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Abstract

Escalating use of antibiotics has led to the development of microbial resistance, exemplified by the emergence of
methicillin-resistant Staphylococcus aureus (MRSA), which displays resistance to beta-lactam antibiotigsoleshdin
infections, pneumonia, and bacteremia. The ramifications of such resistant badect&ns, encompassing prolonged
hospitalization, heightened treatment costs, and increased mortality rates, underscore the critical jnd®ibder
management of "Drug of Choice" antibiotics to avert compromised sensitivity to MRSA. Effectiveceesmanagement

is imperative to address the MRSA threat. Propolis, a wax product renowned for its enridméctcdnial properties
attributed to terpenoids, saponins, alkaloids, and polyphenols, is derived from various bee species, widr particu
emphasis oTetragonula laevieps the most widely distributed species in Southeast Asia. This literature review explores
the potential offetragonula laevicepsropolis as an alternative treatment for MRSA infections. Recognizing the efficacy

of propolis in combating antibiotic resistance holds valuable implications for future research tanehretrategies.
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1. Background

Antibiotics as curative chemotherapy for bacterial infectiongehlaeen used since 1907 to the
present day. Continuous antibiotic use has impacted the developmmitrobial resistance to antibiotics,
reducing their effectiveness (Siahaan, Herman, and Fitri, 2022). Matmdfiense mechanisms adapt rapidly
compared to the development of antibiotic drugs, exemplified by Stapbyes aureus. This bacterium is
identified as a major contributor to the global burden of antibiasistance and categorized as a Level 3
disease-related cause of death in Global Health metaoslards (Aslam et al., 2018). This is related to the
ability of one strain of Staphylococcus aureus to produce a délprvadecting protein, adapting to the use of
penicillin-class antibiotics, known as MRSA (Methicillin ResistarapBiflococcus aureus).

MRSA is defined as bacteria resistant to B-lactam antibiotics with a minimum inhibitory
concentration greater than 4 pg/mL (Lakhundi and Zhang, 2018). MRSA causes skin infections, pneumonia,
and bacteremia with both community and nosocomial transmission (Monaatq 8016). With specific
modalities such as virulence factors and bacterial adaptati@d $peantibiotics, the incidence of MRSA
bacteremia in Southeast Asia was 2.3-69.1% in 2014 (Hassoun, Linden, and &yi2d&vg. ECDC (2020)
also mentions that in 2019, 25% of invasive S. aureus infections were MRSA igolatast of 29 European
Union countries. The impact of bacterial infections leads to prolongauitdi@sation, increased treatment
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costs, and increased mortality. This issue also implies thesitgoasusing the "Drug of Choice" antibiotic,
threatening its sensitivity to MRSA if intensively used on a iwasscale. Thus, there is potential for the
development of bacteria more resistant to the chosen antibibiétscan effectively combat bacterial
infections. This is an indication for resource management in tackling ti&AMReat.

The threat of bacteria has been addressed through various approachpsg\msitive and curative,
both direct and indirect. One alternative treatment for battefections is the use of propolis. Propolis is a
wax substance produced by honeybees from plant extract to protediitkee{iWwagh, 2013). Propolis has
antioxidant, antibacterial, and immunomodulatory properties that can bedpplhumans in extract form
(Toreti et al., 2013). These properties result from the conteptagfolis, including saponins, terpenoids,
alkaloids, and polyphenols (Ahangari, Naseri, and Vatandoost, 2018). The usepolfispextract as a
bacterial inhibitor has been practiced since ancient Egypt @®servative for embalming. In the 12th
century, the Georgian Medical Treatise, Karabadini, documented thigbeh@ropolis in treating oral and
pharyngeal infections (Kuropatnicki, Szliszka, and Krol, 2013). The mouieptementation of propolis
extract as an antibiotic leans towards a supportive or supplemental role, evhimtional antibiotics remain
the mainstay in infection management.

Currently, agricultural resources in the form of bee cultivation are eéxeeimsIindonesia, with 2 species of
honey bees, 46 species of stingless bees, and 2 species of wasps (Kahono, Chantawannakul, and Engel, 2018)
The CBD reports that 48% of honey production in the agricultural sectdominated by stingless bee
breeders, especially Tetragonula laeviceps (Commission On Gétegaurces for Food and Agriculture,
2018). This species has the largest population distributed in Southé&agBAshori et al., 2022). With this
condition, the utilization of Tetragonula laeviceps products, espe@ebpolis, is more accessible and
researchable. This species also has specific enzymes thidritiocprocess antimicrobial substances such as
alkaloids, saponins, and polyphenols when consuming propolis (Sanpa et al., 24 Syudy aims to test
the antimicrobial properties found in the extract of Tetragonakviceps propolis against Methicillin
Resistant Staphylococcus aureus. To test the antimicrolipémies, propolis needs to be transformed into
extract form. The extraction method has an influence on the typssbstances that can be isolated.
Antimicrobial substances such as terpenoids, saponins, alkaloids, and polgpt&n be easily extracted
with ethanol-based solvents, so propolis needs to be transfortodetimnol Extract of Propolis (EEP) form
(Grecka et al., 2020). Thus, the use of Tetragonula laeviceps ethdraat of propolis is expected to be a
method for combating MRSA infections during the widespread developmfemhicrobial antibiotic
resistance.

