
SAÚDE & TECNOLOGIA . NOVEMBRO | 2023 | #29 | P. 729 . ISSN: 1646-9704

Dry blood spots in filter paper: a valuable option for DNA extraction?
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ABSTRACT: Dry blood spots, appear to be a valuable option for sample collection for DNA 
extraction, especially in poorer communities with less access to medical care. Dry blood spots can 
be easily transported and ensure a non-invasive method of rapid blood collection which can be 
coupled with DNA extraction methods. However, the storage and transportation conditions (time 
and temperature) as well as sample type and volumes may affect DNA extraction efficiency and 
become a challenge. In this context, we aim to assess the effects on DNA extraction efficiency of 
six storage conditions (24 hours at 4 °C, 24 hours at room temperature, 24 hours at 50 °C, seven 
days at 4 °C, seven days at room temperature, and seven days at 50 °C) for dry blood spots with 
venous blood and capillary blood samples. In order to evaluate DNA extraction proficiency, under 
each of these conditions, we performed DNA extraction with the QIAamp® Blood Mini Kit and 
assessed DNA final concentrations and purity ratios, through UV spectrophotometry, with the 
aid of the Nanodrop® OneC. Statistical analysis was performed using a T-test in Microsoft® Excel. 
Overall, our data demonstrated that it is possible to extract a greater DNA quantity from capillary 
blood samples in dry blood spots, although with less purity than venous blood samples. Also, 
our results show that the assessed temperature and storage time (seven days) do not affect DNA 
extraction results.
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Manchas de sangue seco em papel filtro: uma opção válida para extração 
de DNA?

RESUMO: As manchas de sangue seco parecem ser uma opção válida para a recolha de amos-
tras para extração de DNA, especialmente em comunidades mais pobres e com menos acesso a 
cuidados médicos. As manchas de sangue seco podem ser facilmente transportadas e garantem 
um método não invasivo de colheita rápida que pode ser acoplado a métodos de extração de DNA. 
No entanto, as condições de armazenamento e transporte (tempo e temperatura), bem como o 
tipo e volumes de amostra podem condicionar a eficiência da extração de DNA e tornar-se um 
desafio. Neste contexto avaliaram-se os efeitos na eficiência da extração de DNA de seis condições 
de armazenamento (24 horas a 4 °C, 24 horas à temperatura ambiente, 24 horas a 50 °C, sete dias 
a 4 °C, sete dias à temperatura ambiente temperatura e sete dias a 50 °C) para amostras de sangue 
seco com sangue venoso e amostras de sangue capilar. Para avaliar a proficiência na extração de 
DNA, em cada uma dessas condições, realizou-se a extração de DNA com o QIAamp® Blood Mini 
Kit e avaliaram-se as concentrações finais e taxas de pureza do DNA, por meio de espectrofoto-
metria UV com auxílio do Nanodrop® OneC. A análise estatística foi realizada por meio do teste T 
no Microsoft® Excel. Os resultados obtidos demonstraram que é possível extrair uma quantidade 
maior de DNA de amostras de sangue capilar em amostras de sangue seco, embora com menor 
pureza do que amostras de sangue venoso. Além disso, os resultados mostram que a temperatura 
avaliada e o tempo de armazenamento (sete dias) não afetam os resultados da extração de DNA.

Palavras-chave: Extração de DNA; Manchas de sangue seco; Condições de armazenamento; Amostras 
de sangue.

mailto:edna.ribeiro@estesl.ipl.pt


SAÚDE & TECNOLOGIA . NOVEMBRO | 2023 | #29 | P. 729 . ISSN: 1646-9704

-system blood draw and immediately and gently mixed to 
avoid any clots. Then, 200µL were pipetted onto filter paper. 
Capillary blood was collected using a lancet and 20µL was 
pipetted onto filter paper. All samples were left to air dry16. 
The obtained samples were divided according to Figure 1. For 
the control group, the remainder whole blood contained in 
the EDTA tube was used as a fresh blood control. Here, we 
utilized venous whole blood with EDTA, stored for 24 at 4 °C 
as a control group, considering that it is the current standard 
method for DNA extraction from blood samples. DBS samples 
were stored in sealed plastic bags for 24 hours at 4 °C, 24 
hours at room temperature (RT), 24 hours at 50 °C, seven days 
at 4 °C, seven days at RT, and seven days at 50 °C5. For 50 °C 
incubation samples were placed in a laboratory oven. 

