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ABSTRACT 

Gene amplification requires a biological sample which is collected prior to the demands. The sample for such analysis plays a vital role as they serve 

as a resource for the core material-Deoxyribonucleic acid. A sample for gene amplification or any analysis would be collected prior to the demands 

and type of analysis. Human blood has been an essential resource of DNA from the commencement of DNA extraction in the 19th century. After then 

several protocols developed according to the requirement of both samples of different forms and their retrieval as various forms and methods. The 

sample has various characteristics and prerequisites when collected for gene analysis. Some important characteristics of sample collection methods 

are significant, which are not widely taken. This work analyses various general sample collection protocols and highlights some of the major 

characteristics and prerequisites for the sample. This work initiates and delivers to attain the core of genomics by bringing out the basic raw 

materials importance and consequences on amplification which is highly sensitive. 
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INTRODUCTION 

The Human genome analysis requires the biological molecule that 

act as a core material called DNA. Human blood is widely used as a 

sample for genome extraction using different methods, which has 

been evolving since the 1870s an initiation to extract DNA from 

blood components and discovery of DNA from that experiment 

where Friedrich Miescher and Seyler collected the white blood cells 

using bandages, later Meselson and Stahl extracted bacterial DNA by 

laboratory protocol. Though the response rate for sample collection 

is comparatively low for PCR analysis blood is a suitable sample [1, 

30-35]. DNA is recovered from blood in different forms such as 

peripheral blood mononuclear cells, transformed cell lines of white 

blood cells, whole blood sample, bloodstains in FTA paper or cloth, 

Clotted blood, Compacted blood, Buffy coat layer, plasma, 

Autologous conditioned plasma, maternal plasma, menstrual blood 

stains, long term storage and preserved blood samples, amniotic 

fluid, umbilical cord blood, blood spots etc. The efficiency of analysis 

and result completely relies on samples and the DNA retrieved from 

them. Collection of samples for genome analysis is a highly sensitive 

and ideal step as an appropriate methodology can reduce the risk of 

fluctuations in the results. Therefore, adopting a method or 

developing a strategy for different forms of sample for different 

demands is not ample and stable. Different protocols are developed 

and evolved to collect the different forms of blood for DNA 

extraction and analysis. These protocols are developed on the basis 

of the yield, quality, storage for further analysis of DNA. Also, the 

protocols for sample collection may vary according to the extraction 

methods for DNA isolation. Therefore, collection of sample plays a 

major role in DNA analysis. The samples must be maintained in an 

aseptic environment so that the variance in the result and its 

misinterpretation can be prevented. 

This sample collection is highly based on certain characteristics like 

1) Type of blood collection, for instance, intravenous, pricking on 

fingertips and earlobes, peripheral blood collection, non-invasive 

blood collection 2) Collection materials such as vacutainer 

tubes(plastic or glass), Filter papers, cloth, fabrics, etc. 

3)Temperature both during and after collection, 4) skilled 

phlebotomist and lab technician for handling the samples, 5) 

transportation facilities if the subjects-person and lab is distantly 

placed. [36-38] though the results of several sequencing of an 

organism’s genome seem to be easier comparatively on informatics 

technically every strategy for sample collection and preparation is 

ideal importance as meager care can cause fluctuations in results. 

This work performs a general analysis of different protocols or 

methods that are carried out and several demands on the collection 

of different forms of a blood sample by reviewing various strategies 

followed in genome analysis so far. 

Method 

This review analysis was done by studying different methodologies 

that were carried out in different gene amplification studies. From 

these studies, the significance of sample collection processes was 

extracted. The sample collection, which is a pre-analytical step plays 

a major role that can be characterized into major requirements for a 

sample. Thus, various prerequisite characteristics are categorized 

from different strategies and studies for blood sample collection. 

Major characteristics and studies for genetic analysis 

The extraction of DNA from blood is a common method carried out 

for genome analysis as blood acts as an ample source for DNA 

isolation. There are many forms of sources that can be used for DNA 

analysis such as whole blood, clotted blood, compacted blood, dried 

blood spots, and stains, etc. The sample plays a crucial role in DNA 

analysis as it is a fundamental resource for future studies. In general, 

biological studies outcomes rely on the sample’s quality and stability 

which is considered as primary importance. Therefore, a sample 

based on their quality, quantity, stability in different conditions is 

major parameters considered for analysis of DNA. Also, the 

characteristics required for 1)Subject or the person who gives a 

sample, 2) Material or tools for collection,3) Skilled technician 

before collection such as Phlebotomist, lab technicians, etc, 4) 

Transportation and lab facilities, 5) Processing of samples, 6) 

Storage of sample. 

