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Abstract

Objective: This study aimed to evaluate the antibacterial and antibiofilm activities of Oregano extract against clinical
isolates of Streptococcus pyogenes, and to assess the presence of biofilm-associated virulence genes (emm, scll)
following treatment.

Materials and Methods: Thirty clinical streptococcal isolates were obtained, and twelve were selected based on
pathogenicity and multidrug resistance. Species identification and antimicrobial susceptibility testing were performed
using the VITEK-2 compact system. Antibacterial activity of oregano extract (0.1 g/ml) was assessed by the agar
diffusion method on Muller-Hinton agar. Biofilm formation inhibition was evaluated, and PCR was employed to detect
the presence or absence of emm and scl1 genes.

Results: Oregano extract at 0.1 g/ml inhibited S. pyogenes growth and prevented biofilm formation. Molecular analysis
showed a reduction or absence of emm and scl1 genes in treated isolates, indicating suppression of biofilm-associated
virulence factors.

Conclusion: Oregano extract demonstrates potent antibacterial and antibiofilm properties against S. pyogenes, likely
mediated through inhibition of key virulence genes, suggesting its potential as a natural therapeutic option for biofilm-
associated infections.
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1. Introduction

Even though the production of medications made of pure chemicals or biological materials, like antibiotics, has
advanced in recent years, researchers have been very interested in medicinal plants because of the effects these
substances have on people's health and the rise in microorganisms that are resistant to them, mostly when used
continuously and without medical advice (1). Oregano extract is one of the plants in the Lamiaceae family that has great
pharmacological efficiency due to its high content of the antibacterial arvacrol and the antifungal thymol. Other
substances with antioxidant qualities foundin Oreganoleavesinclude phenols, rosmarinicacid, ursolicacid, triterpenes,
and oleanolic acid (2), Quorum sensing (QS) is impacted by the phenolic chemicals that inhibit biofilm development (3).
A biofilm is defined as a clump of bacteria that are adhered to both living and non-living surfaces and encased in
extracellular polymers (4) that the bacteriasecrete to evade the host's immune system and develop tolerance to various
drugs (5). Streptococci are Gram-positive, coagulase- and catalase-negative cocci that usually occur in chains or pairs.
They are divided into three categories according to their hemolytic pattern on blood agar: gamma-hemolytic (no lysis),
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alpha-hemolytic (partial lysis resulting in a greenish hue), and beta-hemolytic (full lysis of red blood cells). Group A
streptococci (Streptococcus pyogenes) and group B streptococci (Streptococcus agalactiae) are the principal
representatives of the beta-hemolytic group, it causes skin infections and strep throat were among the serious,
potentially fatal illnesses, Cellulitis, tonsillitis, impetigo, and pharyngitis (strep throat) are common infections. Scarlet
fever, rheumatic fever, glomerulonephritis, and necrotizing fasciitis, sometimes referred to as "flesh-eating disease,"
can result from more serious illnesses (6),

The infections caused by streptococcus pyogenes are extremely infectious and usually invade the pharynx, anus, and
vaginal mucosa. Airborne droplets, direct hand contact with nasal secretions, contact with contaminated surfaces or
objects, contact with infected skin lesions, or ingestion of contaminated food are all possible ways for the disease to
spread. Collectively Cellulitisand erysipelasare two diseases that can result from streptococcal (GAS) strains thatinvade
the skin through wounds or abrasions (7). Additionally, they may infiltrate muscle and fascia, resulting in necrotizing
fasciitis or myositis, which frequently follows minor trauma and can lead to toxic shock syndrome (8). Furthermore, S.
pyogenes can cause septicemia by infecting the uterus and vaginal mucosa. The most frequent risk factor for serious S.
pyogenes infections is thought to be skin lesions. crowded spaces, like military bases, assisted living facilities, and The
most frequent risk factor for serious S. pyogenes infections is thought to be skin lesions. Group A streptococcal infection
epidemics can occur in crowded settings like schools, nursing facilities, and military camps because they make
transmission easier (9).

Among the exotoxins produced by Streptococcus pyogenes are pyrogenic (erythrogenic) toxins, which cause toxic shock
syndrome and the rash associated with scarlet fever. Other virulence factors that aid in tissue invasion and increase the
severity of infection include streptokinase, streptodornase, hyaluronidase, and streptolysins (10).

