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Abstract—The sample preparation method for liquid biosamples dried on a carrier (dried blood spot technol-
ogy) has been increasingly used in various fields of bioanalysis, pharmacokinetics, therapeutic drug monitor-
ing, toxicokinetics, metabolomics, and disease diagnostics over the past 20 years. The dried blood spot tech-
nology involves the application of a sample directly to the carrier; after drying, the sample is analyzed using
modern analytical, immunochemical, and genetic methods. The advantages of this sample preparation
method include minimal invasiveness; small sample volumes; ease and cost-effectiveness of sampling, trans-
portation, and storage of samples; and high stability of analytes. The review considers the main aspects of the
application of the sample preparation of biological f luids, suspensions, tissues, and organs in the form of
dried spots on porous membrane carriers in analytical practice. The principles of using membrane carriers in
order to obtain biological samples in the form of dried spots, approaches to their analytical application, inter-
fering factors and limitations associated with the rheological properties of blood, types of devices for taking
blood and other samples, and the current state and prospects for the development of dried spot technology
are described.
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The preparation method of blood samples in the
form of spots dried on a carrier—the dried blood spot
(DBS) technology—has become widespread since the
1960s when dried blood spots of newborns obtained on
filter paper were successfully used to detect the hered-
itary disease of phenylketonuria by determining the
marker phenylalanine [1]. Using this approach, Dr.
Robert Guthrie identified 39 cases in 400000 new-
borns at an early stage, and this ultimately led to the
development of neonatal screening and the introduc-
tion of the DBS technology into medicine. To date,
the sample preparation of biological f luids in the form
of dried spots is the most important tool for neonatal
screening and detection of rare genetic diseases of
newborns, and it is also widely used in various bioan-
alytical studies, primarily, in preclinical drug trials and
medical, toxicokinetic, and pharmacokinetic studies
and in clinical pharmacology; samples dried on a car-
rier are also used in forensic, doping, and environ-
mental examinations and in the creation of biobanks
[2–11]. Both low-molecular-weight substances and
protein molecules, such as antibodies and
DNA/RNA, are determined in dried spots of biologi-
cal f luids. The use of the DBS technology makes it
possible to reduce the invasiveness of blood sampling,

that is, injury to the patient, and to decrease the mor-
tality of experimental animals in preclinical studies
because only one drop of blood (30–50 μL) is required
to obtain a dried sample in the form of a spot. Dried
samples are highly stable, and they do not require a
cold chain to be transported to the site of analysis. For
this reason, this approach was successfully used in the
remote diagnostics of human diseases and the moni-
toring of epidemiological situations, for example, in
the detection of the human immunodeficiency virus
(HIV) in African countries, where hot climate and
insufficient laboratory support make it difficult to
work with liquid samples [12–14]. This approach
makes it possible to simplify the storage and transpor-
tation of biosamples because dried samples can be
stored and/or sent to the site of laboratory analysis at
ambient temperature, including elevated tempera-
tures, for several days, while maintaining the stability
of components adsorbed onto the membrane carrier.
The risk of biological contamination is reduced in
operations with dried samples; in addition, dried sam-
ples are easier to dispose than liquid ones after analy-
sis. Dried blood spots can be easily obtained by the
patient independently because they do not require
special skills in working with a sampling kit, and dried
410



DRIED SAMPLES OF BIOLOGICAL FLUIDS 411
samples can be sent to the laboratory, for example, by
mail, without unnecessary transportation costs. Due
to their advantages, bioanalytical methods based on
the DBS technology have already become a serious
alternative to traditional analysis of liquid venous
blood or serum. The use of biosamples in the form of
dried spots is currently successfully extended not only
to whole blood but also to other biological f luids, such
as saliva, plasma, synovial f luid, urine, and milk [15].
These dried spots are commonly referred to as matrix
spots. Target analytes are determined in dried spots
using various analytical techniques such as gas chro-
matography (GC) or liquid chromatography (LC)
combined with mass spectrometry (MS), immu-
nochemical methods such as enzyme-linked immu-
nosorbent assay (ELISA), methods based on the prin-
ciple of agglutination, polymerase chain reaction
(PCR), etc. [16–20].

Interest in the DBS technology, which has been
rapidly developing in the last 10–15 years, has not
weakened so far. According to Scopus, more than 400
scientific articles on this subject matter have been pub-
lished annually since 2014, and about 10% of them are
review articles (Fig. 1a). In Russia, according to Sco-
pus, the number of scientific publications on the DBS
subject technology is much lower compared to that in
many other countries (Fig. 1b). So far, insufficient
attention has been paid to this subject matter in Rus-
sian science, and the use of the DBS technology in
actual practice is limited.

PRINCIPLE OF THE METHOD 
OF BIOLOGICAL SAMPLE PREPARATION 

IN THE FORM OF DRIED SPOTS ON POROUS 
MEMBRANES

Sample preparation in the form of dried spots is
based on the drop application of a biological f luid or
suspension or obtaining an imprint of an organ or tis-
sue on a special absorbent membrane and the subse-
quent drying of the sample. The porous membrane
material, which consists of intertwined fibers, absorbs
the applied sample due to capillary forces according to
its sorption capacity. In the classical version, a card for
sampling whole blood is an envelope with a cellulose
membrane in the form of a rectangle with designated
round areas for sample application inside (Fig. 2). The
membrane material may contain pre-applied reagents
to increase the safety of proteins or nucleic acids, for
example, lysing and chelating agents and detergents
[21, 22].

