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Abstract: Bacterial biofilm is a major factor in the development of multidrug-resistant phenotypes and the
progression of chronic infections, as biofilm forms robust shields around bacterial cells enabling them to escape
from antibiotic's destructive effect. One solution is multi-targeting antimicrobial natural products that combat
biofilms and re-sensitize resistant bacteria to unworkable antibiotics. Two Egyptian bee propolis samples were
collected from different regions and ethanolic extracts were prepared. Anti-staphylococcal and anti-biofilm
activities against MDR Staphylococcus aureus revealed that propolis extracts differed in their potency and
exhibited average MICs of (362 + 0.19 and 432 + 0.063ug/mL) for West-Nile and Upper-Egypt propolis
samples respectively. Propolis extracts revealed a potent inhibitory effect on staphylococcal biofilm formation
(from 49.5% to 29%) at their MICs. Both propolis extracts eradicated successfully the preformed staphylococcal
biofilm within two hours of treatment (from 97.4% to 25%). Moreover, the anti-adherence activity of both
extracts at different concentrations (1X MIC, 1/4, and 1/8 MIC) was similar (from 63.6% to 56.5%) after two
hours of exposure to propolis. The effect of combination with antibiotics was assayed by the Kirby-Bauer test
which revealed noticeable antibiotic synergistic effects that were more obvious with Upper-Egypt propolis
extract. Synergistic effects with different classes of antibiotics were expressed as a percentage with; Amikacin
(56.3%), Penicillin G (53%), Ampicillin (52%), Clindamycin (39.5%) then Ciprofloxacin (32.5%). Egyptian
propolis was proved to be a promising antibacterial, anti-biofilm, and antibiotic-saving natural product.
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1. INTRODUCTION

Staphylococcus aureus can be classified as Gram-
positive cocci that exhibits pathogenicity to humans
and causes various serious systemic infections *. It is
responsible for widespread severe clinical infections
in hospital locations; from acute bacteremia ? to
pneumonia, endocarditis, and biofilm-associated
chronic infections in prosthetic devices 3. However;
it is guilty of much severe community-acquired
infections #. The abuse of antibiotics has commanded
bacterial resistance evolution, creating a collection of
"superbugs" including Staphylococcus aureus which

depicts Methicillin resistance and is known as
MRSA. It is a mutant subtype that is resistant to beta-
lactam antibiotics, including Penicillin, Amoxicillin,
Oxacillin, and Methicillin 5. They are characterized
by a transformed penicillin-binding protein PBP2a
with nil affinity to Methicillin . MRSA is normally
categorized as hospital-acquired, healthcare-
associated, and community-initiated; besides
community-acquired  infections”®, Infections
triggered by MRSA strains, which are identified as
community-acquired, have been guilty with the
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progression of rational lethal infections and worse
clinical consequences in comparison to infections
related to healthcare-associated MRSA and
community-related MSSA strains °. In Egypt, the
major bacterial species that cause wound and surgical
site infections were Staphylococcus aureus . Now
it is accepted to find that once MRSA recorded 50—
82% among hospitalized patients **. On one
occasion, MRSA recorded deaths reached 11,000
each year 7. Methicillin-resistant strains of
Staphylococcus aureus were blamed for most global
Staphylococcus aureus bacteremia cases that have
been recorded inside intensive care units, various
infections related to prosthetic devices, and
indwelling catheters 2 incomparable to Methicillin-
sensitive Staphylococcus aureus 3 causing major
morbidity besides mortality 4  Additionally,
hospital-acquired MRSA transmission to home,
health-care, and household contacts has been
communal and happens in about 20% of house-hold
contacts . Staphylococcus aureus can produce a
multilayered biofilm which is entrenched within a
glycocalyx . A vital virulence factor is biofilm
which works as an effective shelter of bacterial
communities from environmental stress factors such
as antibiotics 6. Biofilms represent predominant
reasons for bacterial resistance progression to
antibiotics that appears in the clinically isolated
Staphylococcus aureus strains 8. The creation of
bacterial biofilms initiates the expansion of chronic
infections, as biofilms are remarkably resisting to the
destructive effect of antibiotics . As soon as
enclosed in biofilm surrounding substance, shielded
cells of bacteria become host immunity evader and
persistent to the lethal effects of many antibacterial
agents, which necessitate increasing the antibiotic
concentration required to cause bacterial death by
1000x greater 2, Normally, biofilms surround
Staphylococcus aureus cells are uncontrollable and
cause deteriorating of antimicrobial potency in
therapy, and hence trigger many recurrent infections
22, Furthermore, complex cell constellations, rooted
in extracellular polysaccharide shield, which enables
microorganism’s adherence, are the head frame of
biofilm which hinder antibiotic penetration 2,
Innovative approaches for eradication and inhibition
the early formation of biofilms will become
necessary, particularly with the fading accessibility
to new antibacterial agents. Propolis can be
encountered among the supreme effective natural
anti-biofilm products that can be obtained from
beehives & 24, Bees put on propolis in a thin layer on
the interior walls of their hive to seal off holes and
cracks to become un-penetrable 2. It is composed of
resins (50%), wax (30%), essential oils (10%), pollen
(5%), and trace elements (5%), including organic
remains, but this composition differs in consistence