2. Introduction to Saphylococcus aureus

Staphylococcus aureus is a Gram-positive bacterium that isicgdreand arranged in clusters resembling
grapes. On nutrient-rich agar media, S. aureus forms colonies that are yellow or goltiethdymesence of
carotenoid pigments. This organism can thrive aerobically or téaly anaerobically at temperatures
between 18°C and 40°C. Typical biochemical identification tests, sudatakse, coagulase, mannitol
fermentation, and novobiocin susceptibility, yield positive results laglg differentiate it from other
Staphylococcus species. The bacterium is also hemolytic on bloodregimm, producing alpha, beta,
gamma, and delta hemolysins. Mannitol fermentation on mannitol-saltiradjeates its salt tolerance. S.
aureus is commonly found in the nasal cavity, living as a commendakiben (Taylor and Unakal, 2018).
According to Davis et al. (2019), the taxonomy of Staphylococcus aureus ibas{fol

¢ Kingdom: Bacteria
e Subkingdom: Posibacteria
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Phylum: Firmicutes

Class: Bacilli

Order: Bacillales

Family: Staphylococcaceae
Genus: Staphylococcus
Species: Staphylococcus aureus

3. Virulence Factor s of Staphylococcus aureus

Staphylococcus aureus possesses numerous virulence factoenahde it to thrive as a pathogen,
resulting in a broad spectrum of human diseases. According to Gnandarakr{2€17), S. aureus virulence
factors are divided into three categories based on their functions in the patwgeoeess:

a. Adhesins. Adhesins are substances produced by an organism to facilitate aéhé&encreus has
Microbial Surface Components Recognizing Adhesive Matrix Molscul@SCRAMM) and
Extracellular Adherence Protein (Eap). MSCRAMM is a surfactepr that interacts with collagen,
fibronectin, and fibrinogen from host tissues, facilitating tisstechment. Staphylococcal protein
A, fibronectin-binding protein, collagen-binding protein work synercgdity to produce the function
of MSCRAMM. Meanwhile, Eap is a structural exoprotein that bindsnothelial tissue plasma
proteins. Both adhesins have the ability to suppress the immune $ystanding to the Fc portion
of immunoglobulins, thereby limiting the immune response.

b. Exoproteins: Most S. aureus strains secrete exoproteins that function to tdmstrtissues into
nutrients. These exoproteins include enzymes such as protease, fipalease, hyaluronate lyase,
phospholipase C, metalloprotease, staphylokinase. Additionally, S. aureus producesiagopitbte
cytolytic activity, such as alpha-hemolysin and Panton-Valentine leukogi@VL). Alpha-
hemolysin damages cell membranes through oligomerization, forming pulesaasing osmotic
cytolysis, particularly in platelet and monocyte cells. Meanwhi\d,,R bicomponent exoprotein
often found in MRSA, targets leukocyte cells using a mechanism similar &@-hgrholysin.

c. Toxinosis Inducers: Toxinosis by S. aureus is caused by the production of enterotoxins, Toxic
Shock Syndrome Toxin-1 (TSST-1), and exfoliative toxin. Among these thregstdkie PTSAgs
(Pyrogenic Toxin Superantigen) group includes TSST-1 and enterotoxin. Both toxins havethe abili
to stimulate T-lymphocyte cell proliferation, leading to food poisgrand toxic shock syndrome
events. On the other hand, exfoliative toxin is secreted in @isglén infections. This toxin is a
serine protease that selectively hydrolyzes desmosome proteins in the skin.

4. History, Evolution, and Epidemiology of Methicillin-resistant Saphylococcus aureus

The use of penicillin since the 1940s has marked two revolutions in th@fimedicine: the treatment of
bacterial infections and the adaptability of the microbiota. Ascgikén became the preferred treatment for
bacterial infections, the phenomenon of antimicrobial resistheoame more prevalent, leading to the
discovery of Staphylococcus aureus resistant to penicillin. This gifetaphylococcus aurepsoduces -
lactamase, which breaks down the B-lactam ring, thus disabling the antibacterial properties of antibiotics. This
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issue prompted the development of new antibiotics, such assgathétic B-lactams resistant to f-lactamase,
known as methicillin, introduced in 1959 (Enright et al., 2002).

The use of Methicillin led to the discovery of Methicillin-Residt Staphylococcus aureus (MRSA) in the
1960s, following the introduction of Celbenin, an early type of methicillin tigadeat penicillin-resistant
Staphylococcus aureus. The first reports came from the UK anel fiellowed by other countries such as
Japan, Australia, and the United States. These reports indicatethehiaolates still exhibited an average
minimum inhibitory concentration of more than 4 pg/mL when tested with methicillin. Global cases of MRSA
infections have been reported to be associated with healthciittefaor post-medical procedures. Many
studies also characterize MRSA as well-adapted to the heaaltoaironment, strengthening these reports
(Harkins et al., 2017).