Several studies show that these properties are very influencing in 

the analysis, such as. 

Subject 

The subject’ s acceptance for an invasive method that is drawing 

blood intravenously or non-invasive collection using filter paper, 

fabric, pricking, etc varies according to the type, for instance, adult, 

old age, children neonates, etc. Intravenous collection and pricking 

are done for whole blood samples according to the amount required 
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maximally for adults. Though the blood collection using needles and 

lancets are painful due to venipuncture and tissue which maximally 

causes discomfort for subjects, and also large quantity is acquired 

for the extraction [2]. The blood collection using an automatic 

lancing device is used in several studies where the discomfort is 

reduced certainly. Some studies show even the physical and mental 

wellness of subject is important during sample collection [3]. A large 

amount of sample is required to sequence the whole genome thus 

limiting the higher amount of blood collection which is not accepted 

widely for subjects especially not for neonates. Therefore, pricking 

on heel or fingertips and acquire a small amount of sample to 

sequence the whole genome [4]. The non-invasive collection 

includes painless retrieval using materials such as filter paper, 

fabrics, which is done by small pricking or drawing, stains deposited 

on such materials especially dried blood, blood spots, clotted blood 

are non-invasively collected which is of small quantity but the 

efficient amount of DNA is obtained. This type of collection makes it 

comfortable for all grades of subjects and provides easier storage. 

Materials for collection 

Materials or tools for collection of blood sample involves vacutainer 

tubes-Glass; plastic, filter paper, fabrics, cotton swabs, and clothes. 

The type of material used for collection plays the main role in 

providing the quality of sample for analysis; extraction methods; and 

storage processes. 

Materials for invasive collection 

The whole blood is collected through vacutainer tubes treating them 

in anticoagulant such as heparin that can be treated which were 

later with Sodium Iodide-NaI to extract DNA of high molecular 

weight [5]. The blood sample collection with the help of vacutainer 

tubes (commercially available BD vacutainer collection tubes) [36]. 

The whole blood is collected from a vein using needles provided 

with the collection kit or ordinary needle of the required amount, for 

example, 2 ml into the sterile vacutainer. There are different 

vacutainers containing anticoagulants-EDTA; Heparin; Citrate of the 

required amount to obtain desired DNA quantity and quality. Some 

study also shows the presence of anticoagulant in the vacutainer 

affects the resultant DNA [6]. Lippi et al. study shows that heparin 

and EDTA are stronger anticoagulants but comparatively EDTA 

takes longer time to coagulate. Collection tubes especially the 

evacuated tube with the needle which prevents the sample exposure 

to the outer environment and its related changes such as 

contamination or change in extracted quantity and quality [3]. 

Hansen et al. found the intravenous blood collection in sodium 

citrate anticoagulant vacutainer tube and stored at 4℃ which was 

compared with other samples like buccal cells, saliva, etc but blood 

gives 100% purity and high concentration of DNA [1]. Water’s et al. 

study on Blood collection kits in P100 tubes and K2EDTA with 

mechanical separator for compacted blood collection and after 

collection the sample was cryo-preserved for further DNA 

extraction. Blood from EDTA tubes is also cryo-preserved as such for 

DNA extraction. The study shows that both yield and also 

degradation is higher in EDTA treated sample whereas 

concentration is higher in P100 treated sample and purity is uniform 

[7]. Whereas to avoid such degradation due to anticoagulants Lahiri 

et al. used EDTA tubes for blood and added a buffer in order to 

prevent degradation of DNA sample [8]. The study by Bowen et al. 

shows even the type of tubes has an effect on blood samples for 

analysis that depicts changes in results due to collection material 

like glass and plastic tubes [9]. The blood collection for several 

laboratory purposes has made demanding of tools, therefore several 

adaptations and evolution to reduce the existing demands in 

collection tools like glass to plastic for easy portability and disposal, 

etc [10]. These tubes contain separating gels of the varied amount 

according to the process needs to be carried out. The determination 

of specific collection tubes relies on the experimental part and 

environment in which it is performed. The same author has 

performed a study on the validation of best tubes for blood sample 

collection [9]. Stargel et al. study proves that the container stoppers 

that contain drug or chemical bring analytical errors in results from 

plasma samples of blood [11]. Whole blood sample in vacutainer 

also depends on temperature, transportation and storage conditions. 