In the sampling of blood, it is applied dropwise to
the center of a circle according to the rule: one drop
per circle. As a rule, blood is taken from the finger, the
heel, and the ear or tail in adult patients, newborns,
and animals, respectively. After applying a biosample,
the sample card is dried at room temperature; thereaf-
ter, the dried sample is ready to be sent to the labora-
tory. In addition to dropwise application, it is possible
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to apply a required volume of biological f luid with a
semi-automatic dispenser and to obtain an imprint of
the test organ (for example, the spleen) or tissue by
contact with an absorbent membrane material. Thus,
such cards for obtaining dried spots are a universal
means for storing and transporting a variety of bio-
samples.

To perform analysis in the laboratory, a membrane
section in the form of a disk with a diameter of several
millimeters is cut out from a dried spot, for example,
using a special hand-held device (a medical puncher).
The dried sample is then eluted into solution to per-
form the appropriate analysis. The development of
modern analytical systems is aimed at automating the
processes of sample preparation, extraction, and anal-
ysis of samples. Currently available automated stations
can simultaneously work with dozens of DBS cards
and carry out their identification, sorting, separation
of sections with samples, subsequent extraction, and
addition of an internal standard (IS) [23]. These
autosamplers in combination with analytical LC–MS
instruments make it possible to rapidly quantify diag-
nostically significant substances in blood [24–26].

ANALYTICAL ASPECTS OF THE DRIED 
BLOOD SPOT TECHNOLOGY

It is of great importance for drug development and
clinical research to understand how the target analyte
is distributed between plasma and red blood cells. For
the DBS technology, it is important to know how ana-
lyte concentrations in dried spots will correlate with
the actual concentrations in blood plasma/serum
because whole blood, which contains both plasma and
blood cells, is applied to the carrier and the blood cells
undergo lysis in the course of drying the sample on the
membrane. Historically, plasma or blood serum sepa-
rated from cells is used for analytical purposes in med-
icine and veterinary medicine. Erythrocytes play an
important role in analyte distribution, and they can
influence the data obtained in pharmacokinetics and
pharmacodynamics [27]. If an analyte in blood occurs
not only in plasma but also in erythrocytes, its concen-
tration determined in a dried spot will be higher than
that in plasma. This distribution of the analyte
depends on its physicochemical properties, and it
should be confirmed in the parallel correlation mea-
surements of dried blood samples and liquid
plasma/serum samples with the introduction of a cor-
rection factor, if necessary.

Extraction of dried spots from the carrier. The
extraction of a sample adsorbed onto the membrane
material is one of the most important preparatory
stages before quantitative analysis. The efficiency of
extraction directly affects the recovery of a substance
and, ultimately, the sensitivity of methods to the target
analyte. Moreover, the step of extraction is important
when an IS is added and in extracting DBS samples
o. 4  2022
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Fig. 1. (а) Distribution of publications on the DBS technology over years according to Scopus data and (b) the numbers of pub-
lications issued from 2000 to 2021 in different countries. 

800

700

600

500

400

300

200

100

0

(а)

N
u

m
b

e
r 

o
f 

p
u

b
li

c
a

ti
o

n
s

4 9 19 23 28 37

76
101

213

460

558

762

433

Year

1
9

6
0

1
9

6
7

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0
11

2
0
1
3

2
0
1
5

2
0
17

2
0
1
9

2
0

2
1

(b)

257

2289

Canada

USA

Brazil

Australia

199

409
749

284
233

327

180

225

300

292

192

South Africa

Kazakhstan

India

China

Russia

62
with organic solvents and mixtures for analysis per-
formed by instrumental methods [28, 29].

In general, methods for extracting biosamples in
the form of dried spots are subdivided into two groups:
offline and online methods. In the offline extraction,
all of the necessary stages of dried sample recovery by
transferring the components sorbed on the carrier into
a solvent are carried out manually. These are the sep-
aration of a required section of the membrane with a
JOURNAL O
dried spot, the addition of an extracting solution with
an included IS, centrifugation, and the injection of the
resulting extract into the chromatographic system.
Sometimes, evaporation, repeated dissolution in a sol-
vent more suitable for a particular system, etc., are also
required. Offline extraction is an effective procedure,
but it is labor-intensive and time-consuming, and this
limits the widespread use of the DBS technology in
non-instrumental methods of analysis, such as immu-
F ANALYTICAL CHEMISTRY  Vol. 77  No. 4  2022
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Fig. 2. (a) Classical version of the Whatman 903 card for the colllection of dried blood spots and (b) the FTA card (Whatman, the
United States) for storing blood spots for PCR analysis.