with the bees plant feeding source 26. Propolis is
made by bees to protect hives by preserving them
from many microbial intrusion 27 and this can be
attributed to its enriched content with flavonoids as
key components besides other phenolic compounds,
aromatic acids, esters, aldehydes, ketones, fatty
acids, and several other compounds in trace amounts
28, Propolis consists of a diverse combination of
chemical compounds contributing to its
antimicrobial potency. The main collection of
chemical components discovered in propolis
composition is  polyphenols, together  with
flavonoids, other than various phenolic acids 2°. The
propolis chemical profile is dissimilar among
different samples at both qualitative and quantitative
level according to the region of collection 24
Regarding the method of extraction, typically,
ethanolic extraction was the furthermost convenient
method for obtaining extracts with the maximum
content of compounds that possess biological
activities . In vitro, propolis synergetic effect with
many antibacterial agents has been explored in many
studies 3% in a trial to overcome the rapidly
evolving and non-stop expiration of antibiotics
potency arise from microbial resistance. In our work,
we investigated the antibacterial, anti-biofilm
potency of propolis against MRSA clinical isolates,
along with the combined effect with different
antibiotics classes in a trial to find a solution to
overcome bacterial resistance triggered by biofilm
formation, to restore the potency of unworkable
antibiotics, and to keep the last resort of them
effective.

2. METHODS

2.1. Staphylococcus aureus Isolation from Clinical
Specimens

Clinical isolates identified as Staphylococcus aureus
were recovered from different 150 specimens; blood
culture, pus, sputum, urine, CSF, and pleural effusion
which were collected from patients hospitalized in
separate wards at Beni-Suef University hospital
(Beni-Suef City, Egypt).

All specimens were cultured on tryptone soy agar
(TSA; Oxoid, UK) and 5% sheep blood agar then
sub-cultured on mannitol salt agar plates (MSA,;
Oxoid, UK). Yellow pigmented colonies on mannitol
salt agar plates were further identified as
Staphylococcus aureus by Gram stain as gram-
positive cocci arranged in clusters, and confirmed by
biochemical tests such as catalase, tube coagulase,
and DNase tests (Oxoid, UK). Bacterial isolates were
stored at -20° C in glycerol broth until further steps.
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2.2. Detection of
Resistance to Methicillin

Staphylococcus — aureus

All isolates previously identified as Staphylococcus
aureus were further screened for Methicillin
resistance using the Cefoxitin disc diffusion method.
Fresh overnight well-isolated and pure bacterial
colonies were suspended in a sterile 0.9% saline to
achieve 0.5 McFarland visual turbidity and swapped
over Muller Hinton agar plates (MHA; Oxoid, UK).
Cefoxitin disc (30ug, Oxoid, UK) was aseptically
placed on previously loaded agar surface then
incubated overnight at 37° C for 18 hours. The zones
of inhibition were measured, and according to CLSI
guidelines 3% those < 21mm in diameter were
considered as  Methicillin-resistant  strains.
Staphylococcus aureus standard strains MSSA
ATCC 25923 and MRSA ATCC 43300 were used as
negative and positive controls, respectively.

2.3. Antimicrobial Sensitivity Testing

Staphylococcus aureus clinical isolates were
subjected to antimicrobial sensitivity testing by
Kirby Bauer disc diffusion method referring to the
CLSI guidelines *4, using the following antibiotic
discs (Oxoid, UK): Penicillin G (P, 10IU),
Ampicillin (AMP, 30ug), Clindamycin (DA, 2ug),
Ceftazidime (CTZ, 30ug), Ciprofloxacin (CIP, 5ug),
Gentamycin (CN, 10ug), Linezolid (LZD, 10pg),
and Amikacin (AK, 30ug). The diameters of
inhibition zones were measured in mm. Isolates were
sorted as susceptible, intermediate, or resistant
referring to CLSI guidelines 34,

2.4. Ethanolic Extract Preparation of Egyptian
Propolis

Two Apis mellifera propolis crude samples were
obtained from apiaries located at two different
provinces in Egypt; West-Nile (Delta, Egypt) and
Upper-Egypt (Beni-Suef, Egypt) during April 2016.
Briefly, crude samples were firstly frozen at -20°C
then crushed in a miller to bring the powder-like form
to avoid the sticky nature of propolis then weighed
10 g directly while frozen and dissolved in 100 mL
of 70% ethanol in a 1:10 (w/v) ratio. Samples were
kept in a well-stoppered opaque glass container in a
dark room with occasional shaking at 37°C for two
weeks.

The obtained extracts were filtered using gravity
filtration on a Whatmann No.4 filter (Millipore,
USA) and left overnight in dark at 4° C without
shaking then centrifuged (3900xg/10 min) to
eliminate remnant wax deposits on the bottom and
left in dark in a semi-closed glass container till
complete dryness followed by storage at 4° C %,

Both samples were extracted by the same method.
Each yield of the extraction process was expressed in
percentage. The yield percentage was calculated
following Equation:

Yield = (extract lyophilisate weight) / (crude
propolis weight) x100

2.5. Assessment of Antibacterial Potency of
Ethanolic Extract of Egyptian Propolis

Minimum inhibitory concentration was estimated by
broth micro-dilution method in a 96-well microtiter
plate 36. Staphylococcus aureus isolates (n=7) that
were multidrug-resistant (exhibited the highest
resistant profile) and two reference strains (MRSA
ATCC 43300 and MSSA ATCC 25923) were used.
Bacterial culture was grown on Muller-Hinton agar
for 24 hours at 37° C. Inoculum of two to three pure
isolated colonies was suspended in a sterile 0.9%
saline solution to achieve 0.5 McFarland visual
turbidity followed by dilution in Muller-Hinton broth
(MHB; Oxoid, UK) at a ratio of 1:100 (v/v).