DNA Extraction

The DNA extractions were performed after 24 hours and 
after seven days. Punches of 6mm in diameter, corresponding 
to approximately 8µL of whole blood, were used for each 
sample17. For the control group, 8µL of whole blood was used 
per sample17. DNA was extracted using the QIAamp® Blood 
Mini Kit according to the manufacturer’s instructions18-19.

DNA quantification

In order to access DNA concentration and purity ratio, 2µL 
of each sample was used to quantify using NanoDrop™ OneC 
(Thermo Scientific) at 260nm and 280nm20-22. A ratio of ~1.8 
was accepted as “pure” for DNA. 

Statistical analysis

The average values along with the standard deviation (SD) 
for the concentration and purity ratios for both venous and 
capillary blood, were calculated for each sample storage 
condition. A T-test was then applied to those values23.

Ethics

This study complies with the ESTeSL Ethics Commission.

Results

DNA extraction efficiency

Results were analyzed by sample type (venous and capil-
lary blood), temperature, and time of storage. For each 
sample condition, DNA average concentration and purity 
ratio ABS 260/280 was calculated22-23. For the control sample, 
stored at 4 °C for 24 hours, the average for the DNA extraction 
was 3.20±1.90ng/µL with a purity ratio average of 2.22±0.40; 
for the venous blood samples stored at 4 °C for 24 hours, the 
average for the extraction was 1.91±0.55ng/µL with a purity 
ratio average of 1.71±0.64; for the capillary blood samples 
stored at 4 °C for 24 hours the average for the extraction 
was 6.56±1.74ng/µL with a purity ratio average of 1.37±0.09; 
for the venous blood samples stored at RT for 24 hours the 
average for the extraction was 2.37±0.81ng/µL with a purity 
ratio average of 1.73±0.64; for the capillary blood samples 
stored at RT for 24 hours the average for the extraction was 

Introduction

The study of genetics is recent, with its beginnings dating 
back to the mid-19th century by Gregor Mendel1. Genetics 
aims to study all conditions associated with genes, with the 
field having undergone great development in the first half 
of the 20th century1. This area has great impact in the way 
diagnosis and treatment of various diseases is approached. 
DNA extraction is the starting point for numerous practices; 
therefore, it is important that sufficient amounts of DNA can 
be extracted for analysis and that it is pure2-4. In recent years, 
DNA extraction has been optimized and there are several kits 
and protocols that facilitate this process1,4. Even so, as there 
are several tested and established methods for extraction 
through blood collected in Dry Blood Spots (DBS), it is not 
defined what the best storage conditions are5.

DBS themselves are especially useful in the field of gene-
tics as they are easy to harvest, store, and transport2,5-6. Since 
extraction is such a crucial step for performing various tech-
niques, it is important to study and define the best possible 
method; given that one of the great disadvantages of using 
DBS is precisely the difficulty in generating quantitative 
results and additionally the amounts of extracted DNA are 
sometimes low and of inferior quality7-11.

DBS blood sampling involves collecting lesser amounts of 
blood onto a cellulose or polymer paper, followed by drying 
the sample5,12. The collected blood can be directly depo-
sited onto the filter paper after a capillary puncture or after 
a venous blood collection5. This collection method is on the 
rise for sampling outside healthcare facilities5,13-14. The ease of 
storage and transport for DBS enables exchanges of informa-
tion between countries5-6,14. The use of DBS gains relevance in 
impoverished communities, without access to medical care 
and without the population being able to travel to scree-
ning and diagnosis centers5. This method of blood collection 
allows health professionals to travel to these communities, 
and the DBS to be taken to laboratories that are able to meet 
the needs of these populations, ensuring basic care to those 
most in need6. It is important to note that the method has 
disadvantages such as the impossibility of obtaining imme-
diate results and requiring the person to return for a confir-
matory test14. This collection method has grown so much in 
relevance that it is currently recognized and recommended 
by the World Health Organization (WHO), with the possibility 
of samples being sent to competent laboratories anywhere 
in the world11,14-15.

