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ABSTRACT

Background: Biosafety practices and following standard operating procedures (SOPs) are integral parts of molecular diagnostic laboratories. This
study assessed the knowledge of biosafety cabinets, compliance to PCR laboratory SOPs, laboratory safety competency among undergraduate
medical students and factors associated with better laboratory competency. Methods: A cross-sectional analytical study (n=90) used structured
questionnaires designed to gather data on biosafety cabinet knowledge, compliance with PCR laboratory SOP, awareness of contamination
prevention, and laboratory safety practices. Participant characteristics and competency scores were described in terms of descriptive statistics.
Independent-samples t-tests and Pearson correlation analysis were used (p value < 0.05, SPSS v.25.0). Results: 84.4% of the participants knew the
term biosafety cabinets, but only 54.4% of them recognized the correct functions of a Class II biosafety cabinet. The percentage of students using
high level biosafety cabinet was 33.3%. The average laboratory competence score was 27.9 + 4.8 of 40. Students who have received biosafety training
scores significantly higher in their SOP compliance (7.4 + 1.6) compared to untrained students (5.8 + 1.9, p < 0.001). The overall competency was
significantly correlated with SOP compliance (r = 0.63, p < 0.001), biosafety knowledge with SOP compliance (r = 0.56, p < 0.001), and laboratory
exposure was significantly correlated with biosafety knowledge (r = 0.44, p < 0.001). Conclusion: The competency of undergraduate medical
students in biosafety and PCR laboratory practices were moderate, and there were significant deficiencies in the practices of the biosafety cabinets
and in the compliance of the PCR workflow.

Keywords: Biosafety; Biosafety Cabinet; PCR Laboratory; Standard Operating Procedures; Laboratory Safety; Medical Students; Molecular
Diagnostics; Laboratory Competency.

In the present day, the use of molecular diagnostic techniques has gained importance in healthcare, and it has been observed that

laboratory biosafety and the proper implementation of standard operating procedures (SOP) are of great significance !. Polymerase chain

reaction (PCR) is one of the most commonly applied molecular techniques to detect, characterize and monitor infectious and genetic

diseases 2. The accuracy and reliability of PCR-based testing relies, not only on technical expertise, but also on adherence to biosafety
protocols that are in place to minimize cross-contamination, protect individuals and preserve the integrity of the specimen 3.

Biosafety cabinets (BSC's) are one of the most basic components of laboratory safety equipment and are very common in laboratories where
there are potentially hazardous biological materials present *. Workers in molecular and clinical laboratories need to have a proper understanding
of the classifications of biosafety cabinets, airflow systems, personal protective equipment (PPE), and decontamination protocols. In the same
way, the use of the PCR laboratory SOPs — such as handling samples properly, segregation of pre and post PCR areas 3, the prevention of aerosol
contamination and the management of reagents — is also critical in guaranteeing valid and replicable laboratory results °.

Medical students are more and more exposed to learning activities in a laboratory throughout their undergraduate studies ’. As future health care
workers, they will become competent in laboratory safety procedures and become familiar with molecular diagnostic procedures . However,
even though laboratory training is getting more and more attention, shortcomings regarding biosafety awareness and compliance with SOP of
students and laboratory trainees have been reported °. Failure to understand how to operate the biosafety cabinet or PCR workflow procedures
could lead to laboratory contamination, inaccurate diagnosis and laboratory worker exposure to biological hazards '°
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Assessment of the biosafety knowledge and laboratory practices among undergraduate medical students is hence, important to know the gaps in
knowledge and enhance competency-based laboratory training. Greater knowledge about these factors can help institutions to create specific
biosafety education programs and improve the practical preparedness in laboratories. So, the present study was to evaluate the knowledge of
Biosafety Cabinet, compliance of the SOP for PCR laboratory, laboratory safety competency among undergraduate medical students and to
examine the correlation between biosafety training, laboratory practices and overall competency score.

METHODOLOGY

A cross-sectional analytical study was carried out to evaluate biosafety knowledge, the compliance of standard operating procedure (SOP) of
PCR laboratory among undergraduate medical students and laboratory safety competency. The study was conducted in a medical college with its
laboratory learning facilities for a period of three months (from January to March 2026). All participants signed an informed consent before
entering the study. The information collected was kept confidential during this study. The study was carried out in compliance with the ethical
principles of the Declaration of Helsinki and institutional research guidelines.