(а) (b)
nochemical methods and PCR. Moreover, as a rule,
the extraction of analytes into a buffer solution is used
in the former case, and standard extraction methods
are used for the separation of nucleic acids and the
subsequent PCR [22, 30, 31]. Unlike the offline
extraction, online extraction is a process that reduces
time consumption by automating and simultaneously
preparing several samples for analysis. Online
extraction became possible due to the development of
appropriate instruments for automatic DBS sample
preparation. CAMAG (Switzerland) produces auto-
mated sample preparation systems equipped with a
barcode reader and a built-in washing station with the
ability to add an IS, which can be coupled to LC–MS
systems [23]. This system is capable of processing a set
of 500 DBS cards. Another instrument from Prolab
GmbH (Reinach, Switzerland) is capable of applying
various extraction protocols due to the possibility of
clamping cards and passing a solution under pressure
to 200 atm through the blood spot. Automated stations
for the extraction of DBS samples are combined with
solid phase extraction (SPE). Spark Holland
(Emmen, the Netherlands) presented a modified unit
that does not require preliminary separation of the
extracted sample using LC. The unit can perform
flow-through pre-extraction by passing the eluant
through the spot and then directing the f low to the
SPE–MS/MS system. This unit can process about
20 samples per hour with high accuracy and reproduc-
ibility.

Ideally, analysis based on DBS should be carried
out without the preliminary steps of cutting out a part
of the membrane with a sample and elution, for exam-
ple, based on direct surface MS analysis. The direct
surface MS analysis makes it possible to form charged
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 77  N
ions at room temperature and normal pressure and
then send them to a mass spectrometer for quantitative
determination [32]. The direct surface MS analysis
includes desorption electrospray ionization (DESI)
due to the bombardment of a surface with charged
microdroplets with the formation of drops containing
the target analyte, which evaporate in a heated capil-
lary system and are detected in a mass analyzer. Paper-
Spray, DESI (Prosolia Inc., the United States), and
direct analysis in real time (DART) are the most com-
mon ionizing analyzers [32]. The DART analysis is
based on the direct effect of ionizing gases on a dried
analyzed sample with the exception of the stage of pre-
liminary extraction of biological material from the
carrier. Such a method can significantly shorten the
analysis time, but it still ranks below traditional MS
methods in terms of sensitivity and reproducibility of
results.

Methods for the analysis of dried spots of biological
samples. In most cases, the available volume of test
material is sufficient for qualitative and quantitative
analysis; however, it should be taken into account that
the used method of DBS analysis should be suffi-
ciently sensitive due to a small volume of the test sam-
ple [2, 4, 6, 9]. GC and LC MS analysis, atomic
absorption spectroscopy, and inductively coupled
plasma MS are used to quantify the target analyte in
dried spot samples. LC in combination with various
detection techniques is most often used for DBS anal-
ysis because most of the analytes are organic sub-
stances, drugs, their metabolites, and endogenous
compounds. The combination of GC with MS is used
to analyze DBS samples in neonatal and metabolic
screening [33, 34] and in the determination of amino
acids, hormones, and other metabolites. To determine
o. 4  2022
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a wide range of substances, MS with matrix-assisted
laser desorption/ionization (MALDI–MS) is also
used. In this case, the preliminary separation of sam-
ples using LC is usually not required; because of this,
the duration of the analysis is shortened. It was found
that semiquantitative and, in some cases, quantitative
determination can take a uniquely short time of about
5–10 s per sample [35, 36].

As noted above, most of the methods using DBS
involve the determination of low-molecular-weight
substances, for example, disease biomarkers, drugs,
prohibited substances, etc. [2–11]. Dried samples are
used much less frequently for the determination of
macromolecular substances. Kehler et al. [37] com-
pared the efficiency of LC with tandem MS detection
(LC–MS/MS) for the determination of a protein
molecule with immunoassay, the gold standard for the
detection of high-molecular-weight proteins. They
concluded that the use of MS for the quantitative
determination of large protein molecules is possible,
but the sensitivity of the method in the DBS analysis is
lower by a factor of about 20 than that in immu-
nochemical analysis. Note that immunochemical
methods are used much less frequently for the analysis
of dried spots. This is primarily due to the complexity
of the analysis and a large number of dried sample
preparation procedures performed in manual mode
because the use of instrumental methods for the quan-
titative determination of macromolecular substances
is limited. In addition, quantitative analysis is difficult
due to the complexity of the blood composition and
the distribution of substances between plasma and
blood cells [27]. However, ELISA and qualitative or
semi-quantitative methods based on agglutination are
used in serological studies, for example, in the moni-
toring of infectious diseases in the populations of agri-
cultural and wild animals and birds [38, 39]. The PCR
method is used to identify the desired nucleic acid
fragments in dried samples, and a sample of any origin
(a biological f luid, extract, suspension, tissue, or
organ) applied and dried on a carrier is suitable for
extraction and the subsequent amplification [21, 22].