A hundred microliters of ethanolic extract of propolis
were serially diluted in a bi-fold manner using MHB
medium. The bi-fold dilutions of the propolis were
prepared with final concentrations of 6250, 3125,
1562, 780, 390, 195, 97.5, and 48.75ug/mL
(considered after addition of inoculum). An aliquot
of 100uL of previously adjusted inoculum was
dispensed into the wells of columns 1-10. Microtiter
plates then were incubated for 24 hours at 37° C. The
final concentration of the cells in all wells was
approximately 5 x 105 CFU /mL. Column 11
contained 200 pL of inoculum as the positive control,
column 12 contained 200pL of the MHB broth only
as a sterility control, and MHB with the previously
mentioned propolis extract concentrations as visual
turbidity negative control to avoid existence of
turbidity to any reason other than the bacterial
growth. Ethanol as 70% concentration was included
as a solvent control to exclude any inhibitory effect
except that for the investigated extract. The assay
was performed in triplicates. Minimum inhibitory
concentration was interpreted as the lowest
concentration in which no bacterial growth is visible.

2.6. Combination Effect between Ethanolic
Extract of Propolis and Antibiotics

A concentration equal to 1/4 MIC of ethanolic extract
of propolis was considered as a sub-inhibitory
concentration. The assay was carried out on bhoth
MDR MRSA clinical isolates (n=4) and two standard
strains (MRSA ATCC 43300 and MSSA ATCC
25923) according to Kirby Bauer method.
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The evaluated antibiotics (Oxoid, UK) were as
follow, Penicillin G (P, 10I1U), Ampicillin (AMP,
30pg), Clindamycin (DA, 2ug), Cefoxitin (FOX,
30pg), Ciprofloxacin (CIP, 5ug), Gentamycin (CN,
10ug), Linezolid (LZD, 10pg) and Amikacin (AK,
30ug).

By using sterile forceps, antibiotic discs were loaded
onto both previously inoculated plain MHA agar
plates and plates supplemented with the sub-
inhibitory concentration of ethanolic extract of
propolis. Each extract was tested in a separate plate,
followed by incubation at 35° C for 18 hours. The
assay was performed in triplicates and inhibition
zones diameters (in mm) and the mean values with
standard deviations were calculated.

2.7. Biofilm Formation Capacity of MDR Isolates

Biofilm formation capability for MDR MRSA
isolates (n=7) which were previously subjected to
antibacterial assessment of ethanolic extract of
propolis and two standard strains (MRSA ATCC
43300 and MSSA ATCC 25923) was assessed using
tissue culture plate (TCP) method ¥'.

Planktonic bacterial cells and bacterial biofilm
viability were quantitatively measured using crystal
violet assay (CV) conducted by Benaducci et al. 8.
In this assay, bacterial culture was suspended in
tryptone soy broth (TSB, Oxoid, UK) supplemented
with 1% glucose and 1% sodium chloride to enhance
biofilm formation and incubated at 37° C for 24
hours.

Aliguot of 200uL of 1.0 x10%® CFU/mL bacterial
inoculum was loaded into each well of flat bottom
microtiter plate then incubated for 48 hours at 37° C.
After incubation time, the plate was emptied then
washed gently with sterile phosphate buffer solution
(PH=7.4) three times to remove non-adherent cells.
Then the plate was subjected to heat fixation at 60°C
for 1 hour to fix the adhered cells.

Following this, each well was stained with 200ul of
1% previously filtered crystal violet dye and
incubated for 15 min at 25° C. The plates were rinsed
three times with water that was previously distilled,
then air-dried at a laminar airflow cabinet for 15 min.
A volume of 200ul of a de-staining solution (33%
acetic acid) was then added and transferred to a new
plate.

The absorbance was determined at 590nm using a
microtiter plate reader (Tecan®, Sunrise). All tests
were performed independently in triplicates. Non-
biofilm producer Staphylococcus epidermidis
standard strain ATCC 12228 was utilized as the
negative control, while MSSA ATCC 25923 was
considered as the positive control.

Then tested isolates were sorted as non-producing,
weak, moderate, or strong-producing; regarding the
cut-off value (ODc). It is equal to three times the
value of the standard deviations (SD) above the mean
OD of the negative control (ODy:
ODc = (ODy)+ (3xSD of negative control)

The final OD value of a tested strain (ODr) is
expressed as the mean OD value of the strain (ODay)
reduced by ODc value as follow:

(OD+t = ODay — ODc)

After ODc value was calculated for each microtiter
plate individually, negative values obtained were
interpreted as zero, while any positive value
indicated biofilm production. Then: if ODt < ODc =
biofilm production not exist; ODc < ODt < 2x ODc
= biofilm production is weak; 2x ODc < OD < 4x
ODc = biofilm production is moderate; 4x ODc < OD
= biofilm production is strong .

