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Introduction
	 Trace or Touch DNA profiling plays a crucial role in linking indi-
viduals to criminal activities, often detected in minute quantities on 
various items found at crime scenes, setting it apart from other types 
of DNA evidence such as body fluids [1-3]. However, Touch DNA 
poses several challenges, including the risk of cross-contamination at 
crime scenes [4]. Factors such as surface types, collection methods, 
and environmental conditions influence the amount of Touch DNA re-
trieved, thereby complicating analysis [5-9]. Moreover, the extraction 
process and purification steps currently employed in forensic DNA  
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casework are time-consuming and labor-intensive. Column-based pu-
rification methods can lead to DNA loss, potentially impacting the 
successful typing of degraded or low-copy-number samples [10-15]. 
Efforts to validate different collection techniques with varied methods 
can enhance Touch DNA recovery from a variety of surfaces [16-20].

	 Direct amplification in DNA profiling eliminates the need for 
DNA extraction and quantification, proceeding directly to PCR af-
ter sample collection. This approach not only improves recovery but 
also reduces the risk of errors, minimizes contamination from han-
dling, and decreases both processing time and associated costs [1]. 
Recent interest has focused on developing innovative protocols for 
direct amplification; however, there remains limited shared knowl-
edge regarding trace DNA collection techniques for direct PCR from 
casework samples [21]. One promising approach involves the use of 
the microFLOQ® Direct swab, a product co-developed by the French 
Gendarmerie Forensic Research Institute (IRCGN™) and Copan, 
which has shown effectiveness in collecting trace DNA for direct 
amplification [22-25]. The microFLOQ® Direct swabs are designed 
similarly to 4N6 FLOQSwabs® but are treated with a lysing agent 
for direct amplification, eliminating the need for DNA extraction and 
quantification [26]. Utilization of these swabs allows for DNA pro-
filing from sample collection to final result in less than two hours. 
Additionally, due to the small dimensions of the microFLOQ® 
swab head, only a minimal portion of a stain is collected, resulting 
in significantly reduced sample consumption compared to traditional 
swabbing methods. Efforts to reduce sample consumption enable 
more evidence to be retained for retesting or post-conviction testing, 
if desired. Therefore, the aim of this study was to investigate the ef-
fectiveness of microFLOQ™ Direct swabs in recovering touch DNA 
from random surfaces of office items to replicate casework samples.

Materials and Methods
Touch samples

	 Biological materials were collected from a varied selection of sur-
faces commonly encountered in an office environment. To mimic the 
workflow of actual casework, these surfaces were randomly chosen, 
and the duration of DNA deposition was unspecified; some surfaces 
were routinely touched by users on a daily basis, while others had 
not been touched for an extended period. The sampled surfaces com-
prised three computer mice, three computer keyboards, two door han-
dles, two window handles, two pens, an old handprint on a window, a 
leather wallet, and a cell phone (refer to Figure 1).

DNA recovery

	 The MicroFLOQ Direct swabs were employed to retrieve trace 
DNA from the surfaces outlined in Figure 1. Prior to sampling, each 
MicroFLOQ® Direct swab was moistened with 1μl of molecu-
lar-grade water using a pipette, following the manufacturer’s instruc-
tions. Subsequently, the swab head was gently rubbed and rotated 
across the surface in a subsampling fashion to collect the sample.
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rensic touch DNA analysis, offering streamlined sample processing 
and potential advancements in forensic casework.
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Direct PCR amplification

	 Following sample collection, the tips of the MicroFLOQ® Direct 
swabs were detached into PCR strip tubes (0.2 ml) and subjected 
to amplification using the GlobalFiler™ amplification Kit (Thermo 
Fisher Scientific) [27], adhering to Copan’s Direct DNA Analysis 
protocol with the microFLOQ® Collection Device [22]. This pro-
tocol involved substituting the volume of sample solution required 
by the kit manufacturer with molecular-grade water (15 μL), directly 
adding PCR master mix to the tubes (10 μL), and conducting im-
mediate amplification on an ABI GeneAmp® 9700 PCR System 
(Life Technologies) for 29 cycles, following the manufacturer›s 
recommended conditions. To evaluate potential inhibition from the 
lysing agent incorporated into the swab head fibers, positive control 
DNA (007) was amplified in the presence of a MicroFLOQ® Direct 
swab. Additionally, negative controls consisting solely of the Micro-
FLOQ® swab head were included.

