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The dried blood spot sampling method in the laboratory medicine
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ABSTRACT

The minimization is currently expanding in all fields of human life. The smaller size of analytical instruments
and their higher sensitivity enables an analysis of small amounts of a biological material with a very low con-
sumption of chemicals, what is economically and also environmentally beneficial. A patient friendly and minimal
invasive sample collection is therefore more than required. The dried blood spot (DBS) sampling standardly
used in the newborn screening (NS) may be an option. The sample collection is simple, non-invasive, does
not require trained medical personnel assistance and also storing and transportation of these samples is much
easier in comparison with the whole blood samples. The DBS sampling method is used in the therapeutic drug
monitoring or in the diagnosis of infectious diseases and its usage is still spreading. In some cases, it is still
only a research object, but it shows a big potential for a future use. It could completely replace the whole ve-
nous blood collection in some cases, for example in the metabolic screening of diabetic patients or monitoring
of treatment response, and it can overall simplify the sample collection and the transportation process (Tab. 1,

Ref. 152). Text in PDF www.elis.sk.
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Introduction

The dried blood spot (DBS), a new sampling technique, was
first introduced by Ivar Christian Bang in 1913 for the determi-
nation of blood sugar levels in rabbits (1). Subsequently, several
scientists used this type of sample collection in their studies, but
it became popular only in 1963, thanks to Robert Guthrie, who
used it for sample collection in the neonatal screening of phenyl-
ketonuria. The capillary blood from a newborn’s heel was saturated
onto cellulose filter paper to detect levels of phenylalanine that
is typically elevated in the disease. A disc was punched out from
DBS sample and transferred to an agar plate containing Bacillus
subtilis and a competitive inhibitor (beta-2-thienylalanine). The
phenylalanine from the sample competed with the inhibitor, and
the disease was detected by a zone of growth around the disc (2).

Currently, DBS is a standard sampling method in newborn
screening of different diseases all over the world (the number and
type of screened diseases vary from country to country). It allows
us to analyze not only biochemical markers, but also nucleic ac-
ids. The whole process of blood collection, sample handling and
transport conditions, to ensure the maximal quality, is published
in a standard manual (3).
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Due to a lot of advantages, in comparison with plasma or whole
blood samples, DBS has become a very interesting sampling meth-
od in other analytical fields as well, like therapeutic drug moni-
toring (TDM), diagnostics of infectious diseases, metabolomics
and so on. In contrast to newborn screening, the methodology of
sample collection, handling and processing in these cases has not
been unified yet. If the analytes of interest are defined with long-
term stability, also the cards from newborn screening, that have
been stored for years, could be used for retrospective studies (4, 5).

Advantages and disadvantages

In a comparison with classic liquid samples, DBS sampling has
several advantages. One of the most important is a less invasive
sample collection that is acceptable mainly in case of newborns,
small children, and older people or needle-phobic patients. The
small incision of a finger pad by a special lancelet is nearly pain-
less and without special practicing can be performed by patients
themselves or by other adults. In the case of newborns, even par-
ents can prick the heel, thus, the need for qualified medical per-
sonnel is minimized. DBS cards can be stored very easily. After
drying and eventual overlaying with a protective layer, the cards
can be put on top of each other, thereby requiring less space. With
the drying process, the most analytes become more stable and the
need for low temperatures during storage then disappears. So,
the transportation of those samples is much easier. It can be said,
with exaggeration, that DBS samples can be collected by patients
themselves and sent to a laboratory by post without the need of
freezing. However, particular attention must be taken, because the
temperature and humidity in mailboxes can rise according to the
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weather conditions, which could harm the samples. In one of the
studies van Amsterdam and Waldrop pointed out that depending
on local conditions, distance and weight, more or less 200 euros
per shipment could be saved by shipping DBS samples instead of
plasma. It is also mentioned that approximately 30 % of all plasma
samples are shipped in an incorrect way (incorrect packaging, doc-
umentation and so on) (6). On account of drying, viruses, such as
HIV (human immunodeficiency virus) or HBV (hepatitis B virus),
are not able to survive due to the disruption of the virus envelope,
thus the risk of the transfer of blood borne diseases is minimized.
Where animal experiments are necessary, DBS sample collection
refines and reduces them. So, instead of taking several milliliters of
blood, only few drops are necessary. For example, the total blood
volume of a laboratory mouse is only 1.5 ml on average, so DBS
sampling is suitable if more than one sample is needed. The low
volume of biological material requires more sensitive analytical
techniques, but, on the other hand, the amount of chemicals used
in the processing of such samples is significantly lower, which is
environmentally beneficial. Due to a very low sensitivity or prob-
lematic stability, the DBS sampling method is not 100 % appropri-
ate for all analytes and the determination of some of them can be
challenging. Most of all, the influence of other blood components
must be considered (mainly different haematocrit levels among
individuals — see Effect of matrix). A DBS sample is the mixture
of plasma and blood elements, thus the concentration values can-
not correspond to routinely used plasma reference levels and must
be set, when establishing a method.