The study population included undergraduate medical students in different academic year. There were 90 students involved in the study.
Students currently enrolled in medical program who were willing to provide informed consent were included. Students who did not participate
and students who missed the data collection period were not included. To achieve the representation of different academic years, a stratified
convenience sampling method was employed. Eligible students were invited to participate voluntarily, and informed consent obtained before
data collection. Structured, self-administered questionnaire was designed based on available biosafety and molecular laboratory guidelines to
gather data. The questionnaire was divided into four parts. The questions in Section I addresses demographic and educational characteristics.
Data on age, gender of students, academic year, prior laboratory experience, and participation in formal biosafety training was gathered in this
section. The Student will learn about biosafety cabinets and their usage. The student will learn about the knowledge and practices of biosafety
cabinets.

Questions measured biosafety cabinet awareness (categories I, 11, III), principles of airflow, use of UV sterilizers, PPE and proper operating
procedures. Sample collection for this incident occurred at the PCR Lab. For this incident, samples were taken in the PCR laboratory. This
section assessed practices undertaken in the key pre-PCR and post-PCR areas of compliance, sample labelling, handling of filter pipette tips,
dedicated use of equipment, contamination control, reagent handling and waste disposal. Participants filled out the questions dealing with
laboratory safety, contamination prevention awareness, incident management, and overall competency of the laboratory. A score of one point
was given for a correct answer and zero points for an incorrect and/or negative answer. The scores were combined to form composite scores of
biosafety cabinet knowledge, PCR SOP compliance, laboratory safety practices and overall laboratory competency. The higher the scores, the
better the knowledge and compliance. The overall competency scores were classified as Medium competency: 50-59% of the total score,
Competent: 76-90% of total score and Extremely Competent: 75% or more of total score.

To ensure content validity, the questionnaire was pretested by three faculty members working in the field of microbiology, molecular diagnostics
and laboratory biosafety. A feasibility and clarity study was done with 10 students with a pilot study. The internal consistency of the instrument
was tested by Cronbach's alpha, and the results were quite acceptable with o= 0.84. The data were compiled and analyzed by SPSS version 26.0.
Frequency, percentage, mean and standard deviations were used to present descriptive statistics. Independent-samples t-tests were used for
comparing the scores of PCR SOP compliance based on biosafety training. Pearson correlation analysis was used to assess correlations between
biosafety knowledge, SOP compliance, and exposure to the laboratory, academic year, and competency scores. A p value of < 0.05 was deemed
to be statistically significant.

RESULTS

The total number of undergraduate medical students involved in the study were 90. The female students (53.3%) outnumbered the males (46.7%)
in the sample. Almost half (48.9%) of the participants were between the ages of 21 and 23 years. The distribution with regard to academic years
was fairly even, with 26.7% of the study population in third year and 26.7% in their final year. Prior laboratory training of most participants
(74.4%) and formal biosafety training sessions of about 2/3 of the participants (64.4%) (Table I).

Table I: Demographic and Laboratory Training Characteristics (n = 90)

Variable Category n (%)
Gender Male 42 (46.7)
Female 48 (53.3)
18-20 28 (31.1)
Age Group (years) 21-23 44 (48.9)
>23 18 (20.0)
Ist Year 20 (22.2)
. 2nd Year 22 (24.4)
Academic Year 3rd Year 24 (26.7)
Final Year 24 (26.7)
Prior Lab Training IS\{I(e)s g; ggg;
Biosafety Training Attended IS\{IES gg gggg;

Most students (84.4%) indicated knowledge of biosafety cabinets, but not so much in detail. The appropriate functions of a Class II biosafety
cabinet was correctly identified by only 54.4% and airflow principles were correctly understood by 57.8%. 51.1% reported using appropriate
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ultraviolet sterilization procedures (UPS). Students wearing proper PPE during cabinet operation was found in 61.1% of them. The composite
assessment revealed that 33.3% had high level of biosafety cabinet practice and 21.1% had low level biosafety cabinet practice, which means
there were significant gaps in practical biosafety competency (Table II).