DNA detection, separation, and analysis

	 The amplified products underwent size separation and detection 
on an ABI 3500 Genetic Analyzer (Life Technologies) using a mix-
ture comprising 1 μl of PCR product, 9.6 μl of Hi-Di™ formamide, 
and 0.4 μl of GeneScan™ 600 LIZ® Size Standard v2.0 (Thermo 
Fisher Scientific). At least one microliter of allelic ladder was includ-
ed per injection on the 96-well plate. Following denaturation at 95°C 
for 5 minutes, samples were promptly cooled on ice for 5 minutes. 
Electrophoresis was conducted on a 36-cm capillary array with POP-
4™ polymer (Life Technologies) using standard injection parameters 
(1.2 kV, 24 s). Subsequently, STR data were sized and typed utiliz-
ing GeneMapper® ID-X Software Version 1.2 (Life Technologies), 
employing manufacturer-validated analytical thresholds.

Results and Discussion
	 The utilization of MicroFLOQ® swabs with the GlobalFiler™ 
amplification Kit for direct PCR, aimed at recovering Touch DNA  

from assorted items within an office setting, yielded a success rate 
of 73% within a three-hour timeframe post-sample collection. Out 
of the 15 samples collected, 11 STR profiles yielded positive DNA 
results suitable for database search. These profiles comprised full 
single, partial single, full mixture, and partial mixture DNA profiles 
(refer to Figures 2&3). However, the majority of profiles exhibited 
artifacts such as split and shoulder peaks. As per the criteria set by 
the Biology and DNA Section lab within the General Department of 
Forensic Science and Criminology, positive DNA results for forensic 
trace profiles necessitate homozygous or heterozygous alleles, or a 
combination thereof, in a minimum of nine loci. The negative con-
trol employed in the DNA profiling process was confirmed to be free 
of DNA. Additionally, amplification of Positive control DNA (007) 
in the presence of a MicroFLOQ® swab head resulted in complete 
STR profiles, demonstrating expected performance. This outcome 
suggests that the chemical treatment of MicroFLOQ® swab heads 
with a lysing agent by the manufacturer does not impede or inhibit 
successful DNA amplification.

	 Previous research by Templeton et al. [28] compared the perfor-
mance of foam swabs, cotton swabs, and nylon FLOQSwabs® in 
collecting trace DNA from fingerprints, with the latter demonstrating 
the highest DNA yield. This study was expanded to include the use 
of FLOQSwabs® for touch DNA recovery across various substrates, 
comparing direct amplification to the standard extraction workflow.  

Figure 1: Office Items Utilized for Touch DNA collection to be processed 
for direct amplification.

Figure 2: Touch DNA profiles (n= 15) obtained from office items using the 
MicroFLOQ Direct swab and directly amplified through the GlobalFiler™ 
PCR Kit. The samples yielded 6 complete single DNA profiles, 2 partial 
single DNA profiles, 3 complete mixture DNA profiles, 1 partial DNA pro-
file, and 3 profiles with no data.

Figure 3:  Electropherograms of samples gathered from a door handle 
(DH1), resulting in a complete mixture DNA profile, and from a visible 
handprint on the window (HP), yielding a complete single DNA profile. 
These profiles highlight variations in peak height across five autosomal 
STR loci (D3S1358, vWA, D16S539, CSF1PO, and TPOX).
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Findings from these controlled experiments underscore the potential 
of the FLOQSwab® system and direct amplification in enhancing 
signal retrieval from low-level touch samples, while conserving 
resources and mitigating contamination risks [29].

	 Moreover, the adoption of direct detection facilitated a rapid DNA 
profiling process, albeit accompanied by the observation of artifacts 
such as split and shoulder peaks, consistent with prior reports [23-24]. 
Distinguishing true alleles within DNA profiles can be straightfor-
ward when originating from a single source, yet becomes complex in 
mixed DNA profiles, particularly in the absence of reference samples.

	 The results obtained from this limited set of touch samples suggest 
that the miniaturized microFLOQ® swab head can retrieve sufficient 
cellular material to generate complete DNA profiles from diverse 
surfaces. However, the quantity of material present and the nature 
of the surface influence the likelihood of success, as anticipated for 
evidence collection via swabbing.

Conclusion

	 In conclusion, the findings of this study provide valuable insights 
into the effectiveness of the MicroFLOQ™ Direct Swab for Touch 
DNA recovery. While the results demonstrate promising success rates 
within a controlled office environment, further research is necessary 
to comprehensively evaluate its efficiency across a broader spectrum 
of surfaces and scenarios. Additionally, the observed artifacts, such 
as split and shoulder peaks, underscore the need for future work to 
develop strategies to mitigate these challenges associated with direct 
amplification. By addressing these areas of improvement, the Micro-
FLOQ™ Direct Swab has the potential to become an invaluable tool 
in forensic investigations, offering enhanced efficiency and reliability 
in Touch DNA recovery.