2.8. Inhibition of S. aureus Biofilm Formation By
Ethanolic Propolis Extracts

To inspect the effect of propolis extracts on biofilm
formation 4%, previously determined MICs of
propolis extracts were used against MDR MRSA
isolates (n=7) and standard strains (MRSA ATCC
43300 and MSSA ATCC 25923). This concentration
was chosen to be considered in treatment and
compared with common antibiotics whose MIC
needs to be doubled several times to be effective as
anti-biofilm agents.
Bacterial inoculum containing 1x10% CFU/ml was
prepared as previously mentioned and then 100pl
was loaded into each well of the polystyrene
microtiter plate. Ethanolic propolis extract was
diluted in tryptone soy broth (TSB) to achieve 1X
MIC (considered as the final concentration after
adding to the previously adjusted bacterial
inoculum).
Aliquot of 100ul was pipetted into each well;
afterward, plates were incubated at 37° C for 24
hours. Inoculated wells without propolis treatment
were considered as the negative control.
Biofilm was measured as described previously in test
and control wells. All tests were performed
independently in triplicates. The inhibition of biofilm
was measured as a percentage *! using the calculation
formula of:

(100-{(OD590 isolate / OD590 unprocessed

control) x 100})

2.9. Egyptian Propolis Ethanolic Extracts
Eradication Potency of Preformed Biofilms of
Staphylococcus aureus

The biofilms of MDR MRSA isolates (n=7) and
standard strains (MRSA ATCC 43300 and MSSA
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ATCC 25923) were allowed firstly to be formed
within 48 hours before the addition of propolis
extract.

Propolis extracts were diluted in TSB to prepare
concentrations of 1/4 and 1/8 MIC. These low
concentrations were chosen to consider the sticky
nature of propolis when used topically for eradication
of biofilms on topical surfaces, to consider economic
burden, and to allow the diluted form to penetrate
well within biofilm matrix.

Biofilms of tested cultures were formed in
polystyrene 96-well microtiter plates ¥, as described
above. Plates were then incubated for a short time at
37° C (2 hours). Afterward, the wells were washed a
couple of times with sterile PBS to get rid of
planktonic and deceased cells.

Biofilms were exposed to C.V assay as previously
mentioned. Results were compared to bacterial
biofilms without propolis treatment that are
considered as control and the influence on the
biofilm disruption was established as a percentage 4
42 All the assays were performed in triplicates.

2.10. Adherence Inhibition Assay

Since adherence is the predisposing factor in biofilm
formation and in sticking to abiotic surfaces, so it was
valuable to test anti-adherence ability of propolis.
Anti-adhesion assays were conducted on MDR
MRSA isolates (n=7) and standard strains (MRSA
ATCC 43300 and MSSA ATCC 25923) according to
Adrido et al.*® with some modifications.

A quantity of 200uL of an overnight culture was
centrifuged and the pellets were re-suspended in TSB
supplemented with propolis extract at 1X MIC, 1/4
MIC, and 1/8 MIC and without propolis extract as the
positive control.
A quantity of 200uL of prepared culture was
inoculated into each well of a polystyrene flat-bottom
micro-plate and left to adhere for 1 hour at 25° C in
an air-flow cabinet. After incubation, non-adherent
cells and residues of media component were disposed
by emptying the media then wells were gently
washed using sterile PBS. Then wells were dried in
an airflow cabinet for 15 min.

The adherent cells were heat-fixed at 60° C for 30
min then the adhered cells count was measured using
the C.V method as mentioned firstly. Wells with
propolis alone in tryptone soy broth with was
considered as a turbidity control to ensure exclusion
of staining of any particles of propolis that may be
precipitated by the diluting broth. Results calculated
as follow %

Adherence inhibition % = [OD590 of adhered cells/
(OD590 of adhered cells+OD590 of supernatant
cells)].

3. RESULTS

3.1. Staphylococcus aureus Isolation from Clinical
Specimens

Sixty eight Staphylococcus aureus isolates were
recovered from different 150 clinical specimens
(45% positive isolation) ; blood culture (n= 36/68,
53%), pus (n=14/68, 20%), sputum (n=4/68, 6%),
urine specimens (n=8/68, 12%), CSF (n=4/68, 6%)
and pleural effusion (n=2/68, 3%) from patients who
were hospitalized in different wards at Beni-Suef
university hospital Table (1).

Twenty-three strains were isolated from the male
patients (34%) and 45 from the female patients
(66%). Patients whose ages were from 40 years old
and older (n=31/68, 45%) constituted the highest
proportion of isolated Staphylococcus aureus, while
patients who were 12 till less than 40 years old
represented 28% (n=19/68) and 21% were neonates
who ranged in age from one week to 12 months
(n=14/68). The least proportion was detected among
children from one year in age to 12 years old and
represented 6% (n=4/68).

3.2. Detection of
Resistance to Methicillin

Staphylococcus  aureus

According to susceptibility to Cefoxitin, 90% of
isolates (n= 61/68) were resistant and therefore
considered as MRSA, whereas 10% of isolates
(n=7/68) were Cefoxitin sensitive and considered as
MSSA, as seen in Table (2).

3.3. Antimicrobial Sensitivity Testing

Isolates of Staphylococcus aureus (n=68) were
screened for their sensitivity to different classes of
antibiotics using disc diffusion assay by Kirby-Bauer
method. The antibiotic sensitivity pattern of isolates
pointed at a high resistance profile as seen in Figures
1,2).