Stability of components to be determined in dried
samples. In most cases, an increase in the stability of
the determined components of biological f luids after
drying on a membrane carrier is one of the advantages
of sample preparation in the form of dried spots. For
example, the observed concentrations of amino acids
stored in DBS samples at room temperature only
slightly decreased in a range from 3.1 to 7.3% annually
[40]. It was found that degradable substances such as
acylcarnitines were stable for at least 330 days upon
storage at –18°C. When the dried samples were stored
at room temperature, the half-life of acylcarnitines
ranged from 161 to 990 days [41].

Antibodies are sufficiently stable when stored in
carrier-dried blood, serum, or plasma. Thus, DBS
samples obtained from wild reindeer in the field
JOURNAL O
showed identical results upon the determination of
antibodies to pathogens of infectious diseases during
two years of storage at room temperature [31]. DNA-
and RNA-containing viruses can also be kept dried for
a long time. Cardona-Ospina et al. [30] described
numerous examples of the use of special FTA cards
(Whatman, the United States) impregnated with lys-
ing and chelating agents for cell lysis and an increase in
the preservation of nucleic acids of pathogenic viruses
during storage. Thus, Michaud et al. [42], who used
small ruminant distemper virus as an example,
demonstrated that single-stranded viral RNA of the
causative virus can be detected in DBS samples after at
least three months of storage at temperatures typical
for tropical countries. Moreover, the proviral DNA of
the African swine fever virus was detected in the DBS
analysis even after nine months of storage at 37°C.
Madhanmohan et al. [43] determined the foot-and-
mouth disease virus (FMDV) RNA in dried epithe-
lium samples from the tongue and foot of infected
cows, which were sent by mail without refrigeration
along a long route from the sampling site to the labo-
ratory after a rainy period and during summer in India.
They found that, regardless of temperature conditions
(21–45°C) and environmental humidity (20–100%),
the genome and serotype of FMDV were determined
in all samples 22–56 days after the sampling.

The use of membrane carriers for the storage of
dried samples improves the stability of many biomole-
cules due to dehydrating the sample and, conse-
quently, minimizing enzymatic and hydrolytic pro-
cesses. For example, the substance lopinavir was sig-
nificantly better preserved in DBS samples for two
years of storage than in frozen plasma [36]. Alfazil and
Anderson [44] used benzodiazepines, which are deter-
mined in forensic medicine, as an example to demon-
strate an increase in the stability of analytes during
storage on a carrier. In some cases, it has been noted
that the storage stability is affected by the presence of
a stabilizing agent, for example, EDTA, in the mem-
brane carrier [45]. Summing up, we can conclude that
the DBS technology offers a simple and efficient way
for the transportation and storage of biological sam-
ples by reducing the cost of moving samples to the site
of analysis and storage, and it reduces the require-
ments for compliance with temperature standards.
The stability of a particular substance and the possibil-
ity of its analysis in a dried matrix spot should be stud-
ied separately; however, in most cases, the transporta-
tion and short-term storage of dried samples can be
safely carried out without refrigeration.

PROBLEMS AND LIMITATIONS IN THE USE 
OF SAMPLE PREPARATION IN THE FORM 

OF DRIED SPOTS

Effect of the blood sample’s hematocrit value. The
variability of whole blood hematocrit levels from sam-
ple to sample is currently a serious limitation of the use
F ANALYTICAL CHEMISTRY  Vol. 77  No. 4  2022
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Fig. 3. Sizes of blood spots on the Whatman 903 card
depending on the hematocrit value of the applied whole
blood sample: (A) Ht = 0.18, (B) Ht = 0.35, and (C) Ht =
0.50 [46].
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of DBS technology in quantitative analysis. Hemato-
crit (Ht) is the volume ratio between red blood cells
and a blood sample. The Ht value of a sample can sig-
nificantly affect the accuracy of the determination of a
target substance in DBS-based bioanalytical methods.
Normal Ht values are about 0.41–0.51 and 0.37–0.47
for males and females, respectively [46]. However,
these limits vary in certain population groups, for
example, 0.28–0.67 in newborns (0–1 years) and
0.35–0.42 in children (2–12 years). The Ht level of
capillary blood is usually higher than that in venous
blood. The Ht value also varies in different species of
animals and birds. The Ht value is directly propor-
tional to blood viscosity, which affects the f luidity and
diffusion properties of blood applied to a membrane
(Fig. 3). At high Ht values of the test sample, the dis-
tribution of a blood drop over the membrane is diffi-
cult; in this case, the spot size on the carrier will be
smaller than that of a droplet of the same volume but
with a lower Ht value [47]. Obviously, the greater the
whole blood volume per unit area of a dried spot, the
greater the weight of the corresponding dried sample
taken for analysis upon separating an equal part of the
membrane; therefore, the concentrations of the iden-
tified analytes will vary.