MRSA strains possess the mecA gene on the bacterial chromosonef, {ee broader Staphylococcal
Chromosomal Cassette mec (SCCmec) region, providing resigtanegious antibiotics based on SCCmec
types. The mecA gene encodes Penicillin-Binding Protein 2A (PBP-2Ach catalyzes peptidoglycan
formation in the bacterial cell wall. PBP-2A has a lowffinity for binding p-lactams and other penicillin
derivatives than other PBP types, allowing bacterial cell wathétion to continue despite exposure t
several antibiotics. Therefore, Staphylococcus aureus strains prgdB8P-2A can proliferate in ¢h
presence of many antibiotics, such as MRSA strains resitbanultiple drugs. Methicillin, nafcillin,
oxacillin, and cephalosporins are generally ineffective against MRGEntec is a genetic element that can
be mobilized through the adaptation process of Staphylococcus aureus.réhere theories explaining the
origin and evolution of MRSA. The single clone hypothesis suggests tl&n&CA entered the S. aureus
population at a specific time, forming a single clone of MRSA Hpread worldwide. The theory widely
accepted globally is the hypothesis of repeated horizontal trans®C©®MmecA to vulnerable methicillin
precursor strains of S. aureus (Ippolito et al., 2010).

5. Pathogenesis of Methidillin-resigant Staphyl ococcus aureus

Staphylococcus aureus, particularly MRSA strains, can causrisargan-specific infections, primarily
affecting the skin and subcutaneous tissues. The most common infecibbmde skin and soft tissue
infections caused by Community-Acquired MRSA (CA-MRSA), associated with congligiuch as cellulitis,
necrotizing fasciitis, and diabetic foot ulcers. CA-MRSA infections areasingly resistant to various drugs,
leading to frequent relapses, increased hospitalizations, and mortality §HU2922).

Bone and joint infections, often caused by Staphylococcus, are frequestigiatesd with antibiotic
resistance, making drugs like oxacillin less effective due to thiculty penetrating bone or joint tissues.
MRSA can lead to osteomyelitis in the spine and long bonesedigher and lower extremities, either as a
result of wound infection or part of a hematogenous infection. MRSA canalse septic arthritis in native
and prosthetic joints (Qiao et al., 2020).

CA-MRSA is linked to Staphylococcal pneumonia in the post-influenzgpeeaenting as life-threatening
necrotizing pneumonia in otherwise healthy individuals across the USitatks. Severe respiratory
symptoms, high fever, hemoptysis, and hypotension characterize sbésej which can quickly progress to
sepsis and septic shock, accompanied by leukopenia and elevated C-reactive prot850(mg/dL). In this
clinical situation, multilobar cavitating alveolar infiltrate® @onsistent with CA-MRSA infection. MRSA is
also the most common cause of hospital-acquired and ventilatoiadsdganeumonia, both of which have a
poor prognosis (Bien, Sokolova, & Bozko, 2011).

Bacteremia caused by MRSA infection has been associated with mortaktyaatgng from 15% to 60%.
MRSA bacteremia is common in patients with central linertig® in intensive care units and can lead to
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complications such as infective endocarditis. Individuals with reduced resgmrancomycin have a worse
prognosis than other MRSA infections (Lounsbury et al., 2019).

MRSA is a leading cause of bacterial endocarditis, with & fatttome in 30-37% of infected patients.
Intravenous drug use and intravenous catheters are often assodtate@jvt-sided MRSA endocarditis.
Septic pulmonary emboli can cause nodular infiltrates and cauiéarons in patients with tricuspid valve
vegetations. Similarly, patients with involvement of the mitral andic valves may develop secondary
infections in distant sites such as bones and joints, kidneys, brain, andigaes. Obtaining a complete
medical history, individual examination, appropriate laboratory testsradidlogical testing are crucial for
accurate diagnosis and management (Siddiqui & Janak Koirala, 2018).

6. Treatment for Methidllin-resistant Staphylococcus aureus | nfection

In general, the treatment of MRSA infections currently radiess pharmacological therapy approach. The
selection of therapy is based on the type of infection, clinical mmtcomorbid conditions, patient age,
and the need for hospitalization. In cases of skin infectiommh @s impetigo, folliculitis, erythrasma,
furunculosis, and traumatic wounds, management may involve the use of tomdatations such as
mupirocin and fusidic acid. Mupirocin, as a monoxycarboxylic acid clagsg, dexhibits antibacterial
properties by binding to isoleucyl t-RNA synthetase to inhibit protgimhesis. Some reports suggest that
mupirocin can be used for the decolonization of commensal Staphyiscaeaireus. On the other hand,
fusidic acid, a chemically tetracyclic triterpenoid, works byding to bacterial EF-G, disrupting the DNA
translocation process (Nandhini et al., 2022).

In cases of systemic MRSA infections, vancomycin antibiotiesoéten the primary choice. Vancomycin,
a glycopeptide, inhibits the synthesis of bacterial cell wallangmily preventing the joining of N-
acetylmuramic acid subunits with N-acetylglucosamine in the ghagitican matrix. This antibiotic is
generally indicated for Gram-positive bacterial infections andadministered intravenously. Although
vancomycin has been the preferred treatment for MRSA infectinos P58, its sustained use has led to an
increase in the average minimum inhibitory concentration ag®R3$A, approaching the upper limit of
susceptibility, which is 2 pg/L. Confronting this phenomenon, optimizing treatment regimens and adjusting
vancomycin doses to achieve effective concentrations in the bloodsreaorucial steps to maintain the
clinical utility of vancomycin (Yu et al., 2020).

