


Original Research Article
 Antibacterial Efficacy Of Uvaria Chamae Root Extract On Staphylococcus Aureus From Diabetic Foot Ulcers: Validation Of Traditional Use

ABSTRACT
Background: Staphylococcus aureus and other pathogens exacerbating diabetic foot ulcer remain a public health concern worldwide. Treatment of diabetic foot ulcer is a challenge to medical practice and traditional approach has not gained full scientific exposure, hence this in-vitro laboratory based study. Methods:Plant material was collected, identified and analyzed for phytochemicals. 50 samples were collected from diabetic ulcers of consenting subjects and analyzed in the laboratory applying standard microbiological techniques for culturing,isolation and identification of S.aureus.Standard antibiotics were used as control. Results:The result shows that crude extract of Uvaria chamae root yielded  tannins, alkaloids, flavonoids, saponins, steroids and phenols at a qualitative rates of  9.4%, 12.72%, 35.3%,16.4%,9.7% and 16.2% respectively. The biochemical test and PCR test confirmed the identity of S.aureus in clinical samples. Crude extract of Uvaria chamae root elicited antibacterial activity against the S.aureus isolate with mean inhibition zones of 24.1mm,16.2mm,11.5mm and 9.3mm  recorded for 200mg/ml,100mg/ml,50mg/ml and 25mg/ml respectively. The crude extract further recorded MIC of 25mg/ml and MBC of 50mg/ml against S.aureus. The GC-MS result showed eight peak areas representing eight phyto-compounds;out of which 2,5-dimethoxy-p-cyneme with %peak area of 29.8%, benzyl benzoate(21.4%),methyl thymol(14.1%) and s-cadinol(11.3%) are known antimicrobials. 2,5-dimethoxy-p-cyneme being a major component of plant essential oils is a major constituent of flavonoids,alkaloids,tannins,phenol and saponin that  inhibited the isolate,  hence the potential antibacterial activity. Therefore, it is now scientifically exposed that traditional medicinal practice involving the use Uvaria chamae root to eliminate diabetic foot ulcer pathogens stands to achieve results. Uvaria root can therefore be used to synthesize plant based pharmaceuticals to replace current classes of antibacterials whose toxicity, efficacy and emergence of resistance are major bottlenecks limiting successful treatment of diabetic foot ulcer and other bacterial infections. Further studies are needed since these findings are preliminary in vitro laboratory based.
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1.0 Introduction: Bacteria pathogens, especially Stapylococcus aureus exacerbates diabetic foot ulcer via delay of wound healing thereby posing a great public health concern, especially in developing nations like Nigeria where access to holistic health care is still not affordable for low income earners. Scientific burden exists for adequate treatment of diabetic foot ulcer and this warranted the search by some of previous researchers(Young et al.,2023), who worked on procedures involving use of  biological agents like “phage” in management of cases. Hyperglycemia remains a risk factor to development of foot ulcer(Bereda, 2022).  Noteworthy is that diabetic foot ulcer is mainly colonized by Staphylococcus spp and other commensal bacteria which appear as biofilms; an organized multilayered communities surrounded by a self produced protective extracellular matrix organized into functionally equivalent pathogroups( Miereet al.,2021; Zubar et al 2010).Pathogens can achieve delay of wound healing process by impairing epithelialization, disrupting the normal clotting mechanisms or reducing tensile strength of connective tissue(Tarebeet al.,2021).
Bacterial infection of diabetic foot ulcer manifests either as monomicrobial or polymicrobial infection in which gram-positive aerobic cocci especially  staphylococci and/or Streptococci predominate (Lipsky et al 2016; McDermott et al.,2023). It has also been reported that in deep, chronic or complicated infections, Gram-negative bacteria predominates (Turhan et al.,2013). Though, Spichleret al (2015) and Akhi et al (2015) in their studies reported polymicrobial; mostly Staphylococcus spp., Streptococcus spp, Enterococcus spp  in 60 to 80% of cases of diabetic foot ulcer. 
One of the most common pathogens isolated from wounds is Staphylococcus aureus, probably due to its ubiquitious nature which makes it of significant health importance especially among patients suffering diabetic foot ulcer.
Conversely,traditional medicinal use of various plants is on the increase especially in tropical parts of Nigeriaand other areas where orthodox medical services are unaffordable or inadequate. 
Recently in south Eastern Nigeria, the traditional use of Uvaria chamae(traditionally called “mkpuruakanwata” in Igbo) by native Doctors in treatment of diabetic foot ulcer(called “acha ere” in Igbo) as revealed by key informant discussion with sampled native Doctors in the area is gaining more relevance and most diabetic patients prefer it to orthodox medical treatment due to fear of imminent amputation. 
It is a shrub or a small climbing tree whose fruits are berries with sweet taste.Its ethno-pharmacology and non toxicityhas been documented by previous researchers (Yakubu and Fayemo, 2021;Lokonon et al ., 2022). More so, another study has reported the Preliminary phytochemical screening which revealed  the presence of tannins, alkaloids, cardiac glycosides, cyanogenic glycosides, and flavonoids(Olumese et al.,2016). 
However, our present research hinges on the fact that Uvariachamae is used by traditional healers in this part of the world to eliminate wound pathogens exacerbating diabetic foot ulcer, hence the need for volarization of this practice. 
More so, scanty literature exists on the antibacterial properties of the root, which warranted this study designed for scientific exposure of traditional medicinal use of Uvaria chamae against wound pathogens using Staphylococcus aureus from diabetic foot ulcer as a test bacteria.