The main goal of the study was to correlate the storage 
conditions of DBS in venous and capillary blood with the effi-
ciency and purity of the DNA extraction, in order to evaluate 
the applicability potential of the method in communities 
without access to medical care.

Methods

Venous blood and capillary samples

Venous blood and capillary blood were collected from five 
healthy volunteers, one man and four women, between 18 
and 25 years old, without known pathologies. Venous blood 
was collected into an EDTA tube (3mL) through a closed-
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5.01±1.02ng/µL with a purity ratio average of 1.67±0.47; for 
the venous blood samples stored at 50 °C for 24 hours the 
average for the extraction was 0.93±0.52ng/µL with a purity 
ratio average of 1.35±1.69; for the capillary blood samples 
stored at 50 °C for 24 hours the average for the extraction was 
4.53±2.04ng/µL with a purity ratio average of 1.52±0.62; for 
the venous blood samples stored at 4 °C for seven days the 
average for the extraction was 1.98±0.79ng/µL with a purity 
ratio average of 1.41±0.24; for the capillary blood samples 
stored at 4 °C for seven days the average for the extraction 
was 5.31±1.10 ng/µL with a purity ratio average of 1.35±0.09; 

for the venous blood samples stored at RT for seven days the 
average for the extraction was 1.25±0.92ng/µL with a purity 
ratio average of 1.13±0.91; for the capillary blood samples 
stored at RT for seven days the average for the extraction was 
5.21±2.07ng/µL with a purity ratio average of 1.62±0.29; for 
the venous blood samples stored at 50 °C for seven days the 
average for the extraction was 1.31±0.96ng/µL with a purity 
ratio average of 2.37±2.38; for the capillary blood samples 
stored at 50 °C for seven days the average for the extraction 
was 5.55±3.72ng/µL with a purity ratio average of 1.71±0.74. 
These results are summarized in Table 1.

Figure 1. Scheme of the sample organization conditions for the optimization of DNA extraction in DBS from filter paper.

Table 1. Results of the average concentration of DNA extraction and average purity ratio (ABS 260/280) for each of the studied conditions

Experiment Conditions Nucleic Acid (ng/µL)
(Average ± SD)

ABS260/280
(Average ± SD)

24H_4 °C_CTRL 3.20±1.90 2.22±0.40

24H_4 °C_VB 1.91±0.55 1.71±0.64

24H_4 °C_CB 6.56±1.74 1.37±0.09

24H_RT_VB 2.37±0.81 1.73±0.64

24H_RT_CB 5.01±1.02 1.67±0.47

24H_50 °C_VB 0.93±0.52 1.35±1.69

24H_50 °C_CB 4.53±0.99 1.52±0.09

7D_4 °C_VB 1.98±0.79 1.41±0.24

7D_4 °C_CB 5.31±1.10 1.35±0.09

7D_RT_VB 1.25±0.92 1.13±0.91

7D_RT_CB 5.21±2.07 1.62±0.29

7D_50 °C_VB 1.31±1.01 2.37±2.21

7D_50 °C_CB 5.55±1.64 1.71±0.32
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DNA concentrations and purity divergence among the 
analyzed samples and storage conditions

In order to compare the results of DNA extraction and DNA 
purity between the control group and the test groups, a T-test 
was applied. We analyzed the extraction efficiency between 
the capillary and venous blood samples; the time between 
collection and extraction (24 hours and seven days) and 
the different temperatures of storage (4 °C, RT, and 50 °C)24. 
The results obtained were as follows: the p-value obtained 
between the comparison of the control and all the samples 
for the DNA extraction was 0.628 and for purity, the ratio was 
3.585×10−7; the p-value obtained for the comparison between 
the capillary blood and the venous blood for DNA extraction 
was 1.005×10−6 and for purity, the ratio was 0.689; p-value 
obtained for the comparison between the time of collection 
and DNA extraction was 0.924 and for purity, the ratio was 
0.830; the p-value obtained between the comparison of 4 °C 
and RT for DNA extraction was 0.764 and for purity, the ratio 
was 0.664; the p-value obtained between the comparison of 
4 °C and 50 °C for DNA extraction was 0.116 and for purity, the 
ratio was 0.298 and lastly the p-value obtained between the 
comparison of RT and 50 °C for DNA extraction was 0.137 and 
for purity, the ratio was 0.47824-25. The results can be observed 
in Tables 2 and 3. 