Conflict of interest
None.

Acknowledgement

	 The authors would like to express their gratitude to the General 
Department of Forensic Science and Criminology in Dubai Police for 
approving this study. Ethical approval was granted by the University 
of Central Lancashire’s Research Ethics Committee (ref. no. STEMH 
912), for which we are sincerely thankful.

References
1.	 Alketbi SK (2018) The affecting factors of Touch DNA. J of Forensic Res 

9: 424.

2.	 Alketbi SK (2023) Analysis of Touch DNA. Doctoral thesis, University of 
Central Lancashire. 

3.	 Alketbi, SK (2023) The role of DNA in forensic science: A comprehensive 
review. Int J of Sci and Res Arch 9: 814-829.

4.	 Alketbi SK (2023) Maintaining the chain of custody: Anti-contamination 
measures for trace DNA evidence. International J Sci Res Arch 8: 457-461.

5.	 Alketbi SK, Goodwin W (2019) The effect of surface type, collection, and 
extraction methods on Touch DNA. Forensic Science International. Genet-
ics Supplement Series 7: 704-706.

6.	 Alketbi SK, Goodwin W (2019) The effect of time and environmental con-
ditions on Touch DNA. Forensic Science International. Genetics Supple-
ment Series 7: 701-703.

7.	 Alketbi SK, Goodwin W (2019) The effect of sandy surfaces on Touch 
DNA. Journal of Forensic Legal & Investigative Sciences 5: 034.

8.	 Alketbi SK (2020) Collection of Touch DNA from rotten banana skin. In-
ternational Journal of Forensic Sciences 5: 000204.

9.	 Alketbi SK (2023) An Evaluation of the Performance of Two Quantifica-
tion Methods for Trace DNA Casework Samples. J Forensic Sci Criminal 
Invest 16: 555950.

10.	Barta JL, Monroe C, Teisberg JE, Winters M, Kemp BM, et al. (2014) One 
of the key characteristics of ancient DNA, low copy number, may be a 
product of its extraction. J of archaeol sci 46: 281-289.

11.	Mumy KL, Findlay RH (2004) Convenient determination of DNA ex-
traction efficiency using an external DNA recovery standard and quantita-
tive-competitive PCR. J microbiol methods 57: 259-268.

12.	 Dabney J, Knapp M, Gansauge MT, Weihmann A, Nickel B, et al. (2013) 
Complete mitochondrial genome sequence of a Middle Pleistocene cave 
bear reconstructed from ultrashort DNA fragments. Proceedings of the Na-
tional Academy of Sciences - PNAS 110: 15758-15763.

13.	Kemp BM, Winters M, Monroe C, Barta JL (2014) How Much DNA is 
Lost? Measuring DNA Loss of Short-Tandem-Repeat Length Fragments 
Targeted by the PowerPlex 16® System Using the Qiagen MinElute Puri-
fication Kit. Human biology 86: 313-329.

14.	 Doran AE, Foran DR (2014) Assessment and mitigation of DNA loss uti-
lizing centrifugal filtration devices. Forensic science international: Genet-
ics 13: 187-190. 

15.	Garvin AM, Fritsch A (2013) Purifying and Concentrating Genomic DNA 
from Mock Forensic Samples Using Millipore Amicon Filters. Journal of 
forensic sciences 58: S173-S175. 

16.	Alketbi SK, Goodwin W (2021) Touch DNA collection techniques for 
non-porous surfaces using cotton and nylon swabs. Biomedical Journal of 
Scientific & Technical Research 36: 28608-28612.

17.	Alketbi SK (2022) The impact of collection method on Touch DNA col-
lected from fabric. Journal of Forensic Sciences and Criminal Investiga-
tion 15: 555922.

18.	Alketbi SK, Goodwin W (2022) The impact of area size and fabric type 
on Touch DNA collected from fabric. Journal of Forensic Sciences and 
Criminal Investigation 16: 555926.

19.	Alketbi SK, Goodwin W (2022) The impact of deposition area and time on 
Touch DNA collected from fabric. Forensic Science International, Genet-
ics Supplement Series 8: 45-47.

20.	Alketbi SK (2023) Collection techniques of touch DNA deposited on hu-
man skin following a strangulation scenario. International Journal of Legal 
Medicine 137: 1347-1352  . 

21.	Cavanaugh SE, Bathrick AS (2018) Direct PCR amplification of forensic 
touch and other challenging DNA samples: A review. Forensic science in-
ternational: Genetics 32: 40-49. 