All isolates which were previously classified as
MRSA were resistant to Ampicillin and Penicillin G
(100%) followed by Ceftazidime (93%), while
resistance to both Gentamycin and Clindamycin was
almost similar (49% and 52% respectively).
Ciprofloxacin resistance ratio among MRSA reached
34 %; however, more than 8% of isolates were
resistant to Amikacin and no resistance to Linezolid
was recorded.
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Methicillin-sensitive Staphylococcus aureus
(MSSA) isolates showed Penicillin G resistance by
100%, while in the case of Ampicillin, 71% of
isolates were resistant. Clindamycin intermediate
pattern was detected in 29% of MSSA isolates and
29% showed resistance to Ceftazidime, while no
resistance was observed in the case of Ciprofloxacin,
Gentamycin, Amikacin, or Linezolid.

3.3.1L. Multi-Drug Resistance
Staphylococcus aureus Isolates (MDR)

among

Resistance to several antibiotics families was
recognized among the collection of tested MRSA
clinical isolates. Multi-Drug Resistance phenotypes
that were resistant to three different antibiotic classes
were noticed in 52% (n=32/61), whereas 35%
(n=22/61) showed resistance to four antibiotic
classes, and 8% (n=5/61) exhibited resistance to five
antibiotic classes. None of the isolates depicted
resistance to linezolid.

3.4. Ethanolic Extract Preparation of Egyptian
Propolis

Propolis extraction yielded 20% pure material from
its crude form by 70% ethanolic extraction for two
weeks.

Yield = (2 g pure matter) / (10 g crude material)
x100 = 20%

3.5. Assessment of Antibacterial Potency of
Ethanolic Extract of Egyptian Propolis

The Microdilution method was done for
investigating propolis antibacterial activity against
MDR MRSA isolates (n=7) and standard strains
(MRSA ATCC 43300 and MSSA ATCC 25923).
Prominent antibacterial activity was noticed and
MIC values ranged from 97ug/mL to 781ug/mL,
Table (3).

Mean MIC was calculated for clinical isolates with
standard deviation (362+0.19 and 432 +0.063pg/mL
for West Nile and Upper Egypt propolis ethanolic
extracts respectively). West Nile ethanolic extract of
propolis showed a lower mean MIC value, Figure (3).

3.6. Combination Effect between Ethanolic
Extract of Propolis and Antibiotics

All eight antibacterial drugs’ efficacy (FOX;
Cefoxitin, DA, Clindamycin, CN; Gentamycin, CIP;
Ciprofloxacin, LZD; Linezolid, PG; Penicillin G,
AMP; Ampicillin and AK; Amikacin) was increased
prominently when combined with propolis, Table
(S1). More potent antibacterial effect was noticed
against Staphylococcus aureus standard strains
(MRSA ATCC 43300 and MSSA ATCC 25923)
rather than MDR clinical isolates (n=4). This assay
revealed a prominent synergism between propolis
ethanolic extract and antibiotics against MDR
MRSA strains; Figures (4 and 5).

Antibiotic susceptibility pattern of MRSA clinical isolates
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Figure 1. Antibiotic susceptibility profile of MRSA clinical isolates (n=61) towards different classes’ antibiotics.
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Figure 2. Antibiotic susceptibility profile of MSSA clinical isolates (n=7) towards different classes’ antibiotics.

Table 1. Staphylococcus aureus clinical isolates number collected from each specimen from relative
individual hospital ward considering sub-classification according to methicillin resistance into MRSA and
MSSA
Specimen Ward Total MSSA Isolate MRSA Isolate
Blood Internal 6 0 6
Ped. Care 10 2 8
Neonatology 8 2 6
ICU 10 1 9
Endemic 2 0 2
Pus Surgery 8 2 6
ICU 6 0 6
Urine Urology 8 0 8
sputum ICU 4 0 4
CSF ] Neurology 4 0 4
Pleural effusion Endemic 2 0 2
Total 63 7 61

*Ped. Care is an abbreviation for pediatric care ward.
* MRSA is Methicillin resistant S. aureus and MSSA is Methicillin sensitive S. aureus.

|Cumulative minimum inhibitory concentration of propolis extracts
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Figure 3. Cumulative minimum inhibitory concentrations (MICs) of propolis extracts expressed as a percentage of tested

isolates.
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Table 2. The phenotypic Cefoxitin screening test for differentiation of S. aureus into MSSA or MRSA.

Number of tested Isolates (n= 68). Cefoxitin Sensitivity

(Diameter of inhibition zone)

MRSA S. aureus isolates (n=61) <22 mm
MSSA S. aureus isolates (n=7) >23 mm
MRSA ATCC 43300 21 mm
MSSA ATCC 25923 38 mm

* MRSA is Methicillin resistant S. aureus and MSSA is Methicillin sensitive S. aureus.

Table 3. Values of 1X, 1/4 and 1/8 Minimum inhibitory concentrations of propolis extracts against each MSSA

and MRSA S. aureus clinical isolates and standard strains.

Iéo(ljate 1X MIC- UPE-PEE Y MIC- UPE-PEE 1/8 MIC- UPE-PEE
ode.