Table II: Biosafety Cabinet Knowledge and Practice Patterns

Parameter Category n (%)
. . Yes 76 (84.4)
Awareness of Biosafety Cabinets No 14 (15.6)
. . . Correct 49 (54.4)
Correct Identification of Class II Cabinet Incorrect 41 (45.6)
. L Correct 52 (57.8)
Knowledge of Airflow Direction Incorrect 38 (42.2)
e Yes 46 (51.1)
Proper Use of UV Sterilization No 44 (48.9)
. . Adequate 55(61.1)
Correct PPE Usage Inside Cabinet Inadequate 35(38.9)
High 30(33.3)
Overall Biosafety Cabinet Practice Level Moderate 41 (45.6)
Low 19 (21.1)

Table III shows that there were differences in compliance with PCR laboratory standard operating procedures between the measured domains.
Labeling of samples for analysis, reagent storage and separation of pre-PCR area for maintenance, had the highest compliance rates, with 78.9%,
73.3% and 68.9% respectively. Aerosol contamination prevention measures and post-PCR handling procedures were comparatively low (54.4%
and 50.0% respectively). In conclusion, the overall percentage of students' SOP compliance was 42.2%, indicating that there are opportunities
for improvement in the molecular laboratory workflow practices.

Table I1I: PCR Laboratory SOP Compliance Indicators

SOP Component Compliance Rate n (%)
Pre-PCR area separation maintained 62 (68.9)
Use of filter pipette tips 58 (64.4)
Dedicated pipettes for PCR steps 53 (58.9)
Proper sample labeling 71 (78.9)
Avoidance of aerosol contamination 49 (54.4)
Post-PCR handling protocol followed 45 (50.0)
Proper reagent storage compliance 66 (73.3)
Overall SOP Compliance (High level) 38 (42.2)

Students achieved the highest mean score in laboratory safety practices (7.4 + 1.6), followed by biosafety cabinet knowledge (7.1 + 1.8). Scores
for contamination prevention awareness (6.9 = 1.9) and PCR SOP compliance (6.6 = 2.0) were comparatively lower. The mean overall
laboratory competency score was 27.9 + 4.8 out of a maximum possible score of 40, reflecting a moderate level of competency in laboratory
biosafety and molecular diagnostic procedures among the study participants as presented in Table IV.

Table IV: Laboratory Biosafety and PCR Competency Scores

Domain Mean + SD Max Score
Biosafety Cabinet Knowledge Score 7.1+18 10
PCR SOP Compliance Score 6.6+2.0 10
Laboratory Safety Practice Score 74+1.6 10
Contamination Prevention Awareness 69+19 10
Overall Laboratory Competency Score 27.9+4.8 40

Students who had received formal biosafety training demonstrated significantly higher PCR SOP compliance scores compared with those who
had not received such training (7.4 + 1.6 vs. 5.8 + 1.9). Independent-samples t-test analysis revealed a statistically significant difference between
the two groups (t =4.21, p < 0.001) (Table V). These findings suggest that biosafety training plays an important role in improving adherence to
molecular laboratory standard operating procedures.

Table V: Comparison of SOP Compliance by Training Status

Training Status Mean SOP Score = SD t-value  p-value
Trained (n=58) 74+£1.6 4.21 <0.001*
Not Trained (n=32) 5.8+£1.9

Correlation analysis demonstrated significant positive relationships among major laboratory competency indicators is presented in Table VI.
The strongest correlation was observed between SOP compliance and overall laboratory competency (r = 0.63, p < 0.001), followed by biosafety
knowledge and SOP compliance (r = 0.56, p < 0.001). Biosafety training was positively associated with SOP compliance (r = 0.49, p < 0.001),
while laboratory exposure was significantly correlated with biosafety knowledge (r = 0.44, p < 0.001).

Table VI: Correlation between Key Laboratory Variables
Variable Pair r value p-value
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Biosafety knowledge vs. SOP compliance 0.56 <0.001*

SOP compliance vs. overall competency 0.63 <0.001*
Biosafety training vs. SOP compliance 0.49 <0.001*
Academic year vs. competency score 0.38 0.002*

Lab exposure vs. biosafety knowledge 0.44 <0.001*

Academic year also showed a moderate positive association with competency scores (r = 0.38, p = 0.002), indicating progressive improvement
in laboratory competency with advancing medical education.

DISCUSSION

The present study aimed at assessing the biosafety knowledge, adherence to the standard operating procedures (SOPs) for PCR laboratory and
competency of undergraduate medical students. The results showed that structured biosafety education and practical laboratory training are
important to enhance competency among future health care professionals. The moderate level of biosafety knowledge found in the present study
is similar to that found in previous studies of medical and laboratory science students '''2. Similar to the previous studies, the theoretical
knowledge of students about the basic concepts of biosafety in the laboratory is good, but the practical knowledge of operating biosafety
cabinets and preventing contamination is limited !*. Lack of knowledge about the mechanisms of airflow, the use of personal protective
equipment and cabinet maintenance has also been reported in academic laboratory settings '4!°. Only 54.4% of the participants correctly
identified the functions of a Class II biosafety cabinet, which is consistent with previous reports that show a lack of practical biosafety
competency among trainees '°. These deficiencies are concerning because the use of a biosafety cabinet could affect the safety of the operator
and the integrity of the specimens !".

