoculation inoculation (0.05) inoculation inoculation  (0.05)
Chlorohexidine/cetrimide
0.3% 3.15 5.25 0.30 3.35 5.60 0.24
0.01% 2.35 2.45 0.41 1.95 3.75 0.11
LSD (0.05) 0.27 0.35 - 0.04 0.62 -
Povidone-iodine
10% 2.05 4.85 0.52 1.85 5.75 0.91
1% 0.50 4.25 0.36 0.95 4.25 1.10
LSD (0.05) 0.15 0.79 - 0.04 1.85 -
Sodium hypochlorite
5.25% 3.05 5.25 0.26 4.30 6.75 0.53
0.25% 1.45 0.0 0.02 1.05 3.70 0.34
LSD (0.05) 0.06 0.04 - 0.07 0.12 -
Glutaraldehyde
2% 2.10 2.45 0.03 2.00 2.40 0.08
0.5% 1.60 0.0 0.03 1.20 0.0 0.00
LSD (0.05) 0.04 0.02 - 0.0 0.03 -
(M/O): Methicillian & Oxacillin (0): Oxacillin
Table 4. Effect of the combination between the two antiseptics (Povidone-iodine
and Chlorhexidine/cetrimide) on the two strains of S. aureus
M/O resistant Saureus O resistant S.aureus Combination
(1ZD mm) (1ZD mm)
Povidone Chlorhexidine/Combination LSD Povidone- Chlorhexidine Combination LSD LSD
-iodine  cetrimide of both (0.05) iodine  /cetrimide of both (0.05) (0.05)
Higher conc 2.05 3.15 350 006 185 3.35 3.10 0.12 0.25
Lower conc 0.50 2.35 2.40 0.08 0.9 195 1.85 0.16 0.40
LSD (0.05) 0.08 0.05 0.09 - 0.03 0.02 0.04 - -
(M/O): Methicillian & Oxacillin (0): Oxacillin
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Fig. 1. Clustering analysis technique of five disinfectants and antiseptics
according to their effect on the single and double resistant S. aureus
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showed higher resistance with an inhibition zone
which was found decreased than that of
chlorhexidine/cetrimide alone (Table 4). No
significant differencewasfound between the effect
of the combination on single and double resistant
isolates at both high and low concentrations. The
combination was|ess effective on singleresistant
strain than the effect of chlorhexidine/cetrimide
alone, but more effective than the povidone-iodine
alone at both higher and lower concentrations.

DISCUSSION

Different types of microorganisms vary
in their responses to antiseptics and disinfectants
because of their different cellular structures,
composition and physiology. Methicillin-resistant
Saphylococcus aureus (MRSA) is one of those
microorganismsof increasing concernintheream
of healthcare. MRSA isastrain of Saphylococcus
aureusthat isresistant to beta-lactam antibiotics'.
It is a multidrug—resistant S. aureus which is
responsible for many human infections that are
difficult to treat (Klein et al., 2007) hence, itisa
major cause of both nosocomial and community-
acquired infections!#?®,

Staphylococcus aureus may have
acquired resistance to some antiseptics and
disinfectants as mentioned by Russell®. It hasbeen
known for several yearsthat some antiseptics and
disinfectants are somewhat less inhibitory to S.
aureus strains that contain a plasmid carrying
genes encoding resistance to the aminoglycoside
antibiotic gentamicint’18,

Saha et al*® suggest that the antibacterial
effects of antisepticsand disinfectantsare not only
dependent on the types of antiseptics and
disinfectants but also on their concentrations. The
nature of action of disinfectants was very
encouraging as it revealed activities at varying
degrees with different concentrations against the
bacterial isolatesindicating that they can eradicate
MRSA from the environment. The goal of
disinfection is to reduce the risk of endemic and
epidemic nosocomial infectionsin patients. A great
number of disinfectants are used in the healthcare
settingswhich are sporicidal chemicalswhen used
in appropriate concentrations and are
recommended for care of patients, items and
instruments'®.
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It has become clear that some antiseptics
and disinfectants on the one hand and antibiotics
on the other have similar effects on bacteria®.
Murtough et al.? found that, rotation of
disinfectants in hospitals and elsewhere, e.g. in
the pharmaceutical and food industries, has been
advocated to prevent the devel opment of bacterial
resistance. It has been claimed that, ideally, one
disinfectant should be replaced by another having
adissimilar mechanism of action. Dueto the high
resistance of bacteria to antibiotics, the use of
disinfectants with abroad spectrum of actionis of
great importance, since the elimination of these
bacteria would prevent further spreading.