The effect of hematocrit also depends on the phys-
icochemical properties of the analyte and on the prop-
erties of the membrane material used. A relatively low
Ht value leads to a negative deviation of the deter-
mined analyte concentrations (compared to an aver-
age Ht level of 0.45), while a positive deviation is
observed at an increased Ht value. Differences in the
distribution coefficients of analytes between blood
cells and plasma lead to the fact that the hematocrit
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 77  N
effect can manifest itself differently for different sub-
stances. Thus, Koster et al. [48] studied the relation-
ship between Ht values and the degrees of extraction of
substances from membranes based on the example of
several immunosuppressants using five different DBS
cards for sampling. The hematocrit effect appeared on
all of the five cards. Depending on the type of cards,
the results of the analysis varied significantly espe-
cially at extreme Ht values and elevated concentra-
tions. At the elevated concentrations of the immuno-
suppressants tacrolimus, sirolimus, everolimus, asco-
mycin, and temsirolimus, the effect of hematocrit was
much stronger than that at low concentrations. In gen-
eral, the effect of hematocrit increases the scatter of
the results of analysis to increase the total error, which
can exceed an allowable value of 15% [49, 50].

Effect of the spot size. The application of different
blood volumes to a membrane may cause different
results in the determination of analyte concentration
at a fixed size of the separated membrane section with
the sample and a fixed Ht value of the sample. Denniff
and Spooner [51] studied disks 3 mm in diameter from
the spot center and perimeter and from the halo region
around the spot. The halo effect occurs upon the dry-
ing of a blood spot, and it is characterized by a lighter
shade of the edge than the main part of the spot. A sig-
nificant (by more than 15%) deviation of the target
analyte concentration from the values obtained from
the central regions was observed in the halo region.
This deviation is caused by an uneven analyte distribu-
tion and the sample-hematocrit effect. In the exam-
inations of congenital diseases, the accuracy of deter-
mination of amino acids, acylcarnitines, and guanidi-
noacetate strongly depends on the spot area used in
the analysis [51]. To overcome the effect of the spot
size, a number of control reference samples of several
concentrations and applied blood volumes are used.
After drying, a membrane portion with the sample (for
example, a disk with a diameter of 3 mm) is analyzed
along with a set of calibration standards, for which the
applied blood volume can be the same as one of the
above or another. The difference in the results of LC–
MS/MS analysis should not exceed 15% of the nomi-
nal value [20, 52, 53].

Chromatographic effect. When blood is applied to a
paper membrane carrier, an uneven distribution of
analytes may occur due to the chromatographic effect;
as a result, the analyte concentrations at the center of
the blood spot and on its periphery become different.
Different results can be obtained depending on the
type of cellulose membranes used [54, 55]. Previously,
it was shown that target low-molecular-weight ana-
lytes can be unevenly distributed over the membrane
component. Ren et al. [56] visualized the distribution
of substances on various cellulose blood sampling
cards (31 ETF, Grade 226, FTA Elute, and 903 FTA,
Whatman, the United States) and demonstrated the
uneven distributions of substances labeled with the

isotope C14. Moreover, the degree of uneven distribu-
o. 4  2022



416 SAMSONOVA et al.
tion of the target analyte on a particular membrane
depended on the amount of applied blood in addition
to the composition of the membrane. For example, for
the FTA Elute card, a better result was obtained by
applying smaller blood volumes (30 μL instead of
100 μL). It was also shown that the distribution of ana-
lytes on chemically modified cards, such as FTA and
FTA Elute, was more dependent on external factors:
air humidity and temperature significantly affected
the accuracy of the analysis results. O’Mara et al. [57],
who studied the distribution of glycogen synthases
with different binding to plasma proteins, also
observed an inhomogeneous distribution of the target
analyte. Depending on the structure peculiarities of
the test molecules, the chromatographic effect signifi-
cantly influenced their distribution along the blood
spot.

Introduction of an internal standard into a dried
sample, the matrix effect. In the quantitative analysis
of liquid samples by instrumental methods, the addi-
tion of an IS is simple, fast, and reliable, as compared
to dried samples. The uniform distribution of an IS in
a dried sample without preliminary elution is a diffi-
cult problem to be solved in MS detection, which is
based on the direct passage of an eluting solution
through a blood spot and the subsequent spraying
[29]. In addition, the presence of a matrix can affect
the accuracy of the results of MS determination. The
use of solutions with high water content in combina-
tion with a polar organic solvent (methanol or aceto-
nitrile) in DBS extraction can lead to the joint
extraction of polar matrix components, which subse-
quently cause the effects of ion suppression or
enhancement in MS analysis [2].