7. Introduction to Propdlis

Propolis, commonly known as "bee glue," is a general term for reséntngsances collected by bees from
various plant sources. Terminologically, the term "propolis" originfates the Greek words "pro," meaning
"defense," and "polis," meaning "city" or "community." Bees gather profroiis various plant secretions
such as sap, gum, and resin from several plant species. Thesmsebhare then combined with saliva and
enzymes to form a natural substance resembling wax. Due to the wvhrfiety species and plants used in the
synthesis process, propolis comes in various colors and differ@st ohtontent. The natural use of propolis
can be found in beehives to seal open areas and cracks. In addition to its structural fuecpliddtion of
propolis can provide antiseptic functions and regulate the hive's climatdi\@sescolonies, making the role
of propolis crucial for their survival, including protecting larvaéoring honey, and preventing infections
(Anjum et al., 2019).
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The human use of propolis has been documented since 300 BC. Due dangston to agriculture,
propolis is classified as an exotic medicinal substance. The use of propolisicisenatd a preservative has
been applied in Roman, Greek, and ancient Egyptian cultures. Scientists sucbcasi@®s, Galen, Aristotle,
and Pliny described propolis's functions as an antiseptic and wouner.h&amilarly, during the
industrialization era, doctors used propolis as an anti-inflammatatyaatipyretic during the Anglo-Boer
War and World War Il (Rojczyk et al., 2020).

Each bee species has a different composition of propolis. Howénese differences are limited to the
ratio of the main components of propolis due to variations in thardipatterns of bee species. Generally,
propolis is composed of resin (50%-70%), beeswax (30%-50%), pollen (5%-a0ébgomponents such as
amino acids, minerals, flavonoids, phenols, and vitamins (Ahangari, Naseri, & Vatqrad®). Resin is the
tree sap collected by bees, modified into a polishing and nest-cleaning substancexBaetiveaother hand,
is a yellowish, soft, and highly absorbent substance produced by beesniogneaters, acids, high-fat
alcohols, and even free hydrocarbons. While beeswax is stable amy feigistant to moisture, it is not
resistant to heat or mechanical pressure.

Pollen from flowers has high nutritional value and consists of more than 96 differagingde The content
of bee-collected pollen is determined by specific flowers, ainintg a high concentration of vital amino
acids, vitamins, minerals, and hormones. Flavonoids, a type of polyphenol foymdpiiis, serve as a
measure to assess its quality. Flavonoids are classified intousaypes, including flavones, flavonols,
flavanones, flavanonols, chalcones, dihydrochalcones, isoflavones, isodihydrdflaflarans, isoflavans,
neoflavonoids, and flavonoid glycosides. The proportion of these substaniessbased on their chemical
structure and location. Hydrocarbons such as alkanes, diesters, andcaestess can also be found in
propolis. Lastly, terpenes, secondary metabolites produced by plantshuentto the distinct odor of
propolis, serving as a benchmark for determining its authenticity (Sargbs2619).

The complex structure of propolis necessitates an extractioeg¥®c harness its benefits. Antibacterial
components in propolis can be dissolved using water, methanol, ethdoobfarim, dichloromethane, and
acetone. The extraction method also influences the percentage ofapbbogical components that can be
extracted. A traditional method for propolis extraction is mai@rafThis involves mixing propolis with
water or alcohol and allowing it to stand for 72 hours at room texhper Another method is the Soxhlet
extraction, where propolis is extracted using a mixture of water and alcohol for 2-34ahabemperature of
60 degrees Celsius (Bankova, Trusheva, & Popova, 2021).

8. Pharmacological Effect of Propolis

The phenolic content of propolis, consisting of coumarin, quinine, and flavonoidgides
antioxidant, anti-inflammatory, and antibacterial effects. Flamtsnoan chelate metal ions such as iron and
copper, inhibiting the production of free radicals. They exhibit antibatteffects by inhibiting DNA or
RNA synthesis in bacteria and anti-inflammatory activitiesrbybiting nitric oxide synthesis, glycosidase,
lipoxygenase, protein kinase, and prostaglandin. Flavonoids are moréveffacinhibiting Gram-positive
bacteria than Gram-negative bacteria. However, the effectivefiestibacterial properties depends on the
propolis extraction technique. Terpenes of the carvacrol group can ad@i@atel and TRPV3 ion channels,
which mediate inflammatory pain. They can also inhibit COX-2, produanalgesic effects (Miyata et al.,
2020).
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9. Conclusion

The antimicrobial properties of propolis extracts from the dgnula laeviceps species show promising
potential for the development of a novel MRSA agent. This not omlyeseas an alternative regimen for

MRSA treatment but also has the added benefit of encouraging tieetmnomies of South-East Asian bee
farmers engaged in bee cultivation and the production of bee-related products.