DBS sample collection

The skin must be disinfected with alcohol before being punc-
tured and then allowed to air-dry. The blood can be taken from
the finger, heel or ear lobe, by pricking with an automatic lancet.
The first drop should be wiped away. The other blood drop can
then be applied onto a sampling paper/card within the marked
area that should be touched neither before, nor after blood ap-
plication (especially while the sample is still wet). The indicated
area should be homogeneously filled with blood (preferably with
only one drop if it is possible) and show the same red color from
both sides of filter paper. A DBS sample prepared like this should
be left to air-dry in the horizontal position at ambient temperature
for a minimum of 2-3 hours. Contact with other surfaces, direct
sunlight exposure or the presence of any other heat sources, should
be avoided (4, 7-9).

DBS sample can also be prepared by pipetting whole-venous
blood from the tube with an anticoagulant in the middle of the
indicated area. The blood is dosed in a particular amount with a
calibrated pipette and disposable plastic tip. Thus, the error, due
to the variable volume of blood on the filter paper, is minimized.
The DBS sample must be prepared as soon as possible after an-
ticoagulated whole-venous blood collection (not more than 24
hours after venepuncture). Drying conditions are the same as in
the previous case. With this approach, the benefit of a less invasive
sample collection is cancelled, but, on the other hand, there are
benefits if venepuncture is required for some other examination.
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For example, collection of samples for research can be done in
this way in a medical laboratory, with only the written consent of
the patient, and without any additional punctures (4, 7).

Type of a filter paper

The DBS samples can be collected on the different types of fil-
ter papers that are available on the market. They are all made from
100 % pure cotton linters, but can vary in pore size or thickness
and influence the absorptivity of blood (7). It was investigated if
the type of filter paper can influence the results of DBS analysis.
Some studies indicate that differences can be observed, mainly at
extremely high or low analyte concentrations or extreme haema-
tocrit levels (10, 11). However, according to Koster et al, all types
of filter papers tested reported the same haematocrit level and the
same pattern of recovery dependence on concentration. Mei et al
propose that the results of analysis among different DBS cards
are comparable (12). In the newborn screening programs, the un-
treated filter papers are mostly used and they are controlled also
among different lots of the same manufacturer to ensure that the
same conditions are preserved (8, 13). The untreated papers can
be modified when soaked with various chemical solutions and al-
lowed to air-dry in order to increase stability of analytes or in any
other way to positively affect the character of DBS sample. The
chemically-treated papers can also be found in the market. They
were initially designed for nucleic acid analysis and they should
cause cell lysis, protein denaturation or pathogen inactivation (13).
The use of alternative filter paper for DBS sample collection, for
example chromatographic (14), or even non-cellulose-based ma-
terials, like glass (15), are also mentioned in certain studies, but
their usage is not significant.

DBS storage and stability

The quality of DBS samples can be negatively affected by
moisture and humidity, which can cause bacterial growth, a degra-
dation of molecules of interest or a variation in extraction recovery.
Complete drying is therefore necessary before storing. The DBS
samples should be protected even during storage either by adding
desiccant to gas permeable zip-closure packaging or by overlaying
them with paper. With the aim to increase stability, samples with
less stable analytes should be stored at lower temperatures (4 °C,
—20 °C or —80 °C), but if the molecules in the DBS samples are
stable, room temperature is also appropriate (7-9).