The clinical symptoms induced by Streptococcus pyogenes are influenced by a number of virulence variables. The
bacteria are shielded from phagocytosis by its hyaluronic acid capsule, and adhesion to host cells is mediated by M
protein, lipoteichoic acid, and protein F (11). By binding to complement regulators and fibrinogen, M protein inhibits
opsonization, which is another important way it evades the immune response. Notably, M protein is considered the
most critical virulence factor for S. pyogenes, as studies have demonstrated that M protein-deficient mutants cannot
survive in human blood containing phagocytes (12).

2. Materials and Methods

2.1. Collection and preparation of Oregano 0il extract

Using hard Oregano, an oil cube from the Deer brand in China, different types of Oregano were gathered from the local
markets in the governorates of Najafand Baghdad. In a water bath vibratingat 95 ° C for 15 minutes until it was verified,
3 g of Oregano was dissolved in 30 ml of sterilized Olive oil at 121 ° C and under 15 lb/kg?2 of pressure for 15 minutes.
To store pure Oregano extract, melt the Oregano completely in Olive oil, put it in a sterile tube, and keep it in the
refrigerator at 4 °C until it's used (13).

2.2. Collection of specimens

Twelve specimens in all were taken from swabs, tonsils, wounds, and urinary tract infections in the indoor setting of
the Najaf Governorate Hospital between September 2024 and February 2025. The patients' ages ranged from 15 to 35.
The samples were processed on nutrientand blood agar media and incubated for the entire nightat 37°C. Gram-positive
bacteria are identified using common biochemical techniques (oxidase and catalase tests), and the Vitek-2 compact
system is also used for diagnosis.

2.3. Detection of the inhibitory activity of Oregano oil towards Streptococcus pyogenes

The well diffusion method was used to study the susceptibility of the oregano oil to the bacterial isolates (14). To
guarantee that the bacterial implantsin the center, theisolated bacteria were evenly distributed over the Muller-Hinton
agar medium and allowed to come to room temperature. After that, the center was drilled to a diameter of 8 mm, and
0.1 g/ml of Oregano oil was applied. To make sure that Olive oil had no inhibitory effect on growing colonies, a positive
control that contained solely Olive oil was established independently. To enable the extract to permeate the center, let
the dishes sit at room temperature for ten minutes. A graduated ruler was used to measure the drill's diameters after it
was incubated for 24 hours at 37 °C.
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2.4. DNA template preparation by using the boiling method with Tris EDTA-TE buffer

The total DNA of isolates under study was extracted using the Tris EDTA-TE Buffer method (15). After putting the tubes
in the cannula for five minutes at 5000 rpm, the bacterial isolates are grown in BHI Broth for twenty -four hours at 37
°C and then disposed of centrally. After dissolving the precipitate in 1 pl of TE Buffer, the tubes were centrifuged
centrally for 5 minutes at 5000 rpm and then re-suspended. To make sure all the cells were absorbed, the precipitate
was deposited in 100 pl of TE Buffer. The tubes were then immediately discarded for 5 minutes at 5000 rpm after 10
minutesin a 100 c® water bath. then Before using, remove the supernatant from the tube and store it in the freezer at -
20 °C.

2.5. Primers used for PCR

Asindicated in Table 1, the genes utilized in this investigation are in charge of intercellular adhesion, which is required
for Streptococcus pyogenes biofilm production. They were acquired from the Korean Alpha DNA Company.

Table 1 The primer used in the current study for PCR amplification

Target Gene | Nucleotide sequences and direction Product size (bp) | Reference
)(5\-------3\

emm F | 5\ GAG GTA AAG CCAACG CAC TC 3\ | 151 (10)

emm R | 5V CCT GTA ACC GCA CCA AGT TT 3\

scll F | 5 GAA CCG CTT GCC ATG TGT TG 3\ | 483 (11)

scll R | 5V GCTTGA CCATGT TGC GTA ACC 3\

2.6. PCR amplification procedure

A PCR genotypic investigation was conducted on twelve chosen isolates. By the manufacturer's information (Alpha
DNA), the oligonucleotide primers for the emm andscl 1 genes Table 2 were diluted using TE Buffer to achieve a primary
concentration of 100 pl. Amplification was carried out in a PCR thermocycler, and the reaction mixture was made by the
manufacturer's recommended protocol (Maxime PCR PreMix kit (i-Taq)). Table 2 below lists the elements of the
polymerase chain reaction.