The present study also revealed moderate compliance with the PCR laboratory SOPs with lower compliance was noted in aerosol contamination
prevention and post-PCR handling procedures. A similar situation is observed during molecular diagnostic training programs, where
contamination control is often cited as a problematic part of PCR workflow management '®. Laboratory contamination and reduced diagnostic
accuracy are also highlighted concerns due to poor SOPs in previous studies, with an increased risk of false-positive results if SOPs are not
followed >, Increased compliance with sample-labelling and reagent storage seen in the present study may be attributed to increased focus on
these procedures in routine laboratory instruction. Similar findings have been reported for laboratory trainees 2!, and students in the health
sciences where adherence to routine procedures was higher than adherence to contamination control 2. The observations here indicate that there
are potential benefits of dedicated training on contamination prevention as well as dedicated training on workflow segregation, in order to
improve the performance of molecular laboratories 2.

A significantly higher compliance was shown by the students who have received formal biosafety training compared to the students who have
not received any biosafety training which corroborates earlier findings of the efficacy of structured biosafety education programs. The same
positive effects on lab performance after biosafety training have been reported in medical students, lab workers, and health care workers 242, In
addition, the high correlation among biosafety knowledge, compliance with SOPs and competency suggest that competency in the laboratory is
multifaceted and builds from the combination of knowledge, competence in practice, and frequent exposure to the laboratory 2°. The overall
positive trend of competency scores with the academic year further validates previous results showing that performance in the laboratory
increases with years of experience and advancement in education 7.

This study has several limitations that should be taken into consideration when interpreting the findings. The cross-sectional design does not
allow causal relationships between biosafety training and laboratory competency. Second, the data were obtained by self-report questionnaires,
and could be influenced by recall and response errors. Thirdly, the study took place in one institution, which may make the results difficult to
generalize. It is recommended that future multicenter studies be conducted, incorporating direct observation of laboratory practices, and
longitudinal assessment of competency development, to gain a fuller understanding of biosafety training outcomes among undergraduate
medical students.

CONCLUSION

The present study showed the undergraduate medical students had moderate knowledge regarding biosafety, moderate compliance with PCR
laboratory SOP and moderate laboratory competency. While awareness of biosafety cabinets was generally good there were gaps in
understanding what biosafety cabinets are, how they prevent contamination, and how they are used in critical PCR procedures. Furthermore,
laboratory exposure and academic year was associated with higher competency levels. The results highlight the importance of providing
integrated biosafety education and experiential training in the molecular laboratory in undergraduate medical education.

Acknowledgement

None
Conflict of Interest
None

Grant Support & Funding Source

I}

Journal of Bi iles, Pathog is and Therapeutics. 2(2): June, 2026 75




None

Use of Artificial Intelligence

The corresponding author declared that no other artificial intelligence or Al-assisted tools were used anywhere in this manuscript.

Authors’ Contribution

MK,
equal

S, KA: conceptualization, data collection, statistical analysis, drafting, critical review and final approval. All Authors contributed
ly as per ICMIJE.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Liu Q, Jin X, Cheng J, Zhou H, Zhang Y, Dai Y. Advances in the application of molecular diagnostic techniques for the detection of
infectious disease pathogens (Review). Mol Med Rep. 2023 May;27(5):104. https://doi.org/10.3892/mmr.2023.12991

Kojabad AA, Farzanehpour M, Galeh HEG, Dorostkar R, Jafarpour A, Bolandian M, et al. Droplet digital PCR of viral DNA/RNA,
current progress, challenges, and future perspectives. J Med Virol. 2021 Jul;93(7):4182-4197. doi: 10.1002/jmv.26846. Epub 2021 Mar 11.
Erratum in: J Med Virol. 2024 May;96(5):¢29632. https://doi.org/10.1002/jmv.29632

Ashmi M, He C, Drobniewski F. Can immuno-PCR (IPCR) transform bacterial disease diagnostics? Expert Rev Mol Diagn. 2024
Oct;24(10):927-936. https://doi.org/10.1080/14737159.2024.2413556