Comparing the antimicrobial efficacy of
antiseptics and disinfectants used in this study,
chlorhexidine/cetrimide (Savlon) showed better
antibacterial efficacy against MRSA than other
biocidesused inthisstudy. Such resultisexplained
by McDonnell and Russell* who illustrated that
high concentration of chlorhexidine (CHX) causes
coagulation of intracellular constituents. As a
result, the cytoplasm becomes congealed, with a
consequent reduction in leakage, so that thereisa
biphasic effect on membrane permeability. Aninitial
high rate of leakage rises as the concentration of
CHX increases, but leakage is reduced at higher
concentrations because of the coagulation of the
cytosol. This contrasts with Kéljalg et al.?2 who
found that CHX acts through the damage of the
outer cell layers and crosses the cell wall or outer
membrane, then attacksthe bacterial cytoplasm or
inner membrane causing leakage of intracellular
constituents®.

Povidone-iodine also affected both single
and doubleresistant S. aureusbut in aratelower
than CHX. According to Mycock?, MRSA strains
show a remarkable increase in tolerance (at least
5,000-fold) toiodine. Thedifferent concentrations
of ethyl acohol show no effect on the succeptibility
of single or doubleresistant S. aureus. Thisresult
can be explained in the light of thework of Klein
and Deforest® who stated that isopropy! alcohol
is considered slightly more efficacious against
bacteria than ethyl acohol which is more potent
against viruses. An opposite result was found by
Suzuki et al.?® who tested 70% alcohol against S.
aureus methicilin susceptible and resistant
(MRSA), they indicated that no viable countswere
found after 1 to 3 minutes. Although it is almost
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universally recognized as an effective agent,
Ethanol use is fraught with controversy and
conflicting findings®”. Campos et a . found that,
Ethanol is not effective against al isolates, and
64.2% of S. aureus strains are resistant to this
disinfectant. Thisresult may have occurred dueto
volatilization so that Ethanol requires time to act
efficiently on bacterial proteins denaturation.

Our results indicate that, the most
effective concentration of glutaraldehydeis2%. It
could affect both ORSA and ORSA/MRSA isolates
and as the concentration decreases its effect
decreases. Cardoso et al.?°, reported that 2%
glutaraldehyde solution is bactericidal in 1 min.
and sporicidal in 15 min. Vieiraet a.* recommend
glutaraldehyde 2% concentration as a sterilizing
solution and high-level disinfectant. Previous
studies demonstrate a strong binding of
glutaraldehyde to outer layers of organisms such
as Staphylococcus aureus 3L,

The re-inoculation with disinfectant and
antiseptics reveales a difference in the inhibition
zonediameter. The highly effectivedisinfectant in
the first cycle is also the highly effective
disinfectant in the second cycle. The increase
effective in almost all cases except at low
concentrations of sodium hypochlorite with SA2
and glutaraldehyde with SA1 and SA2, thismeans
that the organism grown around the clear zonein
the first cycle was weakened and became more
susceptible. Maraha et al.®, found after two
treatment cycles, that the rate was 91.4% and came
up to 94.2% after athird treatment cycle. Thisresult
contrasts with results obtained by McDonnell and
Russell,* who found that S. aureus as mucoid
strains, with the cells surrounded by aslime layer
which plays aprotectiverole, either asaphysical
barrier to disinfectant penetration or as a loose
layer interacting with or absorbing the biocide
molecules. The role of combination of two
disinfectants or antiseptics in enhancing or
antagonizing their effect on S. aureus (MRSA or
ORSA) istill unclear. Kampf and Kramer® stated
that eradication of MRSA/ORSA from colonized
patientsisregarded asakey element in prevention
of transmission in ahospital.