The principle behind the collection of biological samples for genome 

analysis is to collect, process and store for future analysis. But these 

biological samples require processing, analyse the quality, storage 

feasibility and also the cost-effectiveness [12]. Genetic profiling 

using circulating and genomic DNA from preserved whole blood 

sample which is collected using EDTA vacutainers. A comparative 

study also determining by storage of sample more than 24 h in 

EDTA, isolated plasma within 1 hour and at different intervals which 

showed a significant increase in the amount of circulating free DNA 

and genomic DNA yield [13]. The yield of mononuclear cells from 

blood estimates between sample collection from EDTA tubes and 

undiluted tubes, in which the former is higher than the later. This 

highly depends on the collection and washing processes of the 

samples carried through. Where the isolation of lymphocytes is done 

through NaCl method (dextran sedimentation) [14]. 

Materials for non-invasive collection 

The DNA from DBS (dried blood spot), stains from cloth, and clotted 

blood due to smaller quantity the analysis is highly sensitive because 

important material has to be extracted from a limited sample. 

Therefore, respective materials such as Whatman filter paper, 

Guthrie card, cloth, etc are used for blood collection. For instance, 

dried blood spot is less prone to contaminating factors and reduces 

the risk of discomfort because it is less invasive than liquid blood 

[15]. Gaviria et al. study shows that transportation becomes easy for 

these samples, and storage is also feasible [2]. The Blood collection 

through filter paper in the form of dried blood spots for detection of 

diseases especially chromosomal aberrations in newborn babies and 

other metabolic diseases. The filter paper blood collection device 

assures quality for samples and results and the studies are done 

non-invasively [16]. Collection of the blood sample from filter paper 

for genome analysis and also genotyping of pathogens. Though some 

study like Bereckzy et al. shows major limitation for PCR that 

requires high purity, quantity, stable DNA from the samples which 

are lacking in the filter paper method [17]. The blood spots and 

clotted blood requires additional tools for collection using tools like 

forceps, Blade, the scalpel to scrap but the technicians are exposed 

to blood and vice versa therefore contamination is most likely to 

happen and the person is susceptible to contaminated blood. Certain 

study like Hollegaard et al. in which collection of venous blood is 

done in heparin vacutainer tube and then the fraction is added to 

Whatman specimen collection paper and stored for 3 y at-20 ℃. 

Later these punches from filter paper (2*3.2 mm) were taken for 

DNA extraction [18]. 

The genome analysis is also carried out from stained or dried blood 

from a vein and menstrual release using cotton swabs and clothes 

that are prepared according to the extraction method adopted [19].  

Skilled technician 

The personnel contamination is a major limitation in sample 

collection for DNA analysis. Therefore, highly skilled phlebotomist 

and lab technicians who take this process to the next level by 

handling the specimens safely is important. This ensures better 

handling of tools, subject to draw blood and process the specimens 

with proper care and bio-safety [1]. Personnel safety during 

collection is a part of pre-analytical characteristic, which is 

significant on the outcome of the analysis. 

Transportation and lab facilities 

Transportation and lab facilities are often limiting factor in sample 
collection because the time-lapse in porting the specimen to labs 
may affect the quality of the samples. The site of sample collection 
and lab must be situated closer in order to avoid the error or prior 
arrangements should be done, such as sample preservation in cold 
temperature till processing. 

Sample processing 

Processing of sample involves treating samples with different 

anticoagulants and centrifuge to separate the required type of 

sample, for example, peripheral blood mononuclear cells are 

separated by centrifuging at a particular speed inappropriate time to 

obtain different layers of samples. Lippi et al. found centrifugation of 
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sample also plays a major role wherein the difference in speed and 

time changes the quality of the sample that affects the analysis of the 

genome [3]. Certain studies show the pre-analytical characteristics 

as 1) Study design, 2) Sample collection, 3) Handling, 4) Pre-

processing, 5) Treating with buffers and other chemicals to maintain 

the sample for further processes [20]. 