For example, enzymes can be degraded very quickly, especially
with higher temperatures (16, 17). However, lysosomal enzymes
show a very good stability even at ambient temperature, so the
DBS technique can be easily used for the diagnosis of lysosomal
storage diseases (18, 19). The stability of nucleic acids in DBS
varies depending on the type of nucleic acid. Studies for HIV
detection show that DNA is more stable in DBS samples than
RNA. Whereas DNA is stable at least one year even, when stored
at 37 °C, in most cases RNA is unstable under these conditions.
Otherwise, RNA shows a good stability at =70 °C (6—9 months,
depending on viral load) (20, 21). C-reactive protein (CRP) lev-
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els decrease quickly in DBS, when stored at ambient temperature,
since its stability under these conditions is only 3 days. However,
storage at —20 °C prolongs stability for at least one year (22, 23).
Immunoglobulins (IgG, IgM, IgA) for hypogammaglobulinemia
detection are stable in DBS for 14 days at ambient temperature,
but they degrade after 3 days, when stored at 37 °C (24).

The knowledge of analyte stability is crucial, when using the
DBS method. Stable molecules are well preserved by drying, but
the degradation or modification of less stable molecules presents
a problem. Then, it must be considered very carefully if DBS is
a suitable method for sample collection (7, 25-27). The stability
can be positively affected by adding other substances to the filter
paper before sample collection. For example, glutathione is sub-
jected to non-enzymatic autoxidation and enzymatic conversion
that can be stopped by pre-treating the filter paper with a reduc-
ing agent (for instance dithiothreitol) (28). Similarly, peroxidation
of polyunsaturated fatty acids can be limited by adding butylated
hydroxytoluene (BHT) (29).

Effect of the matrix

The most frequently reported component of blood, affect-
ing the DBS samples, is haematocrit (HCT) (30-37). Its value
indicates the percentage of erythrocytes in total blood volume
and differs not only among individuals, but also during different
disease states of one organism. The typical HCT level for men is
46 + 6 % and for women is 41 £ 5 %, but it can vary from 28-67
% in some certain populations (neonates, 2—12 year old children)
(7, 32, 38, 39). Moreover, capillary blood tends to have a higher
HCT level than venous blood (40). HCT is closely related to blood
properties, and that is why it can affect its behaviour, when spot-
ting onto filter paper and can cause significant assay bias, mainly
at very low or at very high concentrations. The blood becomes
more viscous with high HCT levels, which means that the ab-
sorptivity and spreading of blood on filter paper is very poor in
comparison with low HCT levels and the volume of blood in a
punched disc may vary (7, 9, 25, 37, 39). The recommended, but
not frequently used, manner of how to overcome this problem is
an involvement of different HCT levels in method validation. The
interval, in which the results are still valid, should be defined. Then,
it should be decided if the HCT of the DBS samples is within this
range or not. The measurement of the HCT level is not problem-
atic, when using venous anticoagulated blood for preparation of
DBS samples. However, this practice excludes the possibility of
blood sampling by patients themselves at home, which is reported
as one of the main advantages of using the DBS sampling method
(32, 37). An alternative approach must be used, when samples are
prepared from capillary blood or are already dried. The measure-
ment of some other parameter that correlates with the HCT level
(for example, potassium) can be performed (30, 41). Moreover,
with the aim to minimize the HCT effect, the calibrators should
be prepared from the blood with HCT levels corresponding to the
expected median of the screened population. Another recommen-
dation of how to deal with haematocrit problem is to analyse the
whole DBS sample after pipetting the particular volume of blood

on filter paper. However, again, this approach is not approved for
the patient self-sampling procedure (37).

Some studies suggest that the punch location is also an impor-
tant factor affecting the assay bias (33, 35). Holub et al inferred that
the location of disc punch influences the levels of some analytes
in conjunction with HCT levels. For example, in case the level
of HCT is low in the blood used for a DBS sample preparation,
higher concentrations of amino acids can be found on the edge of
a blood spot. In the center of the blood spot, their concentration
is lower. It is due to the chromatographic effect causing different
distribution of the analyte in the DBS sample (35).