Acknowledgements

The authors acknowledge the contribution of Putu Bagus Dharma Permana glingrardluable
comments and informal review for the manuscript.

References

Ahangari, Z., Naseri, M. and Vatandoost, F. (2018). Propolis: Chemicap@sition and Its Applications in Endodontics. Iranian
endodontic journal, [online] 13(3), pp.28M2. doi:https://doi.org/10.22037 /iej.v13i3.20994.

Ashour, A.S., El Aziz, M.M.A. and Gomha Melad, A.S. (2019). A review on sapdniin medicinal plants: chemistry, isolation, and
determination. Journal of Nanomedicine Research, [online] 7(4), p2882doi:https://doi.org/10.15406/jnmr.2019.07.00199.

Aslam, B., Wang, W., Arshad, M.l., Khurshid, M., Muzammil, S., Rasool,.MNisar, M.A., Alvi, R.F., Aslam, M.A., Qamar, M.U.,
Salamat, M.K.F. and Baloch, Z. (2018). Antibiotic resistance: a Runddven @lobal Crisis. Infection and Drug Resistance
Volume 11(11), pp.1648.658. doi:https://doi.org/10.2147/idr.s173867.

Bankova, V., Trusheva, B. and Popova, M. (2021). Propolis extraction methodsew. réeurnal of Apicultural Research, 60(5),
pp.734-743. doi:https://doi.org/10.1080/00218839.2021.1901426.

Bhargav, H.S., Shastri, S.D., Poornav, S.P., Darshan, K.M. and Nayak, M.M. (20da&3urkment of the Zone of Inhibition of an
Antibiotic. 2016 IEEE 6th International Conference on Advanced Computing (IACC). geiffdbi.org/10.1109/iacc.2016.82.

Bien, J., Sokolova, O. and Bozko, P. (2011). Characterization of Virulence $-at&daphylococcus aureus: Novel Function of Known
Virulence Factors That Are Implicated in Activation of Airwapithelial Proinflammatory Response. Journal of Pathogens, 2011,
pp.1-13. doi:https://doi.org/10.4061/2011/601905.

Buchori, D., Rizali, A., Priawandiputra, W., Raffiudin, R., Sartiami, Bujiastuti, Y., Jauharlina, Pradana, M.G., Meilin, A., Leatemia,
J.A., Sudiarta, I.P., Rustam, R., Nelly, N., Lestari, P., Syahputra, E., Hasriyanti, WaunDaid, |.D.A., Hariani, N. and Jihadi,
A. (2022). Beekeeping and Managed Bee Diversity in Indonesia: Pevspant Preference of Beekeepers. Diversity, 14(1), p.52.
doi:https://doi.org/10.3390/d 14010052.

Ciulu, M., Spano, N., Pilo, M. and Sanna, G. (2016). Recent Advances in thgsidradl Phenolic Compounds in Unifloral Honeys.
Molecules, 21(4), p.451. doi:https://doi.org/10.3390/molecules21040451.

CLSI (2020). Performance Standards for Antimicrobial Susceptitiétsting. 30th ed. Wayne: Clinical and Laboratory Standards
Institute.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Scientisgaliéi, New Jersey: Lawrence Erlbaum Associates.

Commission On Genetic Resources for Food and Agriculture (2018). SILCRJRVEY OF HONEYBEES AND OTHER
POLLINATORS. Rome: UNEP, pp-12.

Dach, E.S. von (2017). Methicillin-resistant Staphylococcus aureuSAMR Prevention and fight against this pathogen. [online]
tel.archives-ouvertes.fr. Available at: https://tel.archives-ouvertes:®1580356 [Accessed 2 Jul. 2022].

Davis, J.J., Wattam, A.R., Aziz, R.K., Brettin, T., Butler, R., Butler, R@hlenski, P., Conrad, N., Dickerman, A., Dietrich, E.M.,
Gabbard, J.L., Gerdes, S., Guard, A., Kenyon, R.W., Machi, D., Mao, C., Murphy-OlsaXguyen, M., Nordberg, E.K. and
Olsen, G.J. (2019). The PATRIC Bioinformatics Resource Center: expanding dataadysis @apabilities. Nucleic Acids Research
doi:https://doi.org/10.1093/nar/gkz943.

Dey, P., Kundu, A., Kumar, A., Gupta, M., Lee, B.M., Bhakta, T., Dash, S. and Kim, H.S. (2020). Analysisaid slfiadiole alkaloids,
isoquinoline alkaloids, tropane alkaloids). Recent Advances in NatuUPaoducts Analysis, [online] p.505.
doi:https://doi.org/10.1016/B978-0-12-816455-6.00015-9.

ECDC (2020). Antimicrobial resistance in the EU/EEA (EARS-Net). StookhBCDC, pp.2123.

Enright, M.C., Robinson, D.A., Randle, G., Feil, E.J., Grundmann, H. and Spratt(2B@2). The evolutionary history of methicillin-
resistant Staphylococcus aureus (MRSA). Proceedings of the Nathdredemy of Sciences, 99(11), pp.768892.
doi:https://doi.org/10.1073/pnas.122108599.