S. aureus 17 390 pg/mL 97.5 pg/mL 48.75 pg/mL
S. aureus 65 390 pg/mL 97.5 pg/mL 48.75ug/mL
S. aureus 11 390 pg/mL 97.5 pg/mL 48.75 pug/mL
S. aureus 15 390 pg/mL 97.5 pg/mL 48.75ug/mL
S. aureus 90 195 pg/mL 48.75ug/mL 24.4 pg/mL
S. aureus 31 390 pg/mL 97.5 pg/mL 48.75 pug/mL
S. atéreus C10 390 pg/mL 97.5 pg/mL 48.75 pg/mL
MRSA

ATSCS:C 43300 390 pg/mL 97.5 pg/mL 48.75 pg/mL
MSSA

ATCC 25923 390 pg/mL 97.5 ug/mL 48.75 pg/mL
gg('j%te 1X MIC- WN-PEE Y4 MIC- WN-PEE 1/8 MIC- WN-PEE
S. aureus 17 390 pg/mL 97.5 pg/mL 48.75 pg/mL
S. aureus 65 195 pg/mL 48.75ug/mL 24.4 ug/mL
S.aureus 11 780 pg/mL 195 pg/mL 24.4pg/mL
S. aureus 15 390 pg/mL 97.5 pg/mL 48.75ug/mL
S. aureus 90 97.5 pug/mL 24.4pg/mL 12. 2 pg/mL
S. aureus 31 780 pg/mL 195 pg/mL 24.4 ng/mL
S. aureus C10 390 pg/mL 97.5 pg/mL 48.75 pg/mL
MRSA ATCC 43300 97.5 pg/mL 24.4pg/mL 12. 2 ug/mL
MSSAATCC 25923 195 pg/mL 97. 5ug/mL 48.75 pg/mL

* UP-PEE: Upper-Egypt propolis ethanolic extract.
*WN-PEE: West-Nile propolis ethanolic extract.

|Synergism% of propolis with antibioticsl

60.00%

(5636 57%

50.00%

Synergism %
8 8
8 8
% ®

8
8
R

10.00%

[s250%!

[=2

T
!

17%

0.00%
Cefoxitin Ciprofloxacin Amikacin Clindamycin Gentamycin Penicillin G A icilli Linezolid
II UP-PEE 14.50% 32.50% 56.30% 39.50%. 25.40% 53% 52.50% 21%
IDWN-PEE 39.50% 10.50% 57% 17% 20% 35% 33.50% 10.50%

Figure 4. Synergism percentage of propolis extracts with different antibiotics considering total S. aureus strains (n=6).
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3.5. Assessment of Antibacterial Potency of
Ethanolic Extract of Egyptian Propolis

The Microdilution method was done for
investigating propolis antibacterial activity against
MDR MRSA isolates (n=7) and standard strains
(MRSA ATCC 43300 and MSSA ATCC 25923).
Prominent antibacterial activity was noticed and
MIC values ranged from 97pg/mL to 781ug/mL,
Table (3).

Mean MIC was calculated for clinical isolates with
standard deviation (362+.19 and 432 +0.063ug/mL
for West Nile and Upper Egypt propolis ethanolic
extracts respectively). West Nile ethanolic extract of
propolis showed a lower mean MIC value, Figure (3).

3.7. Biofilm Formation Capacity of MDR Isolates

Seven MDR MRSA isolates which showed a high
resistant profile were assessed for biofilm formation
capability using tissue culture ELISA plate method.
According to the strength of biofilm production, they
were divided into two groups as depicted from the
ELISA plate reader (OD readings); four out of seven
isolates, as well as MRSA ATCC 43300 and MSSA
ATCC 25923, were strong in biofilm production, and
three were moderate as seen in Table (S2).

3.8. Inhibition of S. aureus Biofilm Formation by
Ethanolic Propolis Extracts

Ethanolic extract of Egyptian Propolis exerted a
noticed interference with Staphylococcus aureus
capability to form biofilms in both standard strains
(MSSA ATCC 25923 and MRSA ATCC 43300) and
clinical isolates.

Biofilm formation was inhibited from 49.5% to 25%
in the case of ethanolic extract of West Nile propolis
and from 33% to 15% by ethanolic extract of the
Upper Egypt propolis. However ethanolic extract of
West Nile propolis depicted a higher potential in the
prevention of biofilm formation than ethanolic
extract of Upper Egypt propolis as seen in Table (S3).
The percentage of inhibition of biofilm formation for
each tested Egyptian propolis extracts was calculated
using the formula:

100-{(OD590 of isolates/OD590 of the unprocessed
control) x 100}

Mean biofilm inhibition percentage for all tested
isolates with standard deviation was calculated (36%
+ 0.075 and 21% = 0.062) for ethanolic extract of
West-Nile propolis and Upper-Egypt propolis
respectively (Figure 6).

3.9. Egyptian Propolis Ethanolic Extracts
Eradication Potency of Preformed Biofilms of
Staphylococcus aureus

The effect of both propolis ethanolic extracts on
Staphylococcus aureus mature biofilms in clinical
isolates and standard strains at different
concentrations (1/4 and 1/8 MIC) was prominent and
expressed as percentage of biofilm eradication along
with OD +SD relevant values were mentioned in
Tables (S 4 and 5).

Both ethanolic extracts of propolis successfully
exhibited eradication of biofilms produced by
standard strains MRSA ATCC 43300 and MSSA
ATCC 25923 more than clinical isolates as some
biofilms were more resistant than others amongst
clinical isolates; however, two clinical isolates
biofilms were eradicated by a high percentage.
Upper Egypt propolis showed a higher potency in
biofilms disruption for both standard strains and
clinical isolates than West Nile propolis. Mean
biofilm eradication ratios for all tested isolates with
standard deviation are seen in Figure (6).