If the extraction procedure is not optimal, particularity of the
DBS sampling method can result in other problems and it is a
problem with recovery at different concentration levels. Because
of the presence of —OH groups on the surface of cellulose filter
paper, some analytes can soak into the paper in higher concentra-
tions and stay on the surface in lower concentrations. This could
lead to lower extraction recovery in higher concentrations, and
conversely, higher extraction recovery in lower concentrations. The
recovery of the method can be improved by impregnating the paper
with some agents that decrease the hydrogen-bond activity (7, 42).

Use of the internal standard

An internal standard (IS) is required for monitoring the behav-
iour of analytes in a sample and for compensation of losses dur-
ing sample handling or due to the matrix effect. Ideally, it should
be a stable isotope-labelled substance, but a more cost-effective
solution is to use any substance with the structure and properties
most similar to the tested analyte, that is not naturally presented
in the sample. The proper addition of an IS into the DBS sample
is challenging. Even if the most commonly used technique — addi-
tion of an IS into an extraction solvent — has reproducible results
and is very easy to perform, it actually does not fully reflect the
behaviour of the analyte. Firstly, it cannot reflect the changes of
the analyte during storage, and, secondly, it does not indicate the
losses during the extraction procedure. From an analytical point
of view, an IS should be added to the sample as soon as possible;
that means before spotting blood onto filter paper. Ideally, it should
perfectly interact with blood and paper matrix, without influencing
the original sample (for example with chromatographic effects).
Therefore, some other approaches of IS additions have been in-
vestigated (43-46).

According to van Baar et al, slightly better results, in a com-
parison with the widely used technique of adding an IS into an
extraction solution, are achieved by adding an IS directly to a liquid
blood sample. The complete incorporation of the IS into the blood
matrix is supposed to occur this way. In practice, this approach is
difficult to perform, because of increased complexity of all pro-
cedures and untrained personnel (44, 45). Liu et al proposed the
use of small glass tubes covered with the IS on the inner wall, for
blood collection and DBS preparation, which could simplify the
process of sample-handling (47).

The results, comparable with those, when the IS is a part of
an extraction solvent, are obtained by an application of the IS via
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spray in separated step either before or after blood spotting onto
filter paper. This technique results in a more homogenous distribu-
tion, when compared to IS pipetting. Additionally, potential chro-
matographic effects are avoided. It is assumed that better results
could be achieved by applying the IS onto filter paper before blood
spotting, hence avoiding time differences emerging from variable
time between sample collection and IS application (43-45).

Calibration standards and quality of the control samples

Just as in all other types of samples, analysis of DBS samples
also requires calibration standards and the quality control (QC)
samples most similar to the real ones. It means that fresh blood,
with haematocrit level within the range of the tested population,
should be used for DBS QC and calibration standard sample
preparation. It is not difficult to find non-interfering blood for
the analysis of new molecules (for example, new pharmaceutical
drugs), but it could be a problem in the case of small biomarker
molecules, which are presented endogenously and whose level
can vary from human to human or according to biorhythms (7).
A possible solution to this problem is the preparation of artificial
“whole blood” by adding washed blood cells to an artificial plasma
or serum (48, 49). Since the calibration and QC stock/working
solutions are not solved in the blood, their volume in the artificial
whole blood should be minimized as much as possible (maximum
5 % of the final volume) (7).