Jagtap GA, Badge A, Kohale MG, Wankhade RS. The Role of the Biosafety Cabinet in Preventing Infection in the Clinical Laboratory.
Cureus. 2023 Dec 29;15(12):e51309. https://doi.org/10.7759/cureus.51309

Frey G, Robertson C, Krishnan J. Decontamination Validation of a Class II Type A2 Biosafety Cabinet during Laboratory Fumigation.
Appl Biosaf. 2020 Mar 1;25(1):48-52. https://doi.org/10.1177/1535676019890975

Saini RS, Binduhayyim RIH, Mosaddad SA, Heboyan A. Strategies for preventing aerosol-generated microbial contamination in dental
procedures: A systematic review and  meta-analysis. Am J Infect Control. 2025  May;53(5):638-647.
https://doi.org/10.1016/j.ajic.2025.02.001

Prashant A, Devegowda D, Vishwanath P, Nataraj SM. Impact of experiential learning among medical undergraduates: A randomized
controlled trial. J Educ Health Promot. 2020 Nov 26;9:306. https://doi.org/10.4103/jehp.jehp 462 20

Abu-Siniyeh A, Al-Shehri SS. Safety in Medical Laboratories: Perception and Practice of University Students and Laboratory Workers.
Appl Biosaf. 2021 Sep;26(Suppl 1):S34-S42. https://doi.org/10.1089/apb.20.0050

Cornish NE, Anderson NL, Arambula DG, Arduino MJ, Bryan A, Burton NC, et al. Clinical Laboratory Biosafety Gaps: Lessons Learned
from Past Outbreaks Reveal a Path to a Safer Future. Clin Microbiol Rev. 2021 Jun 16;34(3):e0012618.
https://doi.org/10.1128/CMR.00126-18

Long Y, Chang F, Yang F, Hou Y, Mo Z, Diao Q. Biosafety risk assessment and risk control of clinical laboratory in designated hospitals
for treating COVID-19 in Chongqing, China. Am J Infect Control. 2022 Sep;50(9):999-1005. https://doi.org/10.1016/j.ajic.2022.05.028
Ali MT, Mahmud S, Mohsin M, Mian AU, Islam A, Ahmed FF. Knowledge, attitude, and practices toward food safety among students in
Bangladesh: A cross-sectional web-based study. Heliyon. 2023 Mar 24;9(4):e14762. https://doi.org/10.1016/].heliyon.2023.e14762
Kéroglu M, Altindis S, Aydemir O, Yiiksel B, Demiray T, Erkorkmaz U, et al. Mikrobiyoloji Laboratuvarlarinda Calisan Giivenligi ve
Biyogiivenlik Uygulamalar1 Agisindan Tiirkiye’de Cok Merkezli Bir Degerlendirme [Employee Safety and Biosafety Applications in
Microbiology Laboratories; A  Multicenter Evaluation in Turkey]. Mikrobiyol Bul. 2020 Jul;54(3):347-367. Turkish.
https://doi.org/10.5578/mb.69634

Mehrok S, Belsiyal CX, Kamboj P, Mery A. The use of physical restraints- knowledge and attitude of nurses of a tertiary care institute,
Uttarakhand, India. J Educ Health Promot. 2020 Mar 31;9:77. https://doi.org/10.4103/jehp.jehp_451 19

Pillai SP, Bradberry S, Newcomer M, Pittas T, Mathern K. A framework for personal protective equipment use in laboratories: regulatory
compliance and employee protection. Front Public Health. 2025 Jul 17;13:1586491. https://doi.org/10.3389/fpubh.2025.1586491

Reis A, Silva V, Joaquim JJ, Valadares L, Matos C, et al. Health Effects of Ergonomics and Personal Protective Equipment on
Chemotherapy Professionals. Curr Oncol. 2025 Oct 8;32(10):563. https://doi.org/10.3390/curroncol32100563

Davwar PM, Luka DP, Dami DF, Pam DD, Weldon CT, Brocard AS, et al. One Health epidemic preparedness: Biosafety quality
improvement training in Nigeria. Int J One Health. 2023 Jan-Jun;9(1):10-14. https://doi.org/10.14202/ijoh.2023.10-14