3.10. Adherence Inhibition Assay
By using the following formula;

Percentage of adherence inhibition = (OD590 of
adhered cells/ (OD590 of adhered cells + OD590 of
propolis ethanolic extract supernatant cells))

Both propolis samples showed a similar prominent
anti-adherence activity against standard strains and
clinical isolates. However, no significant difference
(p < 0.05) was noticed among the two investigated
propolis ethanolic extract samples when compared
by each other at the same concentrations. Both
propolis samples inhibited adherence (Tables S 6, 7)
in a much better manner at relevant 12XMIC values
than 1/4 or 1/8 MIC. Mean adherence inhibition ratio
for all isolates with standard deviation are shown in
Figure (6).
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Figure 5. Combination effect between propolis extract at %2 MIC and antibiotics acting on cell wall synthesis inhibition
(Cefoxitin), antibiotics function by inhibiting a type Il topoisomerase (DNA gyrase) and topoisomerase IV
(Ciprofloxacin), antibiotics acting on protein synthesis (Amikacin and Clindamycin), antibiotics acting on protein
synthesis (Gentamycin and Linezolid) and antibiotics acting on cell wall (Penicillin G and Ampicillin) against four S.
aureus clinical isolates and two standard strains MRSA ATCC 43300 and MSSA ATCC 25923.
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Figure 6. Mean inhibition percentage of all tested S. aureus biofilms when treated with each propolis extract and Collective
data showing anti-biofilm activities of propolis extract on S. aureus biofilms (biofilm formation inhibition, eradication and

anti-adherence).
4. DISCUSSION

Staphylococcus aureus now is categorized as a
frequent causative agent of hospital-associated and
device-related infections with an increased incidence
of drug resistance “°. Our study revealed a high
Methicillin resistance pattern among Staphylococcus
aureus clinical isolates (90%, n=61/68). In Egypt,
Staphylococcus aureus isolates, mainly MRSA
strains, are the major pathogens causing a wound and
surgical site infections °. In recent decades, due to
the evolution of bacterial resistance and the abuse of
antibiotics; a high resistance profile was detected
among clinical isolates. MSSA (n=7/68, 7%) and
MRSA (90%, n=61/68) isolates depicted a high
resistance pattern to the antibiotic panel; Penicillin G
resistance was similar in MSSA and MRSA isolates

(100%) which comes in agreement with Ragbetli et
al who noted a comprehensive penicillin G resistance
among isolates “6. Also, Bhatt et al reported that all
Staphylococcus aureus tested isolates were resistant
to Penicillin G and 90% of them showed a sensitive
pattern to Amikacin which is similar to our results
(92%) 4. MRSA showed a high resistance pattern to
Clindamycin (53%), however, a higher ratio (72.3%)
was recorded in a study by Kot et al 4. Gentamycin
and Ciprofloxacin resistance among MRSA was 49%
and 35% respectively, which comes in agreement
with what was recorded by Arjyal et al who
mentioned that MRSA isolates showed high
resistance patterns to Gentamicin (50%) and
Ciprofloxacin (25%) “°. In our study, 52% and 35%
of clinically isolated S. aureus were resistant to three
and four different antibiotic classes respectively,
which indicates a high level of multiple antibiotic
40
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resistance in the collection of Staphylococcus aureus
clinical isolates. However, a relatively higher ratio
was recorded in a study by Kot et al who stated that
a large number of MRSA isolates showed resistance
to Levofloxacin (83.9%), Ciprofloxacin (83%),
Erythromycin (77.7%), and Clindamycin (72.3%);
however, a lower ratio among MRSA showed
Amikacin resistance (14.2%) “¢. This finding is
higher than what reported by Ceballos et al who
mentioned that 16.7% (18/108) depicted four or more
different antibiotics families resistance
(Tetracycline, Erythromycin, Clindamycin,
Gentamycin), the authors also stated that resistance
to Linezolid was not detected 5°. However, in a
report by Abd El-Hamid et al 51; multidrug resistance
(MDR) was detected in 85.8% of hospital acquired-
MRSA. Neopane P et al mentioned that there is a
substantial association between the production of
bacterial biofilm and the antibacterial resistance %2, in
addition to Methicillin resistance 5. These findings
coincide with our results that showed an increased
biofilm formation tendency among multidrug-
resistant isolates. Propolis provides a bypass for
opening new fields to develop new natural therapies
to overcome antibiotic resistance that is especially
caused by biofilm-forming bacterial species 3 55,
From a clinical approach, the most valuable feature
of propolis is its anti-staphylococcal and anti-biofilm
activities & 2456, The potency of inhibiting bacterial
growth of standard strains MRSA ATCC 43300 and
MSSA ATCC 25923 along with clinical isolates was
prominent and this can be attributed to the unique
multi-mode of action arises from the synergism
among propolis components in comparison to single
target agents (antibiotics) that act on a specific
component in the bacterial cell and which is easy for
bacteria to evolve a strategy of resistance towards it
57, Propolis extracts showed a prominent antibacterial
activity against MDR Staphylococcus aureus isolates
with MIC values ranged from 780 pg/mL to 97.5
pg/mL. Relative results were reported by Wojtyczka
et al in their study of polish propolis on
Staphylococcus aureus clinical isolates, as authors
mentioned varying degrees of susceptibilities with
MIC ranged from 390ug/mL to 780pg/mL %8,
Samples that were collected from Europe along with
American North and South regions displayed a
similar anti-staphylococcal activity, with MIC values
from 0.125 to 0.5 mg/mL 5°. The mechanism of
propolis antimicrobial activity could be attributed to
the synergistic activity between phenolic acids and
other compounds . Three MDR isolates were
moderate biofilm producers and four were strong
which explains the high resistance profiles of these
isolates. Although biofilm presents a physical
resistance to antimicrobials, this can be reversed by
disrupting the bacterial shield 2. Thus, acting on the