Ways to overcome the blood sample hematocrit
effect. The effect of hematocrit is perhaps the most
important obstacle to the widespread use of DBS tech-
nology in bioanalysis. Various approaches were cur-
rently proposed to overcome the effect of hematocrit,
which were mainly oriented to taking a fixed sample
volume. For example, the effect can be suppressed by
limiting the absorbent surface area when the sample is
applied to membrane areas in the form of disks of a
certain size or perforated along the edge [35, 58–60].
Youhnovski et al. [58] used pre-cut cellulose disks
fixed on adhesive tape. The entire pre-cut disk with
the known volume of an applied blood sample is used
for analysis. This approach reduces deviations in the
analysis of samples with low and high hematocrit val-
ues, as compared to the average value (0.45). However,
the results can still vary markedly for some analytes
depending on the hematocrit values due to different
analyte distributions between plasma and blood cells.
Li et al. [59] also used pre-cut disks for the determina-
tion of acetaminophen. This approach made it possi-
ble to increase the accuracy of the analysis results. In
addition, it has simplified the disposal of samples
because the entire sample is taken for analysis without
residue. Plastic cartridges or cases with an individual
JOURNAL O
cellulose disk placed inside are other versions of pre-
cut devices with disks of a certain diameter proposed
in the literature [35]. Another way to overcome the
hematocrit effect involves recalculating the found
analyte concentrations based on the Ht values of par-
ticular samples. However, the Ht value should be
determined for this purpose, and it is difficult to per-
form for dried samples although there are appropriate
procedures. For example, the hematocrit can be deter-
mined with sufficient accuracy according to a well-
known method based on the level of potassium in
blood or by evaluating the reflection of ultraviolet
radiation from the surface of a spot [61, 62], in partic-
ular, using an automatic system [63]. Other develop-
ments were focused on auxiliary devices that accu-
rately applied the samples onto a membrane carrier.
The effect of hematocrit can be eliminated if the entire
blood spot is used in the analysis. Li et al. [64] pre-
sented a membrane filtration device for the separation
of plasma from blood cell elements. The device con-
sists of two different membranes: the first is a barrier
to erythrocytes and it delays them, and the second
serves as a carrier for the plasma separated from the
cells. Thus, plasma samples can be obtained without
prior centrifugation. This technology can become an
alternative to DBS and other microsampling tech-
niques (blood microsampling) because it completely
eliminates the effect of hematocrit on the accuracy of
dried sample analysis. A more radical way to overcome
the disadvantages of the DBS analysis is the develop-
ment of new alternative formats of dried spot devices
including those containing membrane carriers of vari-
ous compositions. Some devices are described in the
next section.

DEVICES FOR DRIED SPOT COLLECTION 
ON MEMBRANE CARRIERS

Currently, cellulose cards are mainly used for the
collection of dried biosamples; the production of these
cards began with the successful application of the DBS
technology in neonatal screening. Since then, the fun-
damental structure and composition of these cards
have not undergone major changes. The card consists
of an internal absorbent part, which is a cellulose
material of a certain chemical and physical composi-
tion, and an external part with protective and informa-
tional functions (Fig. 2). On the inside, circles are out-
lined to indicate the places where biosample drops or
tissue/organ imprint should be applied. Most cards for
medical purposes are manufactured by Whatman (the
United States), a large company that manufactures
paper filters and related materials. Some other compa-
nies (Ahlstrom-Munktell in Sweden, Fisher Scientific
in the United States, etc.) produce cards under their
own brands, but they use a similar format and cellulose
material (Whatman 903). This card format is conve-
nient for applying capillary blood from a patient’s fin-
ger, but a number of conditions, which are often vio-
F ANALYTICAL CHEMISTRY  Vol. 77  No. 4  2022



DRIED SAMPLES OF BIOLOGICAL FLUIDS 417

Fig. 4. HemaSpot HF dried blood sampler (SpotOn-
Science, the United States).
lated, should be met for the correct application of

blood. For example, a drop of blood should be applied

to the center of a circle, while you cannot apply a drop

in one circle twice. Deviations from the center often

lead to the need to reapply a drop to the same area, and

this causes a local increase in the substance concentra-

tion on the carrier and, as a result, an overestimation

of the analysis results and a decrease in reproducibility.