Bajjou T, Ennibi K, Amine IL, Mahassine F, Sekhsokh Y, Gentry-Weeks C. Role of Training and Experience in Biosafety Practices
Among Nurses Working in Level 2 or 3 Patient Containment. Appl Biosaf. 2020 Jun 1;25(2):96-103.
https://doi.org/10.1177/1535676019899506

Aysal A, Pehlivanoglu B, Ekmekci S, Gundogdu B. How to Set Up a Molecular Pathology Lab: A Guide for Pathologists. Turk Patoloji
Derg. 2020;36(3):179-187. https://doi.org/10.5146/tjpath.2020.01488

Conrad S, Gant Kanegusuku A, Conklin SE. Taking a step back from testing: Preanalytical considerations in molecular infectious disease
diagnostics. Clin Biochem. 2023 May;115:22-32. https://doi.org/10.1016/j.clinbiochem.2022.12.003

Ndu AC, Arinze-Onyia SU. Standard precaution knowledge and adherence: Do Doctors differ from Medical Laboratory Scientists?
Malawi Med J. 2017 Dec;29(4):294-300. https://doi.org/10.4314/mmj.v29i4.3

Tsague MS, Mbapah LT, Teuwafeu DG, Jabbossung FE, Etaka ST, Ngunjoh NF, et al. Compliance with infection prevention and control
standard precautions and associated factors among healthcare workers in four health facilities in Fako division, Cameroon. BMC Health
Serv Res. 2025 Apr 24;25(1):596. https://doi.org/10.1186/s12913-025-12594-7

Aldhamy H, Maniatopoulos G, McCune VL, Mansi I, Althagafy M, Pearce MS. Knowledge, attitude and practice of infection prevention
and control precautions among laboratory staff: a mixed-methods systematic review. Antimicrob Resist Infect Control. 2023 Jun
13;12(1):57. https://doi.org/10.1186/s13756-023-01257-5

Journal

of Biomolecules, Pathogenesis and Therapeutics. 2(2): June, 2026 76



23.

24.

25.

26.

27.

Pentella MA. Update on Biosafety and Emerging Infections for the Clinical Microbiology Laboratory. Clin Lab Med. 2020 Dec;40(4):473-
482. https://doi.org/10.1016/j.c11.2020.08.005

Bajjou T, Sekhsokh Y, Amine IL, Gentry-Weeks C. Knowledge of Biosafety Among Workers in Private and Public Clinical and Research
Laboratories in Morocco. Appl Biosaf. 2019 Mar 1;24(1):46-54. https://doi.org/10.1177/1535676018797140

Agurto Coérdova LM, Espino Carrasco DK, Santa Cruz Espino BM, Espino Carrasco M, Vargas Cabrera C, Vasquez Cachay R, et al.
Determining Factors in the Implementation of Biosecurity Measures by Hospital Nurses in Piura, Peru. Nurs Rep. 2024 Aug
26;14(3):2117-2129. https://doi.org/10.3390/nursrep 14030158

Almalki M, Jamal A, Househ M, Alhefzi M. A multi-perspective approach to developing the Saudi Health Informatics Competency
Framework. Int ] Med Inform. 2021 Feb;146:104362. https://doi.org/10.1016/j.ijmedinf.2020.104362

Maekawa K, Sugiyama D, Imanishi T, Oki T, Ohnuma K, Carayannopoulos MO, et al. Development and validation of a dual-perspective
competency scale for novice medical laboratory scientists in Japan. BMC Med Educ. 2026 Jan 19;26(1):544.
https://doi.org/10.1186/s12909-026-08626-9

is and Ther ics, ) Biomol Pathog Ther. 2026;2(2):72-77 (jbptjournal.org) © 2026 Authors. This work is published by Multidisciplinary Scholarly Advancement and Research MSAR Institute. The full terms of Journal Publishing policy is

Journal of Bi les, Patt
available at httos://botjournal.org/index.ohp/ibpt/-publishing-license and incorporate the Creative Commons Attribution - Non Commercial (CC BY, NC4.0) License https://creativecommons.org/licenses/by-nc/4.0/. By accessing the workyou hereby accept the Terms. Non-commercial uses of the work are
BY NG

permitted, provided the work is properly attributed. Publisher’s Note: MSAR Institute remains neutral with regard to jurisdictional claims in published maps and institutional affiliations, and assumes no liability for the scientific accuracy or clinical efficacy of the content herein, as they rest entirely with the authors.

Journal of Biomolecules, Pathogenesis and Therapeutics. 2(2): June, 2026 77