Our data demonstrated that the only results with a statisti-
cally significant difference (p<0.05) are the ones observed for 
the concentration of extracted DNA between capillary and 
venous blood samples and for the purity ratio between the 
control group and test group25. For all the other comparisons 
the p-value was higher than or equal to 0.05, meaning there 
was no statistically significant difference between the results 
of the various groups25.

Discussion

DBS has been described as a valuable alternative for 
sample collection for DNA extraction, however, the storage 
and transportation conditions (time and temperature) as well 
as sample type and volumes may influence DNA extraction 
efficiency and become a challenge.

Here we quantitatively and qualitatively compare the 
extraction of DNA from venous and capillary blood samples 
after being stored in six different conditions. According to 
the data obtained, it is possible to observe that there is not 
a statistically significant difference in the concentration and 
purity of DNA extracted related to the temperature or time 
of storage. According to the 2018, Badu-Boateng et al. study – 
that compared storage conditions (at 4 °C, at RT, and at -20 °C) 
for blood samples and its effect on DNA extraction – after 
less than two weeks the extracted DNA did not show signi-
ficant signs of degradation for all conditions26. The authors 
proposed that only after two weeks of DBS storage, a signi-
ficant decrease in the concentration of DNA extracted rela-
tive to the control could be observed. This agrees with our 
data that highlights that within one week of storage, the DNA 
concentration remains unchanged26.

The major difference observed in our study was between 
blood sample types (capillary and venous blood) regarding 
DNA concentration (p=1.005x10-6). Capillary blood samples 
resulted in DNA extraction of higher concentration, but with 
lower purity rates than venous blood samples independently 
of storage conditions. Meanwhile, venous blood, despite the 
DNA extraction of lower concentration, allows us to obtain 
samples with greater purity ratios (despite the difference not 
being statistically significant). Kazachkova et al. compare the 
use of venous and capillary blood for early determination of 
fetal sex, also reaching the conclusion that capillary blood 
can be used as a viable alternative for venous blood27. Further 
corroborating the obtained results, Kumar et al. performed an 
optimization of DNA extraction from capillary blood in DBS, 
concluding that these can be used for genetic studies10.

Overall, the concentration of DNA in all extraction condi-
tions was low. According to the DNA extraction kit manu-
facturer, the concentration of DNA from blood obtained for 
a venous sample should be between 30 and 40ng/µl. Thus, 
for the 8ul used, the extracted DNA should be present at 
higher concentrations28. Despite this, Strøm et al. compared 
four methods of DNA extraction in DBS and reported poorer 
results in stored samples; confirming that there can be 
expected a decrease in the concentration of extracted DNA, 
as also verified in the present study29. Moreover, Tuaillon et al. 

Table 2. Results of the p-value for the T-test comparison of the control 
group vs test group, capillary blood vs venous blood, 24 hours vs 7 days, 
4 °C vs RT, 4 °C vs 50 °C and RT vs 50 °C, regarding the concentration of 

DNA extracted

Conditions analysis p-value

Control group vs Test group 0.628

Capillary blood vs Venous blood 1.005

24 hours vs 7 days 0.929

4 °C vs RT 0.764

4 °C vs 50 °C 0.116

RT vs 50 °C 0.137

Table 3. Results of the p-value for the T-test comparison of the control 
group vs test group, capillary blood vs venous blood, 24 hours vs 7 days, 
4 °C vs RT, 4 °C vs 50 °C and RT vs 50 °C, regarding the purity ratio of DNA 

extracted

Conditions analysis p-value

Control group vs Test group 3.585

Capillary blood vs Venous blood 0.689

24h vs 7 days 0.830

4 °C vs RT 0.664

4 °C vs 50 °C 0.298

RT vs 50 °C 0.478
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used DBS for diagnosis and monitoring of HIV and hepatitis B 
and C and reported that despite the performance of DBS not 
being optimal, it is high enough for DBS to be considered a 
useful tool for infectious despise diagnosis in hard-to-reach 
populations14.