Extraction procedure

The extraction from solid to the liquid phase represents one of
the most critical steps in DBS sample processing. The extraction
of whole DBS, prepared from the exact amount of blood (50), or
usage of these so-called perforated (51) or even pre-cut (52) DBS
are mentioned in literature, but their usage is rare. Usually, the ex-
traction procedure consists of punching out a disc, extraction and
derivatization (if necessary), while the latter two mentioned can
be performed in any order. The diameter of the disc punched out
from DBS can range from 3 to 8 mm (9, 27, 53) and the number
of discs used can vary according to the sensitivity of the analytical
method. The extraction is performed by adding a specific volume
of the extraction solvent that plays a crucial role in re-solubilizing
the analytes to the disc. For better effectiveness, shaking, vortex-
ing or ultrasound can be used. The choice of the extraction solvent
depends on the physicochemical properties. It should be strong
enough to interrupt the bindings between the molecule of interest
and the paper matrix (7, 9, 27). Usually, organic solvents (metha-
nol, hexane etc.) (54, 55), aqueous buffers (saline, phosphate buf-
fers etc.) (56, 57) or mixtures of organic and aqueous solvents,
and alternatively the commercial kits (58), are used for this pur-
pose. To increase the extraction efficiency, pH altering substances,
surfactants (Tween, Triton X) or chelating agents (EDTA) can be
added (27). Manual extraction of DBS samples is a bit laborious
and time-consuming and therefore an alternative approach would
be necessary. Either automation or sample analysis that does not
require sample preparation at all (or at least minimizes it) (43).
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Direct analysis without a previous extraction could be an option,
for example: desorption electrospray ionization (DESI) (59-61),
direct analysis in real time (DART) (15, 62), matrix-assisted la-
ser desorption/ionization (MALDI) (63) etc. Unfortunately, direct
analysis means the loss of the separation step, which may result in
lower sensitivity and possible interferences, while current techno-
logical status does not allow automatic analysis of a huge number
of samples (46, 53, 64). That is the reason why most of the stud-
ies prefer manual offline extraction. The extracts can be directly
injected into an instrument (58) or derivatized considering the
properties of the analyte and the chosen detector (7, 65). Alterna-
tively, the derivatization reagent can be added directly to the DBS
sample and then, just prepared derivatives are extracted (66). This
procedure is worthy of discussion because it is not known what
reactions could occur between the derivatization reagent and the
paper matrix. Especially very aggressive derivatization reagents,
for example acetyl chloride, could cause some unexpected dam-
age of the paper material and negatively affect the sample pro-
cessing and analysis.

DBS and liquid sample results comparison

The essential part of all research on the application of DBS
samples should be a comparison of the levels of tested analyte(s)
between routinely used types of sample (most often liquid) and
DBS samples and a search for possible correlations in the results.
The finding of strong correlations indicates that DBS samples can
be used as an effective alternative to sample collection (7, 67-69).

Applications of the DBS samples

The DBS sample is standardly used for the early detection of
different genetic and metabolic disorders in newborns, to avoid
irreversible changes or at least significantly improve symptoms of
the disease. The capillary blood from a newborn’s heel is spotted
onto a filter paper card, optimally 2448 hours after birth, and ana-
lyzed by tandem mass spectrometry. The changes in the concentra-
tion of individual molecules might not have such an informative
character as the monitoring of several biomarker molecules and
their comparison in relation to each other. These metabolic patterns
are evaluated in the context of different disease states (7, 9, 70-73).

Metabolomics is a relatively new discipline that reflects the
actual state of the organism and that can show diverse variations
in time. The qualification and quantification of metabolites in time
has a great potential in the early detection of cancer, in the predic-
tion of disease-development or in the monitoring of the treatment
response. With huge number of samples that must be analyzed to
find new biomarkers, DBS seems to be a good alternative to sample
collection (65, 74, 75). As Kang et al and Zukunft et al demon-
strated in their studies, DBS samples could fully replace plasma in
metabolite profiling (76, 77). Chace et al proved that DBS samples
can also be used in post-mortem metabolomics screening in cases
of unexpected or unknown infant and child death (78).