Table 2 Components and volumes of PCR mixture

PCR Master Mix Volume
DNA Template 10 pl

Forward primer | 4 pl

Reverse primer 4 ul

Nuclease-free water | 2 ul

Total 20 ul

Conditions for PCR amplification, which were set according to this study for the two primers, are shown in Table 3.
Agarose gel electrophoresis was used to examine the amplified PCR product using 1.5% agarose that had been treated

with 0.5 pg/ml ethidium bromide for one hour (16). PCR results were evaluated using a DNA ladder (100-1500 bp),
visualized by UV light at 336 nm, and captured on a digital camera.
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Table 3 Program of thermal cycles to amplify DNA

Gene | Temperature (°C) /Time Cycle No.
Initial denaturation | Cycling Condition Final Extension
denaturation | Annealing | Extension
emm | 94/2 min 94 /1 min 55/1 min 72/2 min | 72/7 min 30
emm | 94/2 min 94/1 min 60/1 min 72/2 min | 72/7 min 30
Scl1 | 94/2 min 94/1 min 57.5/1min | 72/2 min | 72/7 min 30
Scl1 | 94/2 min 94/1 min 60/1 min 72/2 min | 72/7 min 30

3. Results and Discussion

In hospitalsand other healthcare facilities, the spread of Streptococcus pyogenesisaserious concern. Twelve specimens
in all demonstrated that the isolates belonged to it based on several biochemical tests. The Vitek-2 compact system was
used to conduct another crucial diagnostic test. (17) to verify the diagnosis. The antibacterial action of oregano oil (0.1
g/ml) was detected by the diffusion method, and Streptococcus pyogen had a diameter of 40 mm, as seen in Fig. 1.

Figure 1 The anti-microbial effect of Oregano oil towards theisolation on Muller Hinton agarat concentrated (0.1 g/ml).

The active componentsof oil, particularly phenols, are probably what giveitits inhibitory effect (18). Alongwith volatile
oils, particularly cineole oil, which makes up 80-90% of the plant's total active ingredients, this chemical also helps to
break down bacterial cells and their membranes (19). The PCR approach was then used to select these twelve isolates
for the genotypic investigation utilizing two distinct gene sequences that are crucial to the production of biofilms, one
of which is the emm gene, it is in charge of cell adhesion during biofilm development and is the initial stage of this
process. The first one is emm, which has an amplified size of 153 bp (20), and scl 1 comes in second, with an amplified
size of 487 bp. The PCR experiment's outcome showed that the isolates' S. pyogenes emm gene had an annealing
temperature of 55 c2, but the scl 1 gene had an annealing temperature of 60 c?, as shown in Fig. 2.
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emm=153bp

y

Figure 2 Agarose gel electrophoresis (1.5% agarose) of emm gene

However, the results of the scl 1 gene indicated that, as shown in Fig. 3, all isolates containing the gene had two
annealing temperatures (57.5-60)c2

Scl 1=487bp

J

— — —

Figure 3 Agarose gel electrophoresis (1.5% agarose) for scl 1 gene

The sources of sample collection may be the cause of the isolates' presence or lack of virulence genes, as hospital usage
of detergents and disinfectants can alter the genetic material that makes up cells and cause some of these genes to be
lost (21).

4. Conclusion

Oregano oil exhibited strong antibacterial and antibiofilm activities against Streptococcus pyogenes, with a notable
inhibition zone and suppression of key virulence genes (emm and scl1). The findings suggest that its bioactive
compounds, particularly phenols, contribute to disruptingbacterial adhesion and biofilm formation. Environmental and
clinical factors, including exposure to disinfectants, may influence variations in gene presence. Oregano oil shows
promise as a natural alternative for controlling biofilm-associated infections.

962



International Journal of Science and Research Archive, 2025, 16(02), 958-964

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

Statement of informed consent

Informed consent was obtained from all individual participants included in the study.

Declaration of generative Al in scientific writing

During the preparation of this work the author did not use any generative Al tool for scientific writing. The author takes
full responsibility for the content of the published article.

References

[1]

[2]

(3]

[4]

[5]

6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Al-Snafi AE. Medicinal plants with antimicrobial activities (part 2): Plant-based review. Scholarly Academic
Journal of Pharmacy. 2016;5(6):208-239.

Siramon P, Ohtani Y, Ichiura H. Chemical composition and antifungal properties of Eucalyptus camaldulensis leaf
oils from Thailand. Rec Nat Prod. 2013;7(1):49-53.