On the other hand, the purity of DNA in all assays was 
also lower than expected, when comparing the results of 
the purity ratios for the control group with the test group, 
as the values for the test group were statistically signifi-
cantly lower (p=3.585x10-7). Considering that all samples 
were properly conditioned and sealed there should not have 
been any contamination. The ideal ABS260/280 ratio is close 
to 1.8, although some sample values are considered suffi-
cient (24H_4 °C_VB: 1.71±0.64; 24H_RT_VB: 1.73±0.64 and 
7D_50  °C_CB: 1.71±0.74), most were either too high or too 
low6,23. These results may have been a consequence of the 
low concentrations obtained, which increased the error asso-
ciated with the reading of the absorbance by the Nanodrop® 
OneC20-21. Furthermore, technical errors due to working with 
such small volumes might also have occurred. Hue et al. used 
1cm punches of DBS from capillary blood and obtained an 
average DNA concentration of 7.7ng/µL, also using a commer-
cial kit; they were able to obtain results with a purity of 1.830. 
Proving that with only a slightly higher volume of blood, it 
would be possible to obtain a more accurate reading for the 
purity ratio30. Therefore, for future studies, it is recommended 
to collect a higher volume of blood, in order to reduce these 
errors.

Conclusion

Our data demonstrated that the assessed time and tempe-
rature of storage do not influence the concentration or purity 
of the DNA extracted from DBS. On the other hand, capillary 
blood samples allow for the extraction of higher concentra-
tions of DNA, although less pure. Therefore, DBS using capil-
lary blood samples can be applied in communities without 
access to medical care to perform DNA extraction, although, 
with some applicability limitations associated with the low 
concentration and purity of the DNA obtained.

Authors contribution. Conceptualization, AA, AX, BT, ER, 
and MB; methodology, AA, AX, and BT; formal analysis, AA, 
AX, BT, ER, and MB; investigation, AA, AX, BT, ER, and MB; 
resources, MB, and ER; writing—original draft preparation, 
AA, AX, BT, ER, and MB; writing—review and editing, BT, MB, 
and ER; supervision, MB, and ER; project administration, MB, 
and ER; funding acquisition, MB, and ER. All authors have read 
and agreed to the published version of the manuscript.

Acknowledgements  

H&TRC authors gratefully acknowledge the FCT/MCTES 
national support through the UIDB/05608/2020 and 
UIDP/05608/2020. The authors acknowledge the institutional 
support given by Escola Superior de Tecnologia da Saúde de 
Lisboa – Instituto Politécnico de Lisboa.

References

1. Durmaz AA, Karaca E, Demkow U, Toruner G, Schou-
mans J, Cogulu O. Evolution of genetic techniques: past, 
present, and beyond. Biomed Res Int. 2015;2015:461524.

2. Tan SC, Yiap BC. DNA, RNA, and protein extraction: the past 
and the present. J Biomed Biotechnol. 2009;2009:574398.

3. Gupta N. DNA extraction and polymerase chain reaction. 
J Cytol. 2019;36(2):116-7.

4. DNA extraction [homepage]. In: What is biotechnology? 
[cited 2022 Jun 15]. Available from: https://www.whatis-
biotechnology.org/index.php/science/summary/extrac-
tion/dna-extraction-isolates-dna-from-biological-mate-
rial 

5. Li W, Lee MS, editors. Dried blood spots: applications and 
techniques. Wiley; 2014. ISBN 9781118054697 

6. Common uses for DNA extraction [homepage]. In: Revo-
lutionary Science [cited 2022 Jun 15]. Available from: 
https://www.revsci.com/blogs/biotechnology/common-
-uses-for-dna-extraction 

7. Sungkanuparph S. Practice point 33: antiretroviral 
management in low- and middle-income countries. 
In: Cohen J, Powderly WG, Opal SM, editors. Infectious 
diseases (Vol. 2). 4th ed. Elsevier; 2017. p. 936-7.e1. ISBN 
9780702062858 

8. Jurado C. Blood. In: Siegel JA, Saukko PJ, Houck MM, 
editors. Encyclopedia of forensic sciences. 2nd ed. 
Waltham: Academic Press; 2013. p. 336-42. ISBN 978-0-12-
382166-9 

9. Ghantous A, Saffery R, Cros MP, Ponsonby AL, Hirsch-
feld S, Kasten C, et al. Optimized DNA extraction from 
neonatal dried blood spots: application in methylome 
profiling. BMC Biotechnol. 2014;14:60.