early stages of biofilm formation is an interesting
strategy to control biofilm ©2. It was witnessed that
West Nile propolis had a better efficacy in hindering
biofilm formation than Upper Egypt propolis. In a
report by Dogan, propolis extracts (at 400pg/mL)
from Turkey were studied, as the author mentioned
that 22% biofilm inhibition was recorded against
MRSA isolates and Staphylococcus aureus ATCC
29213 biofilms, while 19% biofilm inhibition was
achieved when propolis samples were tested on
Staphylococcus aureus ATCC 33862 biofilm 62,
However, in our investigation, Egyptian propolis
samples successfully recorded a higher potency in
preformed  biofilm  eradication at  lower
concentrations (195pg/mL to 24.4pg/mL). In a
report by Grecka et al, only residual growth of
Staphylococcus aureus ATCC 25923 was detected in
the medium containing propolis ethanolic extract at
concentrations higher than 128pug/mL, and only
slightly lower susceptibility was observed for
Staphylococcus aureus ATCC 29213 33, However,
propolis samples investigated in our study recorded a
higher anti-biofilm potency with MSSA ATCC
25923 which was achieved by lower concentrations
(from 97.5pug/mL to 24.4pg/mL). Assessment of
anti-adherence propensity of ethanolic extracts of
propolis towards Staphylococcus aureus s
important, as the virulence of the organism was noted
to vary according to its capability to adhere to the
surface ®. El-Guendouz et al mentioned that the
adherence inhibition of MRSA strains by propolis
was strain-dependent %4, and in our study, all clinical
MRSA isolates adherence along with standard strains
were particularly affected (89.8% to 52.1%
adherence inhibition) when compared with the
control. The tendency of Staphylococcus aureus
strains to adhere was impaired when treated with 1X
MICs, 1/4 MICs, and 1/8 MICs concentrations of
Egyptian propolis ethanolic extracts. Among the
tested isolates, adherence of two clinical isolates S.17
and S.C10 biofilms was greatly inhibited by the
propolis extract (89.9% and 73.5%, respectively), but
it recorded a lower adherence inhibition potential
against S.65 isolate (46.3%). Stan et al reported that
the hindrance of biofilm production promoted by
propolis was also detected to be reliant on the
concentration used ¢, while EI-Guendouz et al noted
that Staphylococcus aureus ATCC 6538 cells when
treated with propolis extract, adherence was not
affected; conversely, the diverse MRSA strains cells
were repressed to form biofilm when treated with
same propolis sample 54, Also, ethanolic extracts of
propolis increased Staphylococcus aureus sensitivity
to lethal effects of antibiotics at concentrations equal
to ¥ MIC. The combination effect between propolis
and antibiotics in disc diffusion assay was conducted
in many studies . In particular, a strong combined
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effect was perceived in both propolis ethanolic
extracts at ¥ MICs (from 97.5pg/ml to 24.4pg/ml)
with Amikacin; however, Upper Egypt propolis
showed a higher synergy with all tested antibiotics
but West Nile propolis exceptionally exhibited a
more prominent synergetic effect with Cefoxitin.
However, some studies reported a higher propolis
concentration (up to 600ug/ml) that was required to
obtain a significant effect . Synergetic effect of
propolis ethanolic extracts with different class’s
antibiotics makes a way to investigate mechanisms
of propolis antibacterial activity observed in many
studies and also in our findings. Many reports stated
that; synergetic effect of propolis with different
antibiotic families could help in the recognition of
diverse mechanisms that propolis could act by as an
antibacterial agent. Polyphenols, which are the key
propolis components, have been proved to exert their
antibacterial action through membrane perturbations
which is joined with the influence of B-lactams on the
transpeptidation of the bacterial cell membrane and
hence could bring about the augmented antimicrobial
effect %, Protein translation inhibition (by acting on
different targets) could explains the noticeable
synergism with different antibiotics acting on protein
synthesis at different stages which also was covered
by our investigated antibiotic panel (Gentamycin,
Clindamycin, and Linezolid). Synergism of propolis
with antibiotics that interfere with bacterial protein
synthesis has been mentioned by Fernandez Junior 5°.
Fernandes and his colleagues mentioned that the
synergism of propolis ethanolic extract with drugs
that act by inhibiting protein synthesis was observed.
Additionally, RNA-polymerase inhibition by
propolis compounds was long-established by
Takaisi-Kikuni & Schilcher which supports this
conclusion . Propolis showed a good synergism
with antibiotics acting on protein syntheses like
Gentamycin, Amikacin, and linezolid 7; however,
propolis showed weak synergism with Ciprofloxacin
2, Our study showed a good synergy between
Clindamycin and propolis which comes following a
report by Boisard et al who mentioned that propolis
depicted a good synergy with Clindamycin 3.

5. CONCLUSION

Our study revealed prominent anti-staphylococcal
and anti-biofilm potency of Egyptian propolis
ethanolic extracts; however, origin of propolis
samples affects their potency as revealed in our work.
Propolis gives a choice for saving antibiotic efficacy
against MDR S. aureus to overcome rapid and
continuous bacterial resistance evolution to many
antibiotics and hence provide a chance to re-sensitize

resistant bacteria to the unworkable antibiotics and
keep the last resort of them effective.
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