2.0: Materials and METHODS
2.1 Study Design and study site. This study is an in-vitro laboratory based study.
The Study site is Federal Teaching Hospital Owerri,formally known as Federal medical Centre; located in Imo state which lies between latitude50101 and 50511 North, Longitude 60351 and 70281 East. The hospital serves as a referral centre for many diseases in the area, including ulcerating diabetic wound infections. It also has a special clinic called wound dressing unit where patients who presented with different wound infections like diabetic foot ulcer are attended to.
2.2 Selection of study participants
Patients with active diabetic foot ulcer who registered in the health institution were selected after due informed consent. They were recruited consecutively until the desired sample size of 50 was obtained.
2.3. Inclusion criteria: Patients with active diabetic wound ulcer who registered in the health institution were selected after due informed consent. 
2.4. Exclusion criteria: Patients who are severely ill and were unable to respond to research questions were excluded from the study. 

2.5 Funding. The researcher bore the financial cost of the research. On no account were the participants compelled to make financial contribution to the research.
2.6. Collection of Plant Materials, Identification  and analysis 
Uvariachamaeroot was collected from the flora and fauna of Imo state; and was identified with the aid of a botanist,  Professor F.Mbagwu of the department of plant science and biotechnology, Imo state University. 
2.6.1: Ethanol extracts preparation
The root of Uvaria chamae was mixed and macerated with absolute ethanol at a 1:20 ratio (100 g in 1 L solvent) for 7 days. Then the extract was filtrated through Whatman No 1 filter paper and then followed by rotor- evaporating the supernatant by using Rotary Evaporator to remove the ethanol and to obtain concentrated, oily extract. The crude extract was then kept at -20 ºC in sterile universal bottles for further use.
2.6.2 Phytochemical Screening
Crude extracts of Uvaria chamae root  was screened for the presence and absence of different phytochemical constituents to relate the secondary metabolites with antibacterial activity. Hence, tests for alkaloids, flavonoids, glycosides, phenolic compounds, saponins, sterols, and tannins; including Gas Chromatography-Mass Spectrometry (GC-MS) were carried out following standard procedures(Sharma and Sharma,2010).
2.7 Clinical Sample Collection and analysis
After obtaining informed consent from the subjects, 50 Swab samples were aseptically collected from diabetic foot ulcers using sterile cotton swabs and immediately immersed into peptone water and transported to the microbiology laboratory of Imo State University for analysis according to Cheesborough(2012).
In the Laboratory, the collected swabs were streaked on plates of blood agar and  nutrient agar, incubated at 37°C for 24 hours. After incubation, the plates were examined for colonies and their cultural characteristics. Subcultures were made onto plates of nutrient agar and blood agar,and then incubated for another 24hr. Each pure culture was sub-cultured onto agar slants in bijou bottles and identified by standard techniques (Cheesborough, 2012). 
2.7.1 Gram’s staining
This is a differential staining technique which was used to differentiate microorganism into gram positive and gram negative (Cheesbrough, 2012).
2.7.2   Biochemical test
[bookmark: _Hlk126116776]The bacterial isolates were assayed to test the biochemical or metabolic activities which involves their ability to ferment certain sugar and produce certain enzymes like oxidase, catalase, coagulase, Indole, methyl red, Voges-proskaurer, utilize citrates as their sole carbon source and motility (Baker and Breach, 2015) 