10. Kumar A, Mhatre S, Godbole S, Jha P, Dikshit R. Optimiza-
tion of extraction of genomic DNA from archived dried 
blood spot (DBS): potential application in epidemiolo-
gical research & bio banking. Gates Open Res. 2019;2:57.

11. Mei JV, Alexander JR, Adam BW, Hannon WH. Use of filter 
paper for the collection and analysis of human whole 
blood specimens. J Nutr. 2001;131(5):1631S-6S.

12. Grüner N, Stambouli O, Ross RS. Dried blood spots: 
preparing and processing for use in immunoassays and 
in molecular techniques. J Vis Exp. 2015;(97):52619.

13. Panda BB, Meher AS, Hazra RK. Comparison between 
different methods of DNA isolation from dried blood 
spots for determination of malaria to determine specifi-
city and cost effectiveness. J Parasit Dis. 2019;43(3):337-
42.

14. Tuaillon E, Kania D, Pisoni A, Bollore K, Taieb F, Ngoyi EN, 
et al. Dried blood spot tests for the diagnosis and thera-
peutic monitoring of HIV and viral hepatitis B and C. Front 
Microbiol. 2020;11:373.

15. World Health Organization. Preparation of blood spots 
on filter paper. Geneva: WHO; 2016.

16. Thermo Fisher Scientific. DNA reference guide: sample 
preparation and purification solutions. Wilmington: 
Thermo Fisher Scientific; 2017.

https://www.whatisbiotechnology.org/index.php/science/summary/extraction/dna-extraction-isolates-dna-from-biological-material
https://www.whatisbiotechnology.org/index.php/science/summary/extraction/dna-extraction-isolates-dna-from-biological-material
https://www.whatisbiotechnology.org/index.php/science/summary/extraction/dna-extraction-isolates-dna-from-biological-material
https://www.whatisbiotechnology.org/index.php/science/summary/extraction/dna-extraction-isolates-dna-from-biological-material
https://www.revsci.com/blogs/biotechnology/common-uses-for-dna-extraction
https://www.revsci.com/blogs/biotechnology/common-uses-for-dna-extraction


SAÚDE & TECNOLOGIA . NOVEMBRO | 2023 | #29 | P. 729 . ISSN: 1646-9704

17. Holub M, Tuschl K, Ratschmann R, Strnadová KA, Mühl A, 
Heinze G, et al. Influence of hematocrit and localisation 
of punch in dried blood spots on levels of amino acids 
and acylcarnitines measured by tandem mass spectro-
metry. Clin Chim Acta. 2006;373(1-2):27-31.

18. QIAGEN. QIAamp® DNA mini and blood mini handbook 
[homepage]. QIAGEN; 2016 [updated 2023 Jun]. Available 
from: https://www.qiagen.com/us/resources/resourcede-
tail?id=62a200d6=-fa4f469-b-50bf2-59bc738962f&lang-
en 

19. QIAGEN. QIAamp® blood mini kit [homepage]. QIAGEN; 
2018. Available from: https://www.qiagen.com/us/
products/discovery-and-translational-research/dna-rna-
-purification/dna-purification/genomic-dna/qiaamp-d-
na-blood-kits 

20. Thermo Fisher Scientific. Nucleic acid: thermo scientific 
NanoDrop spectrophotometers. Wilmington: Thermo 
Fisher Scientific; 2010 [updated 2011 Nov].