Faul, F., Erdfelder, E., Lang, A.-G. and Buchner, A. (2007). G*Power 3exbfe statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research Methods, 39(2)-fp1L %oi:https://doi.org/10.3758/bf03193146.

WWw.ijrp.org



Phalosa Sahasika Si Bharata / International Journal of Research Publications (IJRP.ORG) @ JJRP 'ORG

ISSN: 2708-3578 (Online)

437

Gnanamani, A., Hariharan, P. and Paul- Satyaseela, M. (2017). Stapbhy®@aeus: Overview of Bacteriology, Clinical Diseases,
Epidemiology, Antibiotic Resistance and Therapeutic Approach. [onlimejv.intechopen.com. IntechOpen. Available at:
https://www.intechopen.com/chapters/54154..

Grecka, K., Xiong, Z.R., Chen, H., Pelka, K., Worobo, R.W. and Szweda, P. (2020). Effect of Ethanol Extracts of Propolis (EEPS)
against Staphylococcal BiofilmMicroscopic Studies. Pathogens, [online] 9(8), p.646.
doi:https://doi.org/10.3390/pathogens9080646.

Harkins, C.P., Pichon, B., Doumith, M., Parkhill, J., Westh, H., Tomasz, A., dateacH., Bentley, S.D., Kearns, A.M. and Holden,
M.T.G. (2017). Methicillin-resistant Staphylococcus Aureus Emerged Lofagyebéhe Introduction of Methicillin into Clinical
Practice. Genome Biology, [online] 18(1), p.130. doi:https://d0i.org/10.1186/s13059-017-1252-9.

Hassoun, A., Linden, P.K. and Friedman, B. (2017). Incidence, prevalemtenanagement of MRSA bacteremia across patient
populations—a review of recent developments in MRSA management and tmatn@itical Care, [online] 21(1).
doi:https://doi.org/10.1186/s13054-017-1801-3.

Hu, X., Hu, K., Liu, Y., Zeng, L., Hu, N., Chen, X. and Zhang, W. (2022). Risk factorsdticillin-resistant Staphylococcus aureus
colonization and infection in patients with human immunodeficiency \irfection: A systematic review and meta-analysis.
Journal of International Medical Research, 50(1), p.030006052110630. doi:https://doi.org/10.1177/03000605211063019.

Ippolito, G., Leone, S., Lauria, F.N., Nicastri, E. and Wenzel, R.P. (201@hidllen-resistant Staphylococcus aureus: the superbug.
International Journal of Infectious Diseases, [online] 14, pf5$Y. doi:https://doi.org/10.1016/j.ijid.2010.05.003.

Kahono, S., Chantawannakul, P. and Engel, M.S. (2018). Social Bees and ttwet Qtatus of Beekeeping in Indonesia. Asian
Beekeeping in the 21st Century, pp.28d6. doi:https://doi.org/10.1007/978-981-10-8222-1_13.

Khameneh, B., Eskin, N.A.M., Iranshahy, M. and Fazly Bazzaz, B.S. (2021). PhyitcalkerA Promising Weapon in the Arsenal
against Antibiotic-Resistant Bacteria. Antibiotics, 10(9), p.1044. doi:httpssfd/10.3390/antibiotics10091044.

Kim, H.-Y. (2017). Statistical notes for clinical researchers: ghited test and Fisher’s exact test. Restorative Dentistry & Endodontics
[online] 42(2), p.152. doi:https://doi.org/10.5395/rde.2017.42.2.152.

Kowalska-Krochmal, B. and Dudek-Wicher, R. (2021). The Minimum IntripiConcentration of Antibiotics: Methods, Interpretation,
Clinical Relevance. Pathogens, [online] 10(2), p.165. doi:https://doi.org/10.3390/pathogens10020165.

Kuropatnicki, A.K., Szliszka, E. and Krol, W. (2013). Historical AspemftsPropolis Research in Modern Times. Evidence-Based
Complementary and Alternative Medicine, 2013, pftll doi:https://doi.org/10.1155/2013/964149.

Lakhundi, S. and Zhang, K. (2018). Methicillin-Resistant Staphylococcususautdolecular Characterization, Evolution, and
Epidemiology. Clinical Microbiology Reviews, [online] 31(4). doi:httpsi/drg/10.1128/cmr.00020-18.

Lens, C., Malet, G. and Cupferman, S. (2016). Antimicrobial activity of Butyl acetate,detitgte and Isopropyl alcohol on undesirable
microorganisms in  cosmetic  products. International Journal of &@sm Science, 38(5), pp.47430.
doi:https://doi.org/10.1111/ics.12314.

Lounsbury, N., Reeber, M., Mina, G. and Chbib, C. (2019). A Mini-Review on ©@&fi& in Bacteremia Patients with Methicillin-
Resistant Staphylococcus aureus (MRSA) Infections. Antibiotics, 8(1), p.30. dofiftittixsrg/10.3390/antibiotics8010030.

Maharjan, M., Sah, A.K., Pyakurel, S., Thapa, S., Maharjan, S., AdhikaRijdl, K.R., Ghimire, P. and Thapa Shrestha, U. (2021).
Molecular Confirmation of Vancomycin-Resistant Staphylococcus aurdils vanA Gene from a Hospital in Kathmandu.
International Journal of Microbiology, 2021, pp8l doi:https://doi.org/10.1155/2021/3847347.