2.7.3: 16SrRNA Identification of the bacteria isolate. 
Applying PCR test, the bacteria isolate was further identified as confirmatory to biochemical identification. The obtained 16s rRNA sequence from the isolate was assessed for exact match for highly similar sequences from the NCBI non-redundant nucleotide (nr/nt) database.
2.8. Inoculum Preparation/Standardization 
The clinical isolate was inoculated and spread on prepared agar plates using inoculating wire loop following aseptic condition and incubated for 24 hr at 37°C. Then, the bacterial turbidity of each species was prepared and standardized by following the guideline of Clinical and Laboratory Standard. The test suspension was standardized to match 0.5 McFarland turbidity standard which corresponds to approximately 1 × 108 CFU/ml.
2.9. Antibacterial assessment of dilution solvent (DMSO).
 Solvent for serial dilution of extract for the antibacterial susceptibility test was assessed before the solvent is chosen for MIC assay. The purpose of carrying out this investigation is to ensure that the chosen solvent did not contain antibacterial property that could interfere with the MIC assay. The step of this assay was performed by following the same procedure of the MIC assay. 5ml of each solvent was added to 5ml standardized bacterial suspension in tube that was adjusted similarly to Mcfarland turbidity standard (final cell count of approximately5 x105 CFU/ml). After 24 hours incubation, the tube content was streaked onto MHA to observe for bacterial growth. Absence of growth indicates toxicity of the dilution solvent to test bacteria while presence of growth indicates non-toxicity of the solvent.
2.10: Agar well diffusion.Agar well diffusion method was used evaluate the antibacterial activity of the crude extracts of Uvaria chamae. Using a sterile wire-loop, 3-5 well isolated colonies of the test organism were touched and emulsified into about 3 ml of physiological saline. Turbidity of the suspension of test organism was compared with Mcfarland turbidity standard. Using a sterile swab stick, the test organism was inoculated onto sterile prepared nutrient agar media. The inoculated plates were allowed to stay for about 3-5 minutes for the surface of the agar to air-dry. The standardized bacterial broth culture was streaked evenly on sterile Nutrient agar plates with a cotton swab. After thirty minutes, on each plate, equidistant wells were made with a 6mm diameter sterilized cork borer. The labeled wells were filled with 0.1ml of 200mg/ml,100mg/ml,50mg/ml,25mg/ml and 12.5mg/ml of test extract. Then, the plates were allowed to stand on the laboratory bench for 2 hours to allow proper diffusion of the extracts into the media. Finally, the plates were incubated at 37°C for 24 hr. After incubation, the resulting diameters of zones of inhibition, including the diameter of the well, were measured using a transparent metric rule and reported in millimeter (mm).  The experiment was performed in three independent tests and the mean of zones of inhibition was calculated for each test extract and the standard antibiotic. Inhibition zone diameter measuring 8.0mm and below were regarded as insignificant and resistant while those measuring 9mm and above were regarded as significant and reported as sensitive or susceptible.
2.11 Determination of Minimum Inhibitory Concentration(MIC) and minimum bactericidal concentration(MBC). 
The minimum inhibitory concentration (MIC) of individual and combined plant extracts were determined by tube dilution method. Two fold serial dilutions of the extract was made with nutrient broth. Extract solution of 2g/10ml was serially diluted in five test tubes to the concentrations of 200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and 12.5mg/ml. Microbial suspension of 1 ml was added to each of the tubes and incubated at 37°C for 24 hr. Two control tubes were not added test extract but contained the test bacteria and the sterile DMSO used to dissolve the extracts. After incubation, the visual turbidity was observed and recorded. The lowest concentration in which the turbidity was not observed was measured as a MIC of the extracts while MBC was measured by plating 1ml of MIC and the next higher concentration on freshly prepared nutrient agar to observe for growth.MBC was taken as the least concentration in which there was no visible growth.