22.	Ambers A, Wiley R, Novroski N, Budowle B (2018) Direct PCR ampli-
fication of DNA from human bloodstains, saliva, and touch samples col-
lected with microFLOQ® swabs. Forensic science international: Genetics 
32: 80-87. 

23.	Alketbi SK, Goodwin W (2023) Collection Methods for Touch DNA Di-
rect Amplification. Journal of Forensic, Legal and Investigative Sciences 
9: 072.

24.	Alketbi SK (2022) An innovative solution to collect Touch DNA for direct 
amplification. Journal of Forensic Sciences and Criminal Investigation 16: 
555928.

25.	Alketbi SK, Alsoofi S (2022) Dual recovery of DNA and fingerprints using 
Minitapes. Journal of Forensic Sciences and Criminal Investigation 16: 
555929.

https://dx.doi.org/10.24966/FLIS-733X/100093
https://clok.uclan.ac.uk/46154/
https://clok.uclan.ac.uk/46154/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4550489
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4550489
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4399634
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4399634
https://www.sciencedirect.com/science/article/pii/S1875176819301982
https://www.sciencedirect.com/science/article/pii/S1875176819301982
https://www.sciencedirect.com/science/article/pii/S1875176819301982
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368481
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368481
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368481
file:///E:/PDFS/2024/03%20Mar/HFLIS/HFLIS-24-007/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.heraldopenaccess.us/article_pdf/34/the-effect-of-sandy-surfaces-on-touch-dna.pdf
file:///E:/PDFS/2024/03%20Mar/HFLIS/HFLIS-24-007/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.heraldopenaccess.us/article_pdf/34/the-effect-of-sandy-surfaces-on-touch-dna.pdf
file:///E:/PDFS/2024/03%20Mar/HFLIS/HFLIS-24-007/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/medwinpublishers.com/IJFSC/collection-of-touch-dna-from-rotten-banana-skin.pdf
file:///E:/PDFS/2024/03%20Mar/HFLIS/HFLIS-24-007/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/medwinpublishers.com/IJFSC/collection-of-touch-dna-from-rotten-banana-skin.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4378742
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4378742
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4378742
https://www.sciencedirect.com/science/article/abs/pii/S0305440314001198
https://www.sciencedirect.com/science/article/abs/pii/S0305440314001198
https://www.sciencedirect.com/science/article/abs/pii/S0305440314001198
https://www.sciencedirect.com/science/article/abs/pii/S016770120400034X
https://www.sciencedirect.com/science/article/abs/pii/S016770120400034X
https://www.sciencedirect.com/science/article/abs/pii/S016770120400034X
https://pubmed.ncbi.nlm.nih.gov/24019490/
https://pubmed.ncbi.nlm.nih.gov/24019490/
https://pubmed.ncbi.nlm.nih.gov/24019490/
https://pubmed.ncbi.nlm.nih.gov/24019490/
https://pubmed.ncbi.nlm.nih.gov/25959696/
https://pubmed.ncbi.nlm.nih.gov/25959696/
https://pubmed.ncbi.nlm.nih.gov/25959696/
https://pubmed.ncbi.nlm.nih.gov/25959696/
https://pubmed.ncbi.nlm.nih.gov/25173492/
https://pubmed.ncbi.nlm.nih.gov/25173492/
https://pubmed.ncbi.nlm.nih.gov/25173492/
https://pubmed.ncbi.nlm.nih.gov/23082821/
https://pubmed.ncbi.nlm.nih.gov/23082821/
https://pubmed.ncbi.nlm.nih.gov/23082821/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368493
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368493
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4368493
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370430
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370430
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370430
https://juniperpublishers.com/jfsci/pdf/JFSCI.MS.ID.555926.pdf
https://juniperpublishers.com/jfsci/pdf/JFSCI.MS.ID.555926.pdf
https://juniperpublishers.com/jfsci/pdf/JFSCI.MS.ID.555926.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370445
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370445
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370445
https://www.researchgate.net/publication/371345813_Collection_techniques_of_touch_DNA_deposited_on_human_skin_following_a_strangulation_scenario
https://www.researchgate.net/publication/371345813_Collection_techniques_of_touch_DNA_deposited_on_human_skin_following_a_strangulation_scenario
https://www.researchgate.net/publication/371345813_Collection_techniques_of_touch_DNA_deposited_on_human_skin_following_a_strangulation_scenario
https://pubmed.ncbi.nlm.nih.gov/29059581/
https://pubmed.ncbi.nlm.nih.gov/29059581/
https://pubmed.ncbi.nlm.nih.gov/29059581/
https://pubmed.ncbi.nlm.nih.gov/29126000/
https://pubmed.ncbi.nlm.nih.gov/29126000/
https://pubmed.ncbi.nlm.nih.gov/29126000/
https://pubmed.ncbi.nlm.nih.gov/29126000/
https://www.heraldopenaccess.us/article_pdf/34/collection-methods-for-touch-dna-direct-amplification.pdf
https://www.heraldopenaccess.us/article_pdf/34/collection-methods-for-touch-dna-direct-amplification.pdf
https://www.heraldopenaccess.us/article_pdf/34/collection-methods-for-touch-dna-direct-amplification.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370437
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370437
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4370437
https://www.researchgate.net/publication/362606055_Dual_Recovery_of_DNA_and_Fingerprints_using_Minitapes
https://www.researchgate.net/publication/362606055_Dual_Recovery_of_DNA_and_Fingerprints_using_Minitapes
https://www.researchgate.net/publication/362606055_Dual_Recovery_of_DNA_and_Fingerprints_using_Minitapes