In addition, the cellulose material itself used as an

absorbent membrane has a number of properties that

make the subsequent analysis of a dried sample diffi-

cult. The effect of hematocrit and the chromato-

graphic effect due to the physicochemical properties

of hollow cellulose fibers are described above, and

these effects interfere with the analysis. Moreover, the

amount of adsorbed sample per unit area of the cellu-

lose membrane is usually unknown. The use of cellu-

lose material is currently rather a tribute to traditions

and established market relations. Modern scientific

developments are aimed not only at the development

of new analytical approaches to DBS analysis but also

at the use of more technologically advanced mem-

brane materials. The role of these materials is not only

to adsorb and preserve a biological sample but also to

minimize the influence of various factors on the sub-

sequent analysis of dried spots [65]. For example, the

use of non-cellulosic materials for the production of

DBSs has been described [66, 67]. It has been noted

that non-cellulosic materials have better distribution

parameters regardless of the viscosity of the applied

liquid. However, the spot on these carriers can be

uneven in shape, and the material is more fragile than

paper when a disc is cut out [48].
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To overcome the problems of sample preparation
and analysis associated with the use of cellulose mate-
rials, many different devices have been proposed in
order to obtain dried microsamples of a certain vol-
ume and facilitate the subsequent analysis [68]. A new
dried spot collection device (HemaSpot TE from Spo-
tOnScience, the United States) [69] is a case contain-
ing a porous cellulose carrier, made in the form of a
propeller, inside (Fig. 4). A drop of blood is applied to
the central part of the membrane; thereafter, it spreads
along the petals of the membrane in the radial direc-
tion, the case is tightly closed, and the membrane is
dried due to a desiccant inside. The petals of the mem-
brane absorb a limited volume of blood; the effect of
hematocrit decreases when they are completely filled.
For the analysis, it is sufficient to separate one of the
petals and desorb the analyte from the membrane.
This approach to sample preparation, compared with
a classical cellulose drop carrier (Munktel TFN),
resulted in a higher correlation of results, as compared
to rapid HIV tests in Nigeria [53]. This study showed
that optimized procedures and strict adherence to the
rules for using dried spot collection devices for sam-
pling are required in underequipped laboratories and
medical personnel. In addition, devices suitable for
sampling in the field are required in order to obtain
accurate analysis results and a high correlation with
gold standard methods. The disadvantages of the
HemaSpot system include its relative complexity in
manufacturing and subsequent use because additional
tools, such as dispensers, are required for applying
blood samples. To achieve the high reproducibility of
assay results, it is necessary to accurately apply an ali-
quot portion of blood to the center of the membrane
and to control the amount of applied liquid so that it
does not exceed the maximum capacity of the mem-
brane. Moreover, if it is impossible to take a volume
necessary for application (blood may flow poorly from
the finger), the petals cannot be completely filled and
hence the blood volume in the petal is unknown and
the result of the analysis is incorrect. The manufac-
turer has also developed a Hemaspot SE device with a
carrier in the form of a spiral: blood is applied to the
center, and cell elements are separated in the process
of spreading the sample over the carrier. Thus, it is
possible to analyze a dried sample of blood or the cor-
responding plasma by separating a desired portion of
the carrier.

Another volumetric absorptive microsampling
(VAMS) device (Neoteryx, the United States) [70, 71]
is a plastic rod with a small adsorption element made
of a polymeric material in the form of a match head at
the end (Fig. 5). According to Denniff and Spooner
[70], the capacity of the element is fixed, and it can
vary from 10 to 30 μL depending on the purpose of the
device, as confirmed by introducing radioactive iso-
topes into a sample and measuring the radioactivity of
the adsorbent with the sample. To apply blood, the
end of the absorbent head is dipped into the sample
o. 4  2022
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Fig. 5. Volumetric absorptive microsampling (VAMS)
device (Neoteryx, the United States).
until complete saturation. The effect of hematocrit on

the analysis in the range of Ht values 0.20–0.70 was

insignificant, and the deviation from the conditionally

normal value (0.45) was 5%, which is much lower than

that for a classical cellulose membrane, where the

measurement results varied within 30%.
JOURNAL O

Fig. 6. Asante dried blood specimen collection strips
Asante dried blood specimen collection strips

(Sedia Biosciences, the United States) (Fig. 6) are

plastic-based absorbent strips of the lateral type.

Blood is absorbed into a sorption material about 2 cm

long, which has a certain capacity for collecting a fixed

volume of blood. Before analysis, the sorbed blood is

completely extracted into solution. This reduces the

effect of errors in blood sampling associated with an

excess or insufficient amount of blood applied by the

patient. However, dosing of a dried sample is not pro-

vided in this case; the applied and dried sample is

completely washed off into the solution. A card from

RayBiotech Life (the United States), which contains

several strips for sampling about 30 μL of whole blood

per strip, is based on a similar principle.

A HemaXis auxiliary device (DBS System SA,

Switzerland) for taking a fixed volume of blood inte-

grated with a standard card from Whatman was pre-

sented [72]. This device makes it possible to apply

blood in a fixed volume to the membrane at the center

of a circle using a capillary system (Fig. 7). This avoids

errors in the application of blood by the patient, sub-

ject to subsequent extraction in automatic f low sys-

tems that use the entire area of the membrane with the

applied dried sample.
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Fig. 7. HemaXis blood sampling system (DBS System SA, Switzerland).
Neto et al. [73] used a capillary for the accurate

sampling of 3 μL of blood together with pre-cut disks

of a cellulose material (Fig. 8). This system consists of

membrane parts, onto which an exact volume of blood

(3 μL) is applied from a capillary, fixed in a plastic car-

tridge. This system makes it possible to increase the

accuracy of applying the samples in comparison with

that of a semi-automatic sampler. However, undoubt-

edly, this complicates the device and sample applica-

tion procedure. In terms of practicality, such devices

are unlikely to compare with classic sampling cards,

which are easy to manufacture, store, and transport.
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Fig. 8. Device for the capillary application of blood to pre-
cut discs [73].
In addition to new devices, card formats and mem-
brane materials that could serve as an alternative to the
traditional rectangular card format were also
described. For example, Polley et al. [74] used cellu-
lose material strips with a broadened end to obtain
DBSs (Fig. 9). According to Polley et al. [74], this for-
mat is convenient for sampling a certain volume of
blood (about 20 μL) and the subsequent PCR analysis
of blood for the diagnosis of malaria. Of course, this
format is suitable for qualitative analysis, but it is not
suitable for quantitative measurements because the
sampling is inaccurate.

Nobuto [75] was the first to propose blood sam-
pling on strips of cellulose material for the diagnosis of
toxoplasmosis in 1966. The strips consisted of two
parts: absorbent and distribution areas (Fig. 10). Sub-
sequently, Nobuto strips were repeatedly used for vet-
erinary diagnosis of various infectious diseases in both
domestic and wild animals [31, 76–79].