3.0 Results
The qualitative phytochemical screening of Uvariachamae root.
Table 1 presents the result of qualitative and quantitative phytochemicals screened from Uvariachamae root. The result shows that crude extract of Uvariachamaerootyielded tannins, alkaloids, flavonoids, saponins, steroids and phenols,  then negative for reducing sugars, cardiac glycosides and terpenoids. 
Conversely, theresult of quantitative analysis shows the presence of tannins, alkaloids, flavonoids, saponins, steroids and phenols at a qualitative rates  of9.4%, 12.72%, 35.3%,16.4%,9.7% and 16.2% respectively. Chi square test showed a significant statistical difference between the various concentrations of the phytochemicals (p<0.05).
Table 2 shows the GC-MS result of the crude extract of Uvariachamae root. Eight peak areas representing eight specific chromatographs(phytochemicals or compounds) were identified. The area under each chromatographic peak was calculated in percentage as a representation of the abundance of each compound which was further identified by comparing their molecular weight and formula with that of PubChem data base. The identified compounds are methyl thymol(C11H16O), S-cadinol(C15H26O), benzyl benzoate(C14H12O2), 
2,5-dimethoxy-p-cyneme(C12H18O2), 2-Nitrobenzaldehyde (C7H5NO3), Malic acid(C4H6O5), Hexadecanoic acid methyl ester(C17H34O2), andL-aspartic acid(C4H7NO4);with percentage peak area(%PA) of 14.1%, 11.3%, 21.4%, 29.8%, 6.7%, 5.4%, 7.9% and 3.4% respectively.  
The highest peak area(29.8%) is recorded for  2,5-dimethoxy-p-cyneme(C12H18O2),   followed by benzyl benzoate(21.4%),methyl thymol(14.1%) and s-cadinol(11.3%) while the least peak area is recorded for L-aspartic acid(3.4%).The details on the respective chemical identification numbers and the retention times of the compounds are shown in table 2. Significant statistical difference is observed among the various percentage peak areas and the retention times of the identified compounds (P<0.05).

Tables 3a and 3b presents the identification of the test isolate through biochemical test and PCR test. The colonial characteristics on nutrient agar highlighted a smooth round colony with glisteringappearance while microscopy revealed cocci in singles and clusters. Biochemical test confirmed the identity of S.aureus which was further complimented by PCR test for molecular identity of Staphylococcus aureus. PCR test showed the presence of NUC gene which is a house keeping gene with band of 279bp; and MecAgene(resistant gene) with band of 533bp.

Table 4 shows the antibiotic susceptibility test of the isolated S.aureus. From the result, it is noted that the bacteria was resistant to three antibiotics, namely  Cefuroxime 30 µg,  Streptomycin 30 µg, and  Amoxyl 30 µg, though sensitive to six antibiotics as detailed in table 4. 
Table 5 shows the susceptibility of the S.aureus to different concentrations of ethanol extract of Uvariachamae root. The minimum inhibitory concentration(MIC) is 25mg/ml while the minimum bactericidal concentration(MBC) is 50mg/ml. Mean inhibition zone diameters of 24.1mm,16.2mm,11.5mm and 9.3mm were recorded for 200mg/ml,100mg/ml,50mg/ml and 25mg/ml of the crude ethanol extract respectively .There was no visible inhibition zone for 12.5mg/ml of the extract and 10% DMSO which was used as a control.











Table 1:  The qualitative and quantitative phytochemical analysis of crude extract of Uvariachamae  root.
	Phytochemical            Test result           %composition

	Tannins                          +                          9.4
Alkaloids                        +                         12.7
Flavonoids                      +                          35.3
Saponins                         +                          16.4
Steroids                          +                          9.7
Phenols                            +                          16.2 
Reducing sugar                -                           0
Cardiac glycoside             -                           0
Terpenoids                        -                           0









Table 2. Gas chromatography-mass spectromertry(GC-MS) analysis of  crude extract of Uvariachamae  root.
	Peak          RT(mins)             PA(%)                 PubChem ID                 Name of compound                            Mol.wt(g/mol)             Mol.Formula

	1.              6.82                     14.1                     14104                              methyl thymol                                       172.25                         C11H16O           
2.              9.33                    11.3                      6428423                          s-cadinol                                                222.37                         C15H26O
3.               1.7                      21.4                      2345                             Benzyl benzoate                                     212.24                          C14H12O2                   
4.             7.02                     29.8                      6427071                      2, 5- dimethoxy-p-cymene                      194.27                          C12H18O2 
5.             2.9                        6.7                       11101                             2-Nitrobenzaldehyde     151.12                       C7H5NO3
6.             3.08                       5.4                      525                                Malic acid                                              134.09                         C4H6O5          
7.            9.17                        7.9                     8181                        Hexadecanoic acid methyl ester             270                       C17H34O2               
 8.          11.41                       3.4                     5960                              L-aspartic acid                             133.103                   C4H7NO4