Storage 

The storage of the sample until the analysis is an important and rate-

limiting step because upon improper storage conditions samples tend 

to lose its quality which affects the findings. The sample storage in 

short terms of immediate analysis or long term in biobanks are 

important for a polymerase chain reaction, epidemiological studies, 

sequencing, etc [21]. The protocols for storage of samples such as 

blood and tissues at different freezing temperatures are done to 

preserve the DNA and RNA for analysis such as genome, proteome, etc 

to diagnose and provide precision medicines. This method has evolved 

over the years to improve the medical field and well-being. This highly 

relies on the collection tubes and other standard procedures that are 

followed in biological sample banks; accordingly, the quality and 

results are obtained [22]. The Blood samples are best when 

defibrinated that is without platelets, aliquoted and stored at the 

appropriate condition like liquid nitrogen, persistent tracking of pre-

analytical tools and using documents for quality control and assurance 

is important [23]. Biological sample especially blood for forensic 

studies in crime cases, archaeological studies, are limited in quality 

and quality. Thus, the change in physiological characteristics of 

samples during and after the collection due to lack of care, 

contamination, temperature, etc can cause fluctuations in the DNA 

analysis by changes in DNA information due to distortion, degradation, 

etc. Generally, DNA is damaged due to environmental disturbances like 

physical properties, microbes which contain nuclease that acts on 

DNA. That is maximum samples DNA degraded within a few days due 

to exposure to sunlight or UV, temperature. Suitable temperature for 

DNA is observed to be low (+8 ℃) and decrease in success rate by 

quarter % when stored at 27 ℃ and hydrolytic damage at humid, 

Personnel care for preventive measures to collect samples, handling, 

etc. Storage at a cold temperature (-20 ℃ and-80 ℃) is preferred 

maximally that cease enzymatic reactions, also dry storage methods 

with FTA paper can be done to store. Lastly, liquid preservatives can 

be used such as DMSO, EDTA, Tris [24]. 

Pietro et al. study show the storage of samples for the long term 

that is even decades in cryopreservation condition also yields 

better DNA for analysis [25]. Dried blood spot samples from new-

born babies as a source for DNA extraction and screening for 

diseases has developed and this method enables storage for many 

years. These samples are stored in sample repositories and can be 

used for future sequencing [18]. DNA isolation from whole blood 

stored at room temperature has the same yield as the one stored 

in-70 ℃. Also, this paper concludes that the addition of MgCl2 and 

EDTA to DNA samples helps in reducing the risk of degradation. 

The rapid change in storage temperature is causing degradation in 

DNA [26]. 

DNA from whole blood that is stored in the long term (15-20 y) at-

20 ℃ using organic solvents like the phenol-chloroform method 

[25]. The serum yields more DNA than plasma that is the circulating 

DNA called cell-free genomic DNA is high in serum and plasma in 

some conditions like systemic lupus erythematous etc. Results of Lee 

et al., prove that the yield of DNA from serum is quarter folds higher 

than plasma, especially from clotted blood which had an increasing 

amount of circulating free DNA [2]. 

 

Table 1: Analysis of the sample and its related components 

 Sample  Sub-categories of sample Sub-sub-categories Materials for collection References 

Blood Whole blood Plasma, Serum and 

Buffy coat 

Vacutainer tubes [1,3,5-

14,36] 

Clotted blood - Filter paper, Fabric cloth and also retrieved from vacutainer [1-19,36] 

Dried blood or stains - Filter paper, Fabric cloth and other materials using scalpel, 

knife and blade 

[2,15-19] 

Compacted blood - Vacutainer tubes with a mechanical separator [1] 

 

DISCUSSION 

This review analysis of sample collection is about the importance of 

blood sample collection, its related components, and major 

characteristics. As several genome analysis starts from sample 

retrieval the type of sample collected with tools and processed 

according to different demands on studies. This analysis has taken 

certain major characteristics or prerequisites of sample collection. 

The sample is collected invasively through needles from a vein in 

vacutainer tubes, lancets, etc [2-5, 8]. Non-invasive collection of 

blood spots, clotted blood, etc using filter paper, fabric makes it 

possible to retrieve sample if available at limited volume but also 

shows better results [1-3, 15]. The transportation, processing, and 

storage of collected process are potential properties to be taken care 

of because lack of care n these characteristics result in improper 

outcomes [1, 9, 20-21]. Despite many analyses and their successful 

data produced as an outcome, their success rate relies on the way of 

the collection of samples and their bio-safety practices carried out. 

The data loss or modified data, errors in data are due to the lack of 

care on samples which are considered to be simple and easy but 

their impact affects the analysis as this is highly sensitive process 

and extraction of the information [27, 28]. The pre-analytical 

characteristics, such as sample processing need to be monitored 

initially to avoid experimental errors on resultant data [29]. Despite 

many protocols for sample collection, choosing a standardized 

strategy is challenging and also many research works do not explain 

completely about the importance and protocol of sample collected 

[30]. Thus, making it difficult to extract the common principle for 

sample collection, especially blood. Certain demands such as proper 

standardization of universal strategy for sample collection is not 

available, as it not completely clear for a particular sample. The 

future studies need to be confirmed and concentrate on the sample 

as it is the raw data.  