Toxicology is a wide field, including preclinical drug discovery
process (toxicokinetics), as well as latter phases (pharmacokinetics
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and TDM). The aim is to determine the relation between a chemi-
cal substance entering the body with a specific rate and its fate
in an organism (the way of metabolizing and excreting it). Very
often animal experiments are needed, and DBS sampling meets
the requirements of the 3R principle (replacement, reduction, and
refinement). The number of samples per one animal is restricted
physiologically and from an ethical point of view. DBS not only
reduces the volume of blood needed and thus the number of ani-
mals needed, but it also reduces the cost of experiments for phar-
maceutical companies (79). TDM is used in humans to optimize
the drug dosage for individuals, so that the highest effectiveness
and security is preserved. The self-sampling and almost painless
sample collection is a big advantage of DBS, even if the samples
can be possibly contaminated, if the person preparing them and
dosing the drug is the same. The results obtained by the DBS meth-
od are comparable with plasma, so DBS sampling is an excellent
alternative (80—82). DBS can be used also in forensic toxicology,
for example in screening the abuse substances, like cannabinoids
(83), cocaine (84), opiates (85) and so on (86). Also the screen-
ing of phosphatidylethanol, the direct ethanol metabolite, in DBS
samples, could be a promising way of controlling the alcohol level
of drivers. The same metabolite can be analyzed also in newborns,
if prenatal alcohol exposure is suspected (86—88).

The simplicity and affordability of DBS samples is advanta-
geous also in epidemiological studies. The disruption of the virus
envelope during the DBS drying process ensures biosafety, whereas
well preserved antibodies and nucleic acids enable the detection of
various infectious diseases (89), for example: measles (90), rubella
(91) or even Ebola (92). DBS samples could also help with the
actual summary of epidemiological situations concerning asymp-
tomatic or long-incubation period diseases (for example, AIDS or
chronic hepatitis, via HIV or HCV monitoring) (93).

Some of the concrete examples of huge usage of DBS samples
can be seen in the Table 1.

Similar types of samples

Recently, there is a great interest in a new form of simple,
rapid and non-invasive sample collection. The unique character
of DBS sample collection inspires the search for new types of
samples in dried form.

Dried plasma spot (DPS) or dried serum spot (DSS) samples
are prepared exactly like DBS samples, but from patients’ plasma/
serum pipetted onto filter paper, which requires the additional
step of blood centrifugation and automatically means the loss of
the non-invasive sample collection status. However, DPS/DSS
samples, which are more homogenous in comparison with DBS,
do not contain blood cells and thus do not show the haematocrit
dependence. These samples are often used in different fields of
clinical and pre-clinical analyses (94-99).

The collection of dried urine spot (DUS) samples is even less
invasive and in the case of newborns, the filter paper can be simply
inserted into the diaper. This type of sample collection is suitable
for all analytes excreted in urine. It can be used for example in the
diagnosis of different diseases or for drug screening (100-105).

Some drugs and metabolites can be present also in human
saliva, therefore dried saliva spot (DSaS) samples were created
(106-108).

Also, a research on human milk samples in dried form could
be truly beneficial for mothers staying at home. Self-sampling,
simple collection and ease of transportation are big pluses of this
method. Dried milk spot (DMS) samples can be used also for
TDM (109-111).

Another biological fluid, in which analytes can be determined,
is sweat. Dried sweat spot (DSwS) samples can be used for ex-
ample in the diagnosis of disturbances in lipid metabolism as they
show a very good correlation with plasma samples in the analysis
of fatty acids (112).

Conclusions

The advantages of the usage of DBS samples are noticeable.
The minimization of the amount of biological material needed for
analysis, the enhancement of biosafety and the simplification of
the whole collection and transportation process are all the reasons,
why DBS samples have spread so quickly (not only in newborn
screening programs). The influence of HCT and the absence of
the automation step for a huge number of samples can be the main
pitfall causing the lack of common use in clinical practice and as a
primary method for research. The analysis of some molecules can
be challenging due to a very small sample volume and the need
for more sensitive analytical methods. However, this problem
appears to gradually fade with the development of new methods,
like mass spectrometry. Some molecules are not even appropriate
for DBS sample analysis due to their instability or the fast altera-
tion of their structure. Thus, DBS samples would never be able
to completely replace the whole blood or plasma samples, but in
some specific cases, DBS can simplify all logistics around sample
handling and storage, which is beneficial mainly for long-term
studies. In animal experiments, it helps to follow the principle of
the 3Rs (replacement, reduction and refinement) and, what is more,
it is economical and environmentally-friendly (the low amount of
samples means a low amount of chemicals needed for analysis).
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