	





Table 3a: Biochemical Identification of the bacteria isolate
	Serial Number



	Colonial
characteristics


	
Shape
	
	Biochemical test

	



	
	
	
	(Microscopy)
	Citrate
	Grams reaction
	Motility
	Coagulase
	Methyl  red
	Oxidase


	Lactose
	Glucose
	Haemolysis
	Voges  proskaurpproskauer
	Indole
	Catalase
	20% bile
	Possible
Organism
	

	1

	Smooth,round,       
raised and 
glistening.
	Cocci in singles         and clusters
	+
	+
	-
	+
	+
	-
	+
	+
	+(β)
	+
	-
	+
	-
	Staphylococcus
aureus
	


Key: + =Positive reaction; - = Negative reaction

	
Table 3b:  Molecular identification of the bacteria isolate.

	Isolate ID                Gene        Band                    Gene type                      Inference                 



    A                NUC                 279bp                    House keeping gene          
                             Mec A             533bp                    Resistance geneS.Aureus present











	Table 4: Susceptibility of theS.aureusto test antibiotics

	Antibiotics                                                           Susceptibility
	















	Ciprofloxacin 10µg                                                      S        

 Erythromycin 30 µg                                                    S      

Levofloxacin 20 µg                                                      S  

Cefuroxime 30 µg                                                        R 

Rifampicin 20 µg                                                         S 

Ceftaxidime 30 µg                                                       S                    

Streptomycin 30 µg                                                     R 

Azithromycin 30 µg                                                     S 

Amoxyl 30 µg                                                              R  
	S= sensitive; R=resistant, I=Intermediate



	








Table 5: Susceptibility of the S.aureusto ethanol extract of Uvariachamaeroot.
	 Extract concentration             Mean inhibition zone diameter(mm)         MIC(mg/ml)       MBC(mg/ml)                      

	200mg/ml                                                              24.1                             25                          50
100mg/ml                                                              16.2                                                           

50mg/ml                                                                11.5

25mg/ml                                                                9.3

12.5mg/ml                                                              0         

DMSO(10%)                                                         0        


MIC=minimum inhibitory concentration; MBC=minimum bactericidal concentration.








4.0 Discussion
4.1 The qualitative and quantitative phytochemicals of Uvaria chamae root. 
The present result shows that crude extract of Uvaria chamae root yielded tannins, alkaloids, flavonoids, saponins, steroids and phenols. This indeed  depicts  that  Uvaria chamae is rich in phytochemicals most  of which has been reported to be of immense pharmaceutical values, especially as an antimicrobial. Alkaloid and flavonoids are known for anti- inflamatory, antioxidant and antibacterial activities as reported by previous researchers (Fayemo,2021).Presence of tannins, alkaloids, flavonoids, and saponins, indicates that Uvaria chamae root contains pytochemicals known to be of medicinal importance to man, though its medicinal potential is already harnessed by traditional healers who use it in different parts of the world,especially in rural areas to treat various ailments including diabetic foot ulcer as observed in the field during the course of this study. 
Our present findings is in tandem with the result of Yakubu and Fayemo(2021) and Olumese (2016)who reported that Flavonoids, alkaloids and tannin can cause bacterial cell death or growth inhibition. 



4.3: Gas chromatograpy-mass spectrometry(GC-MS) technique. 
One of the identified compounds namely, 2,5-dimethyl-p-cymene or thymohydroquinone dimethyl ether with pubchem ID-6427071 which yielded the  highest percentage peak area(29.8%) is a major component of plant essential oils as supported by previous reports(Joshi, 2013; Yakubu and Fayemo.,2021) with known antibacterial activity(Yakubu and Fayemo.,2021; Sharifi-Rad  et al.,2017). 
Since it is a major constituent of flavonoids,alkaloids,tannins,phenol and saponin(Magaretet al.,2023) that  were also identified in the crude extract which elicited antibacterial activity against the isolate with MIC of 25mg/ml and MBC of 50mg/ml.
It therefore implies that 2,5-dimethyl-p-cymene or thymohydroquinone dimethyl ether spreads its spectra  on flavonoids, tannins, alkaloids saponins, steroids and phenols hence their potential antibacterial activity as evidenced in this present study which is demonstrated with Uvariachamae;an indigenous traditional plant used in treating diabetic foot ulcer and other diseases.
The inherent bio-compound(2,5-dimethyl-p-cymene)  therefore can be used to synthesize plant based drugs which will replace current classes of antibacterial agents whose toxicity; efficacy and emergence of resistance are major bottlenecks limiting successful treatment of diabetic foot ulcer and other bacterial infections.
This present result underscores the antibacterial significance of Uvaria chamae root extract thereby bringing this traditional plant to the fore as source of antibacterial agents identified in this study as phytochemicals. This our present result has made a scientific exposure of this tropical plant and its traditional use to eliminate wound pathogens especially diabetic foot ulcer associated S.aureus.