21. Thermo Fischer Scientific. NanoDrop One: user guide 
[Internet]. Wilmington: Thermo Fischer Scientific; 2021. 
Available from: https://assets.thermofisher.com/TFS-As-
sets/MSD/manuals/nanodrop-one-user-guide-EN-
-309102-REV-A.pdf 

22. Lee A. DNA concentration measurement at 260 nm 
using Photopette® Bio [homepage]. Tip Biosystems; 2017. 
Available from: https://tipbiosystems.com/applications/
dna-concentration-measurement-at-260-nm-using-pho-
topette-bio/ 

23. What is the significance of the 260/280 and the 260/230 
ratios? [homepage]. AAT Bioquest; 2020 Feb 4 [cited 
2022 Jun 15]. Available from: https://www.aatbio.com/
resources/faq-frequently-asked-questions/What-is-the-
-significance-of-the-260-280-and-the-260-230-ratios 

24. Bradburn S. How to perform T-tests in Excel [Internet]. 
Top Tip Bio; 2017 [cited 2022 Jun 15]. Available from: 
https://toptipbio.com/t-tests-excel/ 

25. Botelho F, Silva C, Cruz F. Epidemiologia explicada: o valor 
de prova (p). Acta Urol. 2008;25(3):55-7. Portuguese

26. Badu-Boateng A, Twumasi P, Salifu SP, Afrifah KA. A 
comparative study of different laboratory storage condi-
tions for enhanced DNA analysis of crime scene soil-
-blood mixed sample. Forensic Sci Int. 2018;292:97-109.

27. Kazachkova N, Gontar J, Verlinsky O, Ilyin I. Successful 
early fetal sex determination using cell-free fetal DNA 
isolated from maternal capillary blood: a pilot study. Eur J 
Obstet Gynecol Reprod Biol X. 2019;3:100038.

28 How much DNA and RNA can be expected from human 
blood cells? [Internet]. QIAGEN; s.d. [cited 2022 Jun 15]. 
Available from: https://www.qiagen.com/us/resources/
faq?id=01070e31=3-4ac42-7d870-c-8005285889ef&lang-
en 

29. Strøm GE, Tellevik MG, Hanevik K, Langeland N, Blom-
berg B. Comparison of four methods for extracting DNA 
from dried blood on filter paper for PCR targeting the 
mitochondrial Plasmodium genome. Trans R Soc Trop 
Med Hyg. 2014;108(8):488-94.

30. Hue NT, Chan ND, Phong PT, Linh NT, Giang ND. Extrac-
tion of human genomic DNA from dried blood spots and 
hair roots. Int J Biosci Biochem Bioinf. 2012;2(1):21-6.

Conflicts of interest

The authors declare no conflict of interest.

Artigo recebido em 10.01.2023 e aprovado em 02.10.2023

https://www.qiagen.com/us/resources/resourcedetail?id=62a200d6-faf4-469b-b50f-2b59cf738962&lang=en
https://www.qiagen.com/us/resources/resourcedetail?id=62a200d6-faf4-469b-b50f-2b59cf738962&lang=en
https://www.qiagen.com/us/resources/resourcedetail?id=62a200d6-faf4-469b-b50f-2b59cf738962&lang=en
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/genomic-dna/qiaamp-dna-blood-kits
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/genomic-dna/qiaamp-dna-blood-kits
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/genomic-dna/qiaamp-dna-blood-kits
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/genomic-dna/qiaamp-dna-blood-kits
https://assets.thermofisher.com/TFS-Assets/MSD/manuals/nanodrop-one-user-guide-EN-309102-REV-A.pdf
https://assets.thermofisher.com/TFS-Assets/MSD/manuals/nanodrop-one-user-guide-EN-309102-REV-A.pdf
https://assets.thermofisher.com/TFS-Assets/MSD/manuals/nanodrop-one-user-guide-EN-309102-REV-A.pdf
https://tipbiosystems.com/applications/dna-concentration-measurement-at-260-nm-using-photopette-bio/
https://tipbiosystems.com/applications/dna-concentration-measurement-at-260-nm-using-photopette-bio/
https://tipbiosystems.com/applications/dna-concentration-measurement-at-260-nm-using-photopette-bio/
https://www.aatbio.com/resources/faq-frequently-asked-questions/What-is-the-significance-of-the-260-280-and-the-260-230-ratios
https://www.aatbio.com/resources/faq-frequently-asked-questions/What-is-the-significance-of-the-260-280-and-the-260-230-ratios
https://www.aatbio.com/resources/faq-frequently-asked-questions/What-is-the-significance-of-the-260-280-and-the-260-230-ratios
https://toptipbio.com/t-tests-excel/
https://www.qiagen.com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en
https://www.qiagen.com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en
https://www.qiagen.com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en