Arciola CR, Campoccia D, Ravaioli S, Montanaro L. Polysaccharide intercellular adhesin in biofilm: structural and
regulatory aspects. Front Microbiol. 2015;5(7):1-10.

Flemming HC, Wingender ], Szewzyk U, Steinberg P, Rice SA, Kjelleberg S. Biofilms: an emergent form of bacterial
life. Nat Rev Microbiol. 2016;14(9):563-575.

Namasivayam SKR, Avimanyu B. Silver nanoparticle synthesis from Lecanicillium lecanii and evaluative
treatment on cotton fabrics by measuring their improved antibacterial activity with antibacterial antibiotics
against Staphylococcus aureus (ATCC 29213) and Escherichia coli (ATCC 25922) strains. Int ] Pharm Sci.
2011;4(3):190-195.

Stevens DL. Invasive group A streptococcus infections. Clin Infect Dis. 2021;14(2):2-11
doi:10.1093/clinids/14.1.2

Mohamed RH, Khaled E. The oil of oregano (Origanum vulgare). INFORM Int News on Fats Oils and Related
Materials. 2023;28(3):18-20. doi:10.21748/inform.03.2017.18.

Nadezhda TP, Mariyana GT, Mina T. Polyphenolic content and antioxidant activity of eleven different aromatic
plants used in Bulgarian culinary. ] Tradit Chin Med. 2018;33(6):815-826.

Klingenberg C, Sundsfjord A, Rgnnestad A, Mikalsen ], Gaustad P, Flaegstad T. Phenotypic and genotypic
aminoglycoside resistance in blood culture isolates of coagulase-negative staphylococcifrom a single neonatal
intensive care unit, 1989-2000. ] Antimicrob Chemother. 2004;54(5):889-896.

Whatmore AM, Kapur V, Sullivan D], Musser |JM, Kehoe MA. Noncongruentrelationships between variations in
emm gene sequences and population genetic structure of group A streptococci. Mol Microbiol. 2022;14(4):613-
6109.

Bessen AK, Kalia. Genomic localization of a T serotype locus to a recombinatorial zone encoding extracellular
matrix-binding proteins in Streptococcus pyogenes. Infect Immun. 2002;70(3), :1159-1167.

Moussa IM, Shibl AM. Molecular characterization of methicillin-resistant Staphylococcus aureus recovered from
outpatient clinics in Riyadh, Saudi Arabia. Saudi Med ]. 2009;30(5):612-617.

Caiazza NC, O’'Toole GA. Alpha-Toxin Is Required for Biofilm Formation by Staphylococcus aureus. ] Bacteriol.
2003;185(10):3214-3217.

Koneman EW, Winn WC, Allen SD, Procop GW, Schreckenberger P, Janda WM, Woods GL. Koneman'’s Color Atlas
and Textbook of Diagnostic Microbiology.6th ed. Philadelphia, PA: LippincottWilliams & Wilkins; 2006:211-269.

Kim MY, Seguin P, Ahn JK. Phenolic compound concentration and antioxidant activities of edible and medicinal
mushrooms from Korea. ] Agric Food Chem. 2018;56(16):7265-7270.

963



[16]

[17]

[18]

[19]

[20]

[21]

International Journal of Science and Research Archive, 2025, 16(02), 958-964

Kehoe AM, Whatmore MA. Horizontal gene transfer in the evolution of group A streptococcal emm-like genes:
gene mosaics and variation in Vir regulons. Mol Microbiol. 2019;11(2):363-374.

Chung PY, Toh YS. Anti-biofilm agents: recent breakthroughs against multidrug-resistant Staphylococcus aureus.
Pathogens. 2014;70(3):231-239.

Olafsdottir LB, Erlendsdéttir H, Melo-Cristino ], Weinberger DM, Ramirez M, Kristinsson KG, Gottfredsson M.
Invasive infections due to Streptococcus pyogenes: seasonal variation of severity and clinical characteristics,
Iceland. Euro Surveill. 2014;19(17):5-14.

Maxted WR. The indirect bactericidal test as a means of identifying antibody to the M antigen of Streptococcus
pyogenes. Br ] Exp Pathol. 2020;37(4):415-422.

Ebell MH, Smith MA, Barry HC, Ives K, Carey M. The rational clinical examination. Does this patient have strep
throat? JAMA. 2022;284(22):2912-2918.

Basetti S, Hodgson ], Rawson TM, Majeed A. Scarlet fever: a guide for general practitioners. London | Prim Care.
2017;9(5):77-79.

964