4.4: Antibiotic Susceptibility Pattern of the bacteria isolated from the foot ulcer.
This present study also revealed that the S.aureus isolate of diabetic foot ulcer;though sensitive to six of the test antibiotics also resisted threewhich include  Cefuroxime 30 µg,  Streptomycin 30 µg, and  Amoxyl 30 µg. Antibiotic resistance noted in this study probably might be a potential factor aiding the bacteria to progress in virulence and subsequence delay of wound healing.  Previous researchers (Adeyemo et al., 2021; Matta-Gutierrez et al., 2021; Zubair et al .,2010) have also reported similar results which corroborates that of our present findings.
It is therefore recommended that diabetic patients should be enlightened on the risk of abuse of antibiotics which is likely to worsen their prognosis. Healthcare providers should also ensure adequate and prerequisite antibiotics required for wound dressing so as to prevent drug resistance which likely delays wound healing leading  to complication. Health sector should further intensify effort in campaign against abuse of antibiotics and its consequences.

4.5: The susceptibility of the bacteria isolates to Uvariachamae root extract.
The susceptibility of the Staphylococcus aureus  isolate to different concentrations of ethanol  extract of Uvariachamae rootrevealed that the bacteria is inhibited by a minimum concentration of 25mg/ml while the minimum bactericidal concentration is 50mg/ml which shows that crude extract of Uvariachamae has the potential of eliminating the pathogen.The presence of alkaloids, tannins and flavonoids in Uvariachamae root extract as also evidenced by the result of our present study further underscores its inhibitory potential on the bacteria isolate of diabetic foot ulcer. This result buttressed the fact that Uvariachamae root extract contains phytochemicals with inherent antibacterial activity hence the local use by traditional healers in treating diabetic foot ulcers. Our present result however supports the report of Previous researchers (Kayaba et al.,2024) who also documented inhibition capacity of root extract of Uvariachamae against bacteria pathogens.
4.6 Conclusion: From the result of this present study, it is evident that crude extract of Uvaria chamae has the potential to elicit inhibitory activity and subsequent bactericidal effects on S.aureus and probably other bacteria species colonizing diabetic foot ulcer. This indeed underscores the medicinal advantage of this plant supporting its hitherto traditional use which might be ascribed to the inhibition effect of the extract on the bacteria isolate. Antibacterial activity of the crude extract therefore points to the presence of the identified compounds such as metyl thymol, S-cardinol, 2,5-dimethyl-p-cymene and hexadecanoic acid which has underscored  the medicinal importance as supported by previous researchers(Yakubu and Fayemo.,2021). 
We recommend aggressive aforestation aiming at reintroducing this plant to the fauna and flora of our environment where it is depleting among plant population. Traditional medicinal practice therefore should be encouraged through scientific researcher by ensuring synergy between traditional medicinal practice and scientific discoveries.
Finally, this study has to some extent validated traditional medicinal practice of using Uvariachamae in treating diabetic foot ulcer in South Easter Nigeria.
Limitations of the study: Major limitation of the study is that it is preliminary laboratory based which focused on monobacteria ie single organism.
consent :Informed consent was obtained from all study participants after the objectives of the study were explained to them. 

Ethical approval:
 Ethical approval was gotten from the ethical committee of federal teaching hospital Owerri prior to sample collection (FTH/OW/HREC/VOL.1/109).
[bookmark: _GoBack]Disclaimer(Artificial intelligence): Authors hereby declare that no generative AI technologies such as large language models and text–to–image generators have been used during the writing or editing of this manuscript.
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