CONCLUSIONS

The increased emergence of antibiotic

1617

resistant bacteria suggests the need for heavier
reliance on disinfection practicesto preventinitial
infection. Thegoal of antisepsis and disinfection
is to reduce the risk of endemic and epidemic
nosocomial infections in patients. The results of
this study suggested that alternatives to infection
control can be considered, such as combination
between two disinfectants or antiseptics, proving
their effectivenessin disinfection. Thefindings of
this study should assist in reducing the occurrence
of nosocomial infections and, therefore, the
morbidity, mortality and socio-economic burden
caused by prolonged hospitalization.

REFERENCES

1. McDonnell, G., Russell, A.D. Antiseptics and
disinfectants: activity, action, resistance. Clin.
Microb. Rev., 1999; 12: 147-179.

2. Cozad, A., Jones, R.D. Disinfection and the
prevention of infectious disease. Am. J. Infect.
Control., 2003; 31(4):243-254.

3. Russell, A.D. Do biocides select for antibiotic
resistance? J. Pharm. Pharmacol., 2000;
52:227-233.

4, Dzidic, S., Bedekovic, V. Horizontal gene
transfer-emerging multidrug resistancein hospital
bacteria. Acta Pharmacol. Sn., 2003; 24(6): 519-
526.

5. Berger-Bachi, B. Resistance mechanisms of
Gram-positive bacteria. Int. J. Med. Microbiol.,
2002; 292(1):27-35.

6. Lowy, F.D. Staphylococcus aureus infections.
N. Engl. J. Med.,1998; 339(8):520-532.

7. Dombrowski, J.C., Winston, L. Clinical failures
of appropriately-treated methicillin-resistant
Staphylococcus aureus infections. J. Infect.,
2008; 57: 110-115.

8. Witte, W., Cuny, C., Klare, 1., Nubel, U.,
Strommenger, B., Werner, G. Emergence and
spread of antibiotic-resistant Gram-positive
bacterial pathogens. Int. J. Med. Microbiol.,
2008; 298: 365-377.

9. Russell, A.D. Activity of biocides against
mycobacteria. J. Appl. Bacteriol. Symp. Suppl.,
1996; 81: 87-101.

10.  Kateete, D.P, Kimani, C.N., Katabazi, FA.,
Okeng,A., Okee,M.S., Nanteza, A.,
Joloba,M.L., Najjuka, F.C. Identification of
Staphylococcus aureus: DNase and Mannitol
salt agar improve the efficiency of the tube
coagulasetest. Ann. Clin. Microbiol. Antimicrob.,
2010; 9: 23.

11.  Clinical and Laboratory Standards Institute

J PURE APPL MICROBIO, 8(2), APRIL 2014.



1618

12.

13.

14.

15.

16.

17.

18)

19.

20.

21.

22.

KHEIRALLA et al.: STUDY OF DISINFECTANTS IN OVERCOMING MRSA

(CLSI). Protocols for evaluating dehydrated
Mueller Hinton agar; Approved Standard-
Second Edition. CLSI document M6-A2.
Wayne, PA, USA 2006.

Saiful, J., Mastura, M., Zarizal, S., Mazurah,
M.l., Shuhaimi, M., Ali, A.M. Detection of
methicillin-resistant Staphylococcus aureus
using mecA/nuc genes and antibiotic
susceptibility proQle of Malaysian clinical
isolates., World J. Microbiol. Biotechnol ., 2006;
22:1289-1294

Snedecor, G.M., Cochran, W.G. Statistical
methods. 8th Ed. lowaUniv. press. Ames. lowa
U.S.A. 1969.

Klevens, R.M., Morrison, M.A., Joelle, N.,
Susan, P.Invasive methicillin-resistant
Staphylococcus aureus infectionsin the United
States, J. Am. Med. Assoc., 2007; 298: 1763-
1771

Mundi, K.S., LOkoye, E., Uba, B.O. Esimone,
C.0., Attama, A.A. Evaluation of the
Antibacterial Activity of Some Commercial
Disinfectants against Methicillin. Inter. J. Appl.
Sci. Eng., 2013; 1(1): 19-22.