CONCLUSION 

This review analysis shows the importance and categorizes different 

pre-requisites of sample collection and also highlights the blood and 

its related components with materials for collection. It concludes 

that sample-blood is the ample and core source of genome analysis 

which is universally used in many experiments and its 

characteristics according to various demands. 

ACKNOWLEDGMENT 

I wish to acknowledge and express my appreciation to 6THSENSE 

research and development for providing great assistance on this 

work and valuable collection of information and data and would like 

to thank all members for their support and contribution. 

AUTHORS CONTRIBUTIONS 

The authors' AA, VS and had contributed equally towards the 

collection of literature and preparation of the manuscript. 

CONFLICTS OF INTERESTS 

Authors declare that they have no conflicts of interest. 

REFERENCES 

1. TVO Hansen, MK Simonsen, FC Nielsen, YA Hundrup. Collection 

of blood, saliva, and buccal cell samples in a pilot study on the 



Aishwarya et al. 

Int J Pharm Pharm Sci, Vol 11, Issue 10, 18-21 

21 

Danish nurse cohort: comparison of the response rate and 

quality of genomic DNA. Cancer Epidemiol Biomark Amp Prev 

2007;16:2072–6. 

2. D Giavarina, G Lippi. Blood venous sample collection: 

recommendations overview and a checklist to improve quality. 

Clin Biochem 2017;50:10–1, 568–73. 

3. G Lippi, EJ Favaloro. Preanalytical issues in hemostasis and 

thrombosis testing. In: Hemostasis and Thrombosis. Vol. 1646. 

EJ Favaloro, G Lippi. Eds. New York, NY: Springer New York; 

2017. p. 29–42. 

4. S Hosono. Unbiased whole-genome amplification directly from 

clinical samples. Genome Res 2003;13:954–64. 

5.  VN Loparev, MA Cartas, CE Monken, A Velpandi, A Srinivasan. 

An efficient and simple method of DNA extraction from whole 

blood and cell lines to identify infectious agents. J Virol 

Methods 1991;34:105-12. 

6. DK Lahiri, B Schnabel. DNA isolation by a rapid method from 

human blood samples: effects of MgCl2, EDTA, storage time, 

and temperature on DNA yield and quality. Biochem Genet 

1993;31:321–8. 

7. J Waters. A practical and novel method to extract genomic DNA 

from blood collection kits for plasma protein preservation. J Vis 

Exp 2013;18:e4241. 

8. DK Lahiri, JI Nurnberger. A rapid non-enzymatic method for 

the preparation of HMW DNA from the blood for RFLP studies. 

Nucleic Acids Res 1991;19:5444. 

9. RAR Bowen, DM Adcock. Blood collection tubes as medical 

devices: the potential to affect assays and proposed verification 

and validation processes for the clinical laboratory. Clin 

Biochem 2016;49:1321–30. 

10. RAR Bowen. Effect of blood collection tubes on total 

triiodothyronine and other laboratory assays. Clin Chem 

2005;51:424-33. 

11. WW Stargel, CR Roe, PA Routledge, DG Shand. Importance of 

blood-collection tubes in plasma lidocaine determinations. Clin 

Chem 1979;25:617–9. 

12. P Elliott, TC Peakman, On behalf of UK Biobank. The UK 

Biobank sample handling and storage protocol for the 

collection, processing and archiving of human blood and urine. 

Int J Epidemiol 2008;37:234-44. 

13. DG Rothwell. Genetic profiling of tumours using both 

circulating free DNA and circulating tumour cells isolated from 

the same preserved whole blood sample. Mol Oncol 

2016;10:566–74. 

14. A Bøyum. Isolation of lymphocytes, granulocytes, and 

macrophages. Scand J Immunol 1976;5:9-15. 

15. C Ellervik, J Vaught. Preanalytical variables affecting the 

integrity of human biospecimens in biobanking. Clin Chem 

2015;61:914-34. 

16. JV Mei, JR Alexander, BW Adam, WH Hannon. Use of filter paper 

for the collection and analysis of human whole blood 

specimens. J Nutr 2001;131:1631S-1636S. 

17. SN Bereczky, A Martensson, JP Gil, AF Rnert. Short report: rapid 

dna extraction from archive blood spots on filter paper for 

genotyping of Plasmodium falciparum. Am J Trop Med Hyg 

2005;72:249-51. 