Marsetyo, R.l., Andyningtyas, S.P., Zamrutizahra, C.S., Fadela, I.N., Subiwaudind Widjiastuti, |. (2021). An effective
concentration of propolis extract to inhibit the activity of Streptococousans glucosyltransferase enzyme. Dental Journal
(Majalah Kedokteran Gigi), 54(4), p.186. doi:https://doi.org/10.20473/j.djmkg.v54.i4.p186-189.

Masyita, A., Mustika Sari, R., Dwi Astuti, A., Yasir, B., Rahma Rtan&., Emran, T.B., Nainu, F. and Simal-Gandara, J. (2022).
Terpenes and terpenoids as main bioactive compounds of essestisthaiil roles in human health and potential application as
natural food preservatives. Food Chemistry: X, 13, p.100217. doi:https://doi.org/10.1016/j.fochx.2022.100217.

Miyata, R., Sahlan, M., Ishikawa, Y., Hashimoto, H., Honda, S. and Kumazw@020). Propolis Components and Biological
Activities from Stingless Bees Collected on South Sulawesi, IrgilmneHAYATI Journal of Biosciences, 27(1), p.82.
doi:https://doi.org/10.4308/hjb.27.1.82.

Monaco, M., Pimentel de Araujo, F., Cruciani, M., Coccia, E.M. and Pantas{2016). Worldwide Epidemiology and Antibiotic
Resistance  of  Staphylococcus aureus.  Current  Topics in  Microbiology amemunblogy, pp.2456.
doi:https://doi.org/10.1007/82_2016_3.

Murray, C.J., Ikuta, K.S., Sharara, F., Swetschinski, L., Aguilar, G.R., Gray, A., Han, C., Bisignano, C., R@nlFE., Johnson, S.C.,
Browne, A.J., Chipeta, M.G., Fell, F., Hackett, S., Haines-Woodhouse, G.ddaimB.H.K., Kumaran, E.A.P., McManigal, B.
and Agarwal, R. (2022). Global burden of bacterial antimicrobialteesie in 2019: a systematic analysis. The Lancet, [online]
399(10325), pp.62%55. doi:https://doi.org/10.1016/S0140-6736(21)02724-0.

Nandhini, P., Kumar, P., Mickymaray, S., Alothaim, A.S., Somasundaram, J. and Rajan, M. (2622).0Rwelopments in Methicillin-
Resistant Staphylococcus aureus (MRSA) Treatment: A Review.  bictids, 11(5), p.606.
doi:https://doi.org/10.3390/antibiotics11050606.

National Center for Biotechnology Information (2004). PubChem Compound Surfona®yD 8857, Ethyl Acetate. [online] Nih.gov.
Available at: https://pubchem.ncbi.nim.nih.gov/compound/ethyl-acetate.

Ostertagova, E. and Ostertag, O. (2013). Methodology and Application of a@na&NOVA. American Journal of Mechanical
Engineering, [online] 1(7), pp.25861. doi:https://doi.org/10.12691/ajme-1-7-21.

WWw.ijrp.org



Phalosa Sahasika Si Bharata / International Journal of Research Publications (IJRP.ORG) @ JJRP 'ORG

ISSN: 2708-3578 (Online)

438

Patel, S, Preuss, C.V. and Bernice, F. (2019). Vancomycin. [online] h.gavi Available at:
https://iwww.ncbi.nim.nih.gov/books/NBK459263/.

Qiao, Y., Liu, X., Li, B., Han, Y., Zheng, Y., Yeung, K.WK., Li, C., Cui, Z., Liang, Yi,,4., Zhu, S., Wang, X. and Wu, S. (2020).
Treatment of MRSA-infected osteomyelitis using bacterial cagiumagnetically targeted composites with microwave-assisted
bacterial killing. Nature Communications, 11(1). doi:https://doi.org/10.1038/s41467-020-08268-

Rodriguez-Melcon, C., Alonso-Calleja, C., Garcia-Fernandez, C., @arhahnd Capita, R. (2021). Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC) for Twel&atimicrobials (Biocides and Antibiotics) in Eight Straiofs
Listeria monocytogenes. Biology, 11(1), p.46. doi:https://doi.org/10.3390/biology11010046.

Rojczyk, E., KlamaBaryla, A., Labu$, W., Wilemska-Kucharzewska, K. and Kucharzewski, M. (2020). Historical and modseaneh
on propolis and its application in wound healing and other fields ofcmedand contributions by Polish studies. Journal of
Ethnopharmacology, 262, p.113159. doi:https://doi.org/10.1016/j.jep.2020.113159.

Sanpa, S., Popova, M., Bankova, V., Tunkasiri, T., Eitssayeam, S. and Chantawanng@d,5F Antibacterial Compounds from
Propolis of Tetragonula laeviceps and Tetrigona melanoleuca (Hymemopgtpidae) from Thailand. PLOS ONE, 10(5),
p.e0126886. doi:https://doi.org/10.1371/journal.pone.0126886.