Our scientific laboratory has been actively working
on the preparation of biosamples in the form of dried
spots over the past decade. The authors of this review
proposed a new format for sample preparation of dried
samples using narrow strips of highly porous material
divided into zones of the same size (Fig. 11) [80, 81].
Such a strip of membrane material has two functions:
first, the function of a biomaterial carrier for storing
and transporting a dried sample to the laboratory and,
second, the function of a microsampler, that is, a
device capable of absorbing a fixed microamount of
liquid as a capillary dispenser. The amount of sorbed
liquid is determined by the sorption properties of the
material used. This format allows one to dispense a
dried sample using a required number of identical
membrane sections in order to perform repeated stud-
ies or several types of analysis of a dried sample. In
addition, the application of a sample using a strip is
o. 4  2022
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Fig. 9. Cards with a cellulose membrane carrier in the form of widened strips [74].

Fig. 10. Schematic diagram of a Nobuto cellulose strip
[75].

5 mm

30 mm
20 mm

10 mm
facilitated: the sample can be applied from the influx

of blood at the puncture site or from a tube by dipping

the edge of the strip into the liquid. In the former case,

this greatly facilitates the collection of blood samples

from animals and birds. A liquid, getting on the mate-

rial, is easily absorbed, and it spreads along the strip of

porous membrane material due to capillary forces.

Numerous examples have shown that the distribution

of both low-molecular-weight and high-molecular-

weight substances along the strip occurs uniformly;

because of this, any part of the membrane can be used

for analysis without compromising the accuracy of the

analysis [80–83]. It has also been shown that this con-

dition is met for membrane materials made of whole

glass fibers and polymer fibers, while a chromato-

graphic effect occurs in cellulose material [80]. The

study of the physicochemical properties of different

membrane materials in terms of their applicability to

this format and the subsequent use for dried sample

preparation and analysis of biological f luids made it

possible to recognize glass fiber material as the most

effective for use in bioanalytics. For example, blood

samples with different hematocrit values are distrib-

uted more evenly on glass fiber material than on cellu-

lose material (Fig. 12). In this case, the distribution

uniformity depends on the sorption properties of the

membrane. The successful use of the proposed sample

preparation format in combination with quantitative,

semi-quantitative, and qualitative immunochemical

and PCR analysis was demonstrated using the detec-

tion of hormones, protein metabolites, antibodies,

and DNA in the samples of whole blood, serum,
JOURNAL O
plasma and whole milk for the purposes of biomedical
and veterinary diagnostics as examples [80–93].

APPLICATION OF THE DRIED SPOT 
TECHNOLOGY FOR THE SAMPLING

OF BIOMATERIALS ON POROUS CARRIERS

Currently, the sample preparation of biomaterials
in the form of dried spots is mainly used to determine
low-molecular-weight substances, such as biologically
active pharmaceutical compounds and illegal drugs [7,
8, 11, 18], and to collect biomaterials for PCR and
genetic studies [22, 30, 42, 43, 94]. The DBS method
is well suited for therapeutic drug monitoring, which
requires multiple measurements during therapy with
substances with short exposure intervals [44]. The
DBS technology occupies a special place in the
remote diagnostics of human diseases and in neonatal
screening [43].

Monitoring of human diseases. According to
McDade et al. [95], at least 45 analytes, the identifica-
tion of which in DBS analysis is of the greatest value
for population studies, can be recognized. Among
F ANALYTICAL CHEMISTRY  Vol. 77  No. 4  2022
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Fig. 11. New format for the preparation of dried samples on a marked narrow strip of membrane material. 
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them are biomarkers that characterize the state of
human endocrine, cardiovascular, reproductive, and
immune systems, which can be detected in a small vol-
ume of the test sample at the current level of the devel-
opment of diagnostic technologies. The DBS technol-
ogy is now being integrated into several national US
and international population-based research pro-
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 77  N
grams for older children, adults, and the elderly. Thus,
the DBS technology has found wide application in the
remote studies of hepatitis [96] and HIV in African
countries [12, 13, 15]. Efforts to increase the availabil-
ity of HIV testing in rural areas of developing coun-
tries, where more than 90% of all people with HIV
live, are critical to fighting the disease. The DBS tech-
o. 4  2022
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nology provides a simple, reliable, and affordable way
to collect blood and other body f luids for disease
screening, quality control of health care, measure-
ment of HIV viral load, and drug resistance testing
under conditions when venous blood sampling and
transport are not feasible or difficult to perform [14].
Most quantitative HIV viral load tests are performed
by the PCR method, which requires a large amount of
plasma (100–600 μL) and the transcription of RNA to
DNA prior to amplification. In addition to the extra-
cellular HIV-1 RNA found in plasma samples, dried
samples contain whole blood and, therefore, intracel-
lular HIV-1 RNA and HIV-1 proviral DNA. As a
result, viral load testing using the DBS technology is
potentially more sensitive than the determination of
HIV-1 in plasma or serum. This is of great importance
for the early detection of HIV [21].

Preclinical and clinical drug studies. Preclinical tri-
als are based on the sampling of blