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Abstract 

This review describes methods to determine both the reliability of DBS-based bioanalysis for a defined use case and the optimal 
conditions that minimize pre-analytical sources of data variability. DBS was determined to not be feasible because of 
technology limitations or physiological properties of a targeted analyte. The analysis of blood spotted and dried on a matrix (i.e. 
"Dried Blood Spot" or DBS) has been used since the 1960s in clinical chemistry; mostly for neonatal screening. Since then, 
many clinical analytes, including nucleic acids, small molecules and lipids, have been successfully measured using DBS. 
Although this pre-analytical approach represents an interesting alternative to classical venous blood sampling, its routine use is 
limited. Here, we review the application of DBS technology in clinical chemistry, and evaluate its future role supported by new 
analytical methods such as mass spectrometry and HPLC.   
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1.  Introduction 

Bioanalysis is the analysis covering the quantitative measurement of xenobiotics (drugs and their metabolites, and biological 
molecules) and biotics (macromolecules, proteins, DNA, large molecule drugs, metabolites) in biological system. Dried blood 
spot testing (DBS) is a form of biosampling where blood samples are blotted and dried on filter paper. The dried samples can 
easily be shipped to an analytical laboratory and analysed using various methods such as DNA amplification or HPLCP

1
P. 

1.1 History 

In 1963 Robert Guthrie introduced Dried blood spot analysis or Neonatal screening for phenylketonuria P

1
P.DBS analysis is 

available blood tests include vitamin D, estrogen, testosterone, cortisol, TSH and lipids, congenital hypothyroidism, sickle cell 
disorders and HIV infectionP

2
P. 

The concept of depositing finger prick-derived blood on laboratory filter paper, the precursor of DBS, was first described in the 
1860s for glucose measurementsP

15
P and in the 1960s for screening metabolic disorders in newborns using heelprick-derived 

blood.3One of the popular DBS formats is the Whatmann 903 card, which is composed of cotton-based filter paper within a 
rigid cardboard frame for handling and labeling. The paper is ink-printed with five half-inch circles that direct the user to the 
location for depositing a specimen. Blood-deposited cards are typically dried in an open environment by suspension in ambient 
air or under forced circulation in a laboratory or hospital. 

1.2. Principle 

The biological material binds to the matrix of the filter paperP

3
P. The process of drying excludes water which is an important 

factor necessary for protease or nuclease to act on it. 

1.3 Types of DBS cards 

The appropriate selection of the card should be based on the analyte properties and its stabilization requirements, extraction 
efficiency, and method of analysis. Basic DBS formats include the paper-based Whatmann 903 and Ahlstrom 226 cards, and 
specialized cards include the Flinders Technology Associates (FTA) Drug Metabolism and Pharmacokinetics (DMPK) cards 
that are impregnated with cell lysis and analyte stabilizing materials. Examples of commercially available dried blood spot 
cards:Table :1 
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Table:1 Examples of dried blood spot cards 

 

2. Procedure involved in DBS 

 
Fig. 1 Overview of steps involved in DBS 

        2.1 Sample Collection 

        Compared with venipuncture, the value proposition of DBS is simplified logistics for remote sampling throughP

6
P: 

• Reduced workforce requirements 

• Smaller volumes of blood and components (plasma and serum) 

• Direct heelprick/fingerprick-to-DBS or indirect capillary-to-DBS deposition of blood 

• Collection of non blood biofluids such as saliva. 

• Simplified transport, shipment, and disposal 

• Simplified biobanking for retrospective analysis. 

2.2 Extraction Process  

The extraction methods of DBS sample including solvent extraction, protein precipitation, liquid–liquid extraction and solid 
phase extractionP

6
P. The analysis was performed using high-performance liquid chromatography-positive electrospray tandem 

mass spectrometry. 

 

Brand name Use case Manufacturer 
GE/Whatman FTA DMPK-A  DNA stabilization with smaller 

blood volumes (10–20 μL) 
compared with FTA/DMPK-B 

GE Healthcare 

GE/Whatman 903 sample collection 
cards  

Cell lysis and protein denaturation 
on contact 

GE Healthcare 

GE/Whatman FTA DMPK-C  protein-based analysis GE Healthcare 
AdvanceDx100 Separation of serum from finger-

stick blood 
Advance  

 Microsampler Fixed-volume blood collection 
(volumetric absorptive 
microsampling) 

Neoteryx 
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Fig. : 2 Extraction process of DBS sample 

2.3 Storage Conditions 

The impact of post-collection storage conditions on data quality has been extensively evaluated by multiple communities, 
focused on the type of card, time, temperature, humidity, and storage methods. P

13
P Temperature and humidity conditions directly 

affect the ability to detect specific amino acids and metabolites routinely measured for newborn screening. DBS was more 
consistent if samples were stored at temperatures less than −20°C immediately after specimen acquisition, with time and 
temperature imparting various degrees of degradation for specific mRNA profiling targets and housekeeping genesP

9
P. Lower 

temperatures is not the solution for all analytes; three polyunsaturated fatty acids used to screen newborns for neural 
development and visual function were found to have significant degradation after 10 days of storage at −28°C, with a high 
degree of intra individual variability, when measured from umbilical blood dried on Ahlstrom 226 cards. P

14 

2.4 Analyte Stability  

The length of time required for air-drying will depend on the local environmental conditions such as air conditioning, room 
temperature and humidity. DBS drying usually takes from 90 minutes to approximately 4 hours and ideally, the DBS sample 
should not be left exposed to direct strong sunlight during this period P

5
P. Changes to the collection process to improve stability 

include:  

1) Rapidly lowering the pH of the spotted blood sample to extend the stability time of some structurally unstable drugs which 
degrade during the drying process. 

2) Use of ethylene diamine tetra acetic acid (EDTA) as an anticoagulant to preserve and stabilise DBS samples for enzyme 
activity determination. 

Variable affecting measurements for specimens collected on filter paper P

6 

• Homogeneity among production lots 

• Variance among manufacturers 

• Variance within a collection card 

• Cutting process 

• Handling and storage of paper 

• Humidity condition of paper 

• Volume of blood collected 

• Hematocrit level of blood donor 

• Absorption time for blood 
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2.5 Collection Problems 

 

Fig.:3 Collection problems 

 A – Valid specimen, 

a – Invalid specimen 

3. Applications 

1) For the detection of phenylketonuria, hypothyroidism, adrenal hyperplasia, cystic fibrosis and sickle cell disease (in 
some areas). 

2) DBS nucleic acid detection is mainly used in screening for viral diseases such as cytomegalovirus , herpes simplex virus 
, hepatitis A , hepatitis C and HIV . 

3) The immuno turbidimetric assay for glycated hemoglobin (to monitor glycemic balance in diabetic patients).  
4) Detecting narcotics, such as cocaine. 
5) .DBS has since played an important role, mainly by the screening of antimalarial and antiretroviral drugs by mass 

spectrometry (LC/MS). 
DNA micro-extraction from dried blood has allowed the detection of mutations responsible for diseases such as cystic 
fibrosis, X fragile syndrome , Spinal Muscular Atrophy, Cancers .  

 
Table : 2 List of analyte and analytical technique 

 

6)  
  

 

 

4.Case studies 

4.1 Dried Blood Spot Analysis Suitable for Therapeutic Drug Monitoring of  Voriconazole , Fluconazole , and Posaconazole15 
 Sample collection: DBS samples were obtained through a finger prick with a lancet puncture (BD Microtainer contact-activated 
lancet; 2.0 by 1.5 mm). The first drop of blood was wiped and discarded; after that, the blood was dropped directly onto a 
Whatman FTA DMPK-C paper card (GE Healthcare, the Netherlands). Venous dried blood spot (VDBS) samples were 
prepared by pipetting 50 μl of venous whole blood onto the paper cards. The remaining whole blood was centrifuged at 3,000 
rpm for 5 min to obtain plasma, which was stored at −20°C until analysis. The DBS and VDBS samples were left to dry at room 
temperature for 3 h and were stored in sealed plastic bags with desiccant sachets at −20°C until analysis. 

4.2 Retinol Analysis in Dried Blood Spots by HPLC P

19 

Sample collection: Samples of venous blood were collected in vacuum tubes containing EDTA as an anticoagulant.  

Extraction : Punch from the center of  the collection card. Place in a  borosilicate test tube. Add 1 mL of phosphate buffer  was 
added. Sonicated  for 15 min in an ultra sonicator. Add 100 mL of internal standard.  Add 900 mL of ethanol. Add 50 mmol /L 

Analyte Analytical technique 
Vitamin D LC-MS/MS 
Amphetamines GC-MS 
Caffeine LC-MS/MS 
Simvastatin TLC-MS 
Rifampicin LC-MS/MS 
HIV protease inhibitors LC-MS/MS 
Cyclosporine A LC-MS/MS 
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hydroquinone(antioxidant). Vortex mixing for 20 s. Add 2 mL of hexane .Vortex-mixed for 1 minute . Centrifugation Evaporate 
hexane layers under a nitrogen stream. Dissolved in 60 mL of mobile phase.  Sonicating 10 s and vortex mixing 30 s. The 
residue was then reconstituted with  mobile phase. The aliquot was injected into the HPLC system. 

Chromatographic conditions 

• Column - Betasil C8 (3µm, 4.6 x 150 mm)  
• Mobile phase - methanol/water (95:5, v/v)  
• Flow rate  - 1.0 mL/min. 
• Detector – Fluorescence detector 325 nm   
• Run  time - 4.6 m 
• Injection volume – 20 
• Internal standard- Retinyl  acetate. 

4.3 Analysis of Rifampicin in Dried Blood Spot of Tuberculosis Patients P

20 

Sample Preparation : 1000 μL whole blood which contain 1 µg/mL rifampicin was collected by pricking finger. 

Extraction : Add 50 µl cilostazol as internal standard with concentration of 10 µg/ mL . Add 1 mL acetonitrile and methanol . 
Vortex mixed for 2 minutes. The tube was then centrifuged for 15 min at 10.000 rpm. Organic phase was transferred to another 
tube . Evaporate with Nitrogen gas for 20 minutes at 35°C.  The residue was then reconstituted with 200 μL mobile phase.  The 
aliquot was injected into the HPLC system.  

Chromatographic Condition 

• C-8 (5 µm, 250 x 4.6 mm).  
• Mobile phase - 50 mM ammonium acetate buffer (pH 4.5) acetonitrile – methanol (40:30:30) with an isocratic elution.  
• Injection volume was 20 μl.  
• Detection was carried out at 261 nm. 
• The column temperature was 40°C. 
• The flow rate was 0.5 ml/min. 
• Detector: Florescence detector 

4.4  Stability of Benzodiazepines and Cocaine in Dried Blood Spots P

14 

Sample collection: Blood is collected by pricking of the finger ethylene diamine tetra acetic acid (EDTA) as anticoagulant.  

Extraction: Solid phase extraction: Three different solvents (methanol, ethyl acetate, and ACN). Add DBS punched cards into  
phosphate buffer (pH 6). Add deuterated internal standard. Then vortex mixed and placed in an ultrasonic bath for 1 h to extract 
the drugs from the paper. The sample extracts were then passed through the cartridges with no vacuum applied. Elution of 
analytes - 3 mL of ethyl acetate/ammonia (98:2, v/v).  The extracts were dried under stream of nitrogen. Residues were 
reconstituted in 100 μL of HPLC mobile phase.  

Chromatographic Condition 

1. Column: Gemini C18 column (150 mm × 2-mm i.d, 5-μm particle size). 

2. Mobile phase : Aqueous ammonium formate and ACN(65:35). 

3. Analysis is done by LC- MS- MS.  

4.5 Quantitative Analysis of Sitamaquine in Dried Blood Spot Samples P

21 

Whatmann filter Paper with blood spot is cut into triangle of 7.2 mm base width × 11 mm height.  Add solvent (25 μL of 90% 
methanol:10% water ) with 100 ppm acetic acid,  to the paper using a pipette. The spray voltage is set to 3500 V(ESI) .  

Internal standard: [ P

2
PHR10R] sitamaquine.  

Sample preparation: Punch from the center of the blood spot and extract. Internal standard is spiked. Transfer the extract to a 
fresh tube. Centrifuging the sample to remove any particulates. Transfer the supernatant to a fresh tube. Drying the sample and 
resuspending it in a new solvent, and performing HPLC-MS/MS analysis.  

5. Conclusion 
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The use of DBS has many advantages in terms of sampling, transportation, storage and biosafety when compared to classical 
collection methods. One interesting aspect of DBS is the possibility of simplified “self/home blood sampling”. The patient will 
be able to independently and safely collect a blood sample. The DBS will then be sent to the laboratory. The detection and 
follow-up of metabolic, infectious and chronic diseases could therefore rely on the use of DBS. DBS kits for a broad range of 
analytes often grouped into panels for hormonal, metabolic or cardiovascular diseases. 
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