Citation: Alketbi SK, Goodwin W (2024) Evaluation of microFLOQ™ Direct Swab for Touch DNA Recovery. Forensic Leg Investig Sci 10: 093.

• Page 4 of 4 •

J Forensic Leg Investig Sci ISSN: 2473-733X, Open Access Journal
DOI: 10.24966/FLIS-733X/100093

Volume 10 • Issue 1 • 100093

26.	microFLOQ® Direct product brochure, https://www.copangroup.com/
product-ranges/microfloq/ 

27.	GlobalFiler™ PCR amplification kit user guide. (2016) Revision E.

28.	 Templeton J, Blackie R, Viviana  P, Oliva H, Taylor D (2013) Genetic 
profiling from challenging samples: Direct PCR of touch DNA. Forensic 
science international. Genetics supplement series 4: e224-e225. 

29.	Templeton JE, Taylor D, Handt O, Skuza P, Linacre A (2015) Direct PCR 
Improves the Recovery of DNA from Various Substrates. Journal of foren-
sic sciences 60: 1558-1562.

https://dx.doi.org/10.24966/FLIS-733X/100093
https://www.copangroup.com/product-ranges/microfloq/
https://www.copangroup.com/product-ranges/microfloq/
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/4477604.pdf
https://www.researchgate.net/publication/259694349_Genetic_profiling_from_challenging_samples_Direct_PCR_of_touch_DNA
https://www.researchgate.net/publication/259694349_Genetic_profiling_from_challenging_samples_Direct_PCR_of_touch_DNA
https://www.researchgate.net/publication/259694349_Genetic_profiling_from_challenging_samples_Direct_PCR_of_touch_DNA
https://pubmed.ncbi.nlm.nih.gov/26264133/
https://pubmed.ncbi.nlm.nih.gov/26264133/
https://pubmed.ncbi.nlm.nih.gov/26264133/


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

 
Advances In Industrial Biotechnology | ISSN: 2639-5665 

Advances In Microbiology Research | ISSN: 2689-694X 

Archives Of Surgery And Surgical Education | ISSN: 2689-3126 

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779 

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X 

Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276 

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292 

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370 

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594 

Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X 

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562 

Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608 

Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879 

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397 

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751 

Journal Of Aquaculture & Fisheries | ISSN: 2576-5523 

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780 

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546 

Journal Of Cardiology Study & Research | ISSN: 2640-768X 

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943 

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771 

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844 

Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801 

Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978 

Journal Of Cytology & Tissue Biology | ISSN: 2378-9107 

Journal Of Dairy Research & Technology | ISSN: 2688-9315 

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783 

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X 

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798 

Journal Of Environmental Science Current Research | ISSN: 2643-5020 

Journal Of Food Science & Nutrition | ISSN: 2470-1076 

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X 

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566 

 
Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485 

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662 

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999 

Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640 

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654 

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493 

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657 

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044 

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X 

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313 

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400 

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419 

Journal Of Obesity & Weight Loss | ISSN: 2473-7372 

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887 

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052 

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X 

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649 

Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670 

Journal Of Plant Science Current Research | ISSN: 2639-3743 

Journal Of Practical & Professional Nursing | ISSN: 2639-5681 

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150 

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177 

Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574 

Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060 

Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284 

Journal Of Toxicology Current Research | ISSN: 2639-3735 

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193 

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829 

Trends In Anatomy & Physiology | ISSN: 2640-7752 

View publication stats

info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology
https://www.researchgate.net/publication/379664349

	_Hlk161707139
	m_8187050568789751780__Hlk137578179