Santos, L.M., Fonseca, M.S., Sokolonski, A.R., Deegan, K.R., Aratjo, R.P., Umsza-Guez, M.A., Barbosa, J.D., Portela, R.D. and
Machado, B.A. (2019). Propolis: types, composition, biological activities, andnateproduct patent prospecting. Journal of the
Science of Food and Agriculture, 100(4), pp.1363B2. doi:https://doi.org/10.1002/jsfa.10024.

Schoch, C.L., Ciufo, S., Domrachev, M., Hotton, C.L., Kannan, S., Khovanskaya, R., Leipe, D., Mcveigh, R., O’Neill, K., Robbertse, B.,
Sharma, S., Soussov, V., Sullivan, J.P., Sun, L., Turner, S. and Karsch-Mitrg2020). NCBI Taxonomy: a comprehensive
update on curation, resources and tools. Database (oxford), 2020. doi:https://doi.org/10 Al0@3#trtaa062.

Serdar, C.C., Cihan, M., Ylcel, D. and Serdar, M.A. (2021). Samplepgineer and effect size revisited: simplified and practical
approaches in pre-clinical, clinical and laboratory studies. hBimia medica, [online] 31(1), pp-A3.
doi:https://doi.org/10.11613/bm.2021.010502.

Siahaan, S., Herman, M.J. and Fitri, N. (2022). Antimicrobial Resistaiteation in Indonesia: A Challenge of Multisector and Global
Coordination. Journal of Tropical Medicine, 2022, pf.@. doi:https://doi.org/10.1155/2022/2783300.

Siddiqui, A.H. and Janak Koirala (2018). Methicillin Resistant Staygloglcus Aureus (MRSA). [online] Nih.gov. Available at:
https://iwww.ncbi.nim.nih.gov/books/NBK482221/.

Susilo, B., Mertaniasih, N., Koendhori, B. and Agil, M. (2009). KOMPOSISMIAWI DAN AKTIVITAS ANTIMIKROBA
PROPOLIS DARI MALANG JAWA TIMUR CHEMICAL COMPOSITI&N AND ACTIVITY OF PROPOLIS AS ANTI
MICROBIAL FROM MALANG EAST JAVA. J. Penelit. Med. Eksakt [online] 8(1), pp.2330. Available at:
http:/fjournal.unair.ac.id/filerPDF/04%20v01%208%20n0%202%20April%202009%20FF %20_bambang 22P3-36.pdf
[Accessed 9 Jul. 2022].

Synowiec, A., Zyta, K., Gniewosz, M. and Kieliszek, M. (2021). An effect of positional isomerism of benzoic acid derivatives on
antibacterial activity against Escherichia coli. Open Life Sciertd®4), pp.594601. doi:https://doi.org/10.1515/biol-2021-0060.

Taylor, TA. and Unakal, C.G. (2021). Staphylococcus Aureus. [online] PdibMe Available at:
https://www.ncbi.nim.nih.gov/books/NBK441868.

The Center for Disease, Dynamics Economics & Policy (2022). Rasetap: Antibiotic resistance. [online] Cddep.org. Available at:
https://resistancemap.cddep.org/AntibioticResistance.php [Accessed MB).31A

Toreti, V.C., Sato, H.H., Pastore, G.M. and Park, Y.K. (2013). Recent Progress of Propoli8faofEal and Chemical Compositions
and Its Botanical Origin. Evidence-Based Complementary and AtteenaMedicine, [online] 2013, pp-13.
doi:https://doi.org/10.1155/2013/697390.

Trianto, M., Fajri Marisa and Moh Dahri Kisman (2020). Tetragonulaidaps (Hymenoptera: Apidae: Meliponini): Morphology,
Morphometric, and Nest Structure. BIOEDUSCIENCE, 4(2), pp-188. doi:https://doi.org/10.22236/j.bes/424924.

Tsao, R. (2010). Chemistry and Biochemistry of Dietary Polyphenols. Nuairiefionline] 2(12), pp.12311246.
doi:https://doi.org/10.3390/nu2121231.

Veiga, R.S., De Mendonga, S., Mendes, P.B., Paulino, N., Mimica, M.J., Liaghletio, A.A., Lira, |.S., L6pez, B.G.-C. ., Negréo, V.
and Marcucci, M.C. (2017). Artepillin C and phenolic compounds resporfsibntimicrobial and antioxidant activity of gmee
propolis and Baccharis dracunculifolia DC. Journal of Applied Microigigl [online] 122(4), pp.9EB20.
doi:https://doi.org/10.1111/jam.13400.

Wagh, V.D. (2013). Propolis: A Wonder Bees Product and Its Pharmaadléitentials. Advances in Pharmacological Sciences
[online] 2013, pp.211. doi:https://doi.org/10.1155/2013/308249.

Yu, Y., Huang, H.-L., Ye, X.-Q., Cai, D.-T., Fang, J.-T., Sun, J., Liao, X.-P. and Liu, Y.-H. (2020)gByicdPotential of Antimicrobial
Combinations Against Methicillin-Resistant Staphylococcus aureus.rontiers in Microbiology, 11.
doi:https://doi.org/10.3389/fmich.2020.01919.

WWw.ijrp.org