18. MV Hollegaard, J Grauholm, R Nielsen, J Grove, S Mandrup, DM 

Hougaard. Archived neonatal dried blood spot samples can be 

used for accurate whole genome and exome-targeted next-

generation sequencing. Mol Genet Metab 2013;110:65–72. 

19. M Bauer, D Patzelt. A method for simultaneous RNA and DNA 

isolation from dried blood and semen stains. Forensic Sci Int 

2003;136:76–8. 

20. D Dudzik, C Barbas Bernardos, A Garcia, C Barbas. Quality 

assurance procedures for mass spectrometry untargeted 

metabolomics. a review. J Pharm Biomed Anal 2018;147:149–

73. 

21. NT Holland, MT Smith, B Eskenazi, M Bastaki. Biological sample 

collection and processing for molecular epidemiological 

studies. Mutat Res Mutat Res 2003;543:217–34. 

22. M Shabihkhani. The procurement, storage, and quality 

assurance of frozen blood and tissue biospecimens in 

pathology, biorepository, and biobank settings. Clin Biochem 

2014;47:258–66. 

23. AJ Rai. HUPO plasma proteome project specimen 

collection and handling: towards the standardization of 

parameters for plasma proteome samples.  Proteomics 

2005;5:3262–77. 

24. MM Bus, M Allen. Collecting and preserving biological samples 

from challenging environments for DNA analysis. 

Biopreservation Biobanking 2014;12:17–22. 

25. F Di Pietro, F Ortenzi, M Tilio, F Concetti, V Napolioni. Genomic 

DNA extraction from whole blood stored from 15-to 30-years 

at −20 °C by rapid phenol-chloroform protocol: a useful tool for 

genetic epidemiology studies. Mol Cell Probes 2011;25:44-8. 

26. TH Lee, L Montalvo, V Chrebtow, MP Busch. Quantitation of 

genomic DNA in plasma and serum samples: higher 

concentrations of genomic DNA found in serum than in plasma. 

Transfusion (Paris) 2001;41:276-82. 

27. S Vijaykumar, SG Saravanakumar. Implementation of NOSQL 

for robotics in Interact-Chennai, India; 2010. p. 195–200. 

28. M Balamurugan, A Nancy, S Vijaykumar. Alzheimer’s disease 

diagnosis by using dimensionality reduction based on knn 

classifier. Biomed Pharmacol J 2017;10:1823–30. 

29. RA, AG, RV. Observational study on poison cases in a tertiary 

care hospital. Int J Pharm Pharm Sci 2019;7:80–3. 

30. News medical life Science [Internet], Gene History, By Dr. 

Ananya Mandal, MD, Reviewed by April Cashin-Garbutt, MA 

(Editor); c2018. Available from: https://www.news-

medical.net/life-sciences/Gene-History.aspx [Last accessed on 

12 Dec 2018] 

31.  usa.gov [Internet], National Institute of Health, National library 

of medicine, What is a genome; c2018. Available from: 

https://ghr.nlm.nih.gov/primer/hgp/genome [Last accessed 

on 21 Nov 2018]. 

32.  usa.gov [Internet], National Institute of Health, National library 

of medicine, What is DNA; c2018. Available from: 

https://ghr.nlm.nih.gov/primer/basics/dna [Last accessed on 

14 Sep 2018]. 

33. nature.com [internet], Subjects, Genomic analysis; c2018. 

Available from: https://www.nature.com/subjects/genomic-

analysis [Last accessed on 08 Jun 2018] 

34.  clinicallab.org [Internet], The Hudson Alpha Clinical service 

lab, Specimen requirements; c2018. Available from: 

https://clinicallab.org/specimen-requirements/ [Last accessed 

on 22 Aug 2018]. 

35. laboratoryinfo.in [Internet], Common blood collection tubes, 

their additives and laboratory uses, By Editorial Team on 

January 2, 2019, in Biochemistry; c2019. Available from: 

https://laboratoryinfo.com/common-blood-collection-tubes-

their-additives-and-laboratory-uses/ [Last accessed on 19 Jan 

2019]. 

36.  labcorp.com [Internet], Labcorp, Introduction to specimen 

collection; c2018. Available from: https://www.labcorp.com/ 

resource/introduction-to-specimen-collection# [Last accessed 

on 17 Dec 2018]. 

37. labce.com [Internet], Medialab, Specimen types and collection; 

c2018. Available from: https://www.labce.com/spg1227267_ 

specimen_types_and_collection.aspx [Last accessed on 12 Jan 

2018].

 