Russell, A.D. Plasmids and bacterial resistance
tobiocides. J. Appl. Microbiol., 1997; 82: 155—
165.

Sasatsu, M., Shiral, Y., Hase, M., Noguchi, N.,
Kono, M., Behr, H., Freney, J., Arai, T. The
origin of the antiseptic resistance gene ebr in
Staphylococcus aureus. Microbios., 1995;
84(340): 161-1609.

Saha, K., Hagque, M. F., Karmaker, S., Mohanta,
M. K. Antibacterial effects of some antiseptics
and disinfectants. J. Life Earth Sci., 2009; 3-4:
19-21.

Rutala, W.A.: Disinfectant, sterilization and
waste disposal. In: Prevention and control of
nosocomial infections (Wenzel RP, ed). Williams
and Wilkins, Baltimore, 1997; 539-593.
Russell, A.D. Mechanisms of antimicrobial
action of antiseptics and disinfectants: an
increasingly important area of investigation. J.
Antimicrob. Chemother., 2002; 49: 597-599.
Murtough, S.M., Hiom, S.J., Palmer, M., Russell
A.D. Biocide rotation in the healthcare setting:
is there a case for policy implementation? J.
Hosp. Infect., 2001; 48: 1-6.

Kéljag, S., Naaber, P, Mikelsaar, M. Antibiotic
resistance as an indicator of bacterial

J PURE APPL MICROBIO, 8(2), APRIL 2014.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

chlorhexidine susceptibility. J. Hosp. Infect.,
2002; 51:106-113.

Denyer, S.P. Mechanisms of action of
antibacterial biocides., Int. Biodeterior.
Biodegrad., 1995; 36: 227-245.

Mycock, G. Methicillin/antiseptic-resistant
Staphylococcus aureus. Lancet., 1985; 2: 949—
950.

Klein, M., Deforest, A.: Principles of viral
inactivation. In: Disinfection, sterilization and
preservation (Block SS, ed). 3rd edn.
Philadelphia, Pa: Lea and Febiger. 1983; pp
422-434.

Suzuki, J., Komatsuzawa, H., Kozai, K.,
Nagasaka, N. In vitro susceptibility of
Saphylococcusaureusincluding MRSA to four
disinfectants. J. Dent. Child., 1997; 64: 260-3.
Ali, Y. Alcohols. In: Disinfection, sterilization
and preservation (Block SS, ed). Philadelphia:
Lea& Fabiger, 1991; pp 229-249.

Campos, G.B., Souza, S.G., Lob, O.T.N., Da
Silva, D.C., Sousa, D.S,, Oliveira, PS., Santos,
V.M., Amorim, A.T., Farias, S.V., Cruz,
M.P, Yatsuda, R., Marques, L.M. Isolation,
molecular characteristics and disinfection of
methicillin-resi stant Saphyl ococcus aureusfrom
ICU units in Brazil. New Microbiol., 2012;
35(2): 183-190.

Cardoso, C.L., Redmerski, R., Bittencourt, N.L.,
Kotaka, C.R. Effectiveness of different chemical
agentsin rapid decontamination of gutta-percha
cones. Braz. J. Microbiol., 2000; 3: 20-28.
Vieira, C.D., Farias, L.M., Diniz, C.G., Alvarez-
Leite, M.E., Camargo, E.R.S., Carvaho, M.A.R.
New methods in the evaluation of chemical
disinfectants used in Health Care Services. Am.
J. Infect. Control., 2005; 33: 162-169.

Power, E.G.M. Aldehydes as biocides. Prog.
Med. Chem., 1995; 34:149-201.

Maraha, B., van Halteren, J., Verzijl, J.M.,
Wintermans, R.G., Buiting, A.G. Decolonization
of methicillin-resistant Staphyl ococcus aureus
using oral vancomycin and topical mupirocin.
Clin. Microbiol. Infect., 2002; 8: 671-675.
Kampf, G., Kramer, A. Eradication of
methicillin-resistant Saphyl ococcus aureuswith
an antiseptic soap and nasal mupirocin among
colonized patients-an open uncontrolled clinical
trail. Ann. Clin. Microbiol. Antimicrob., 2004;
3:1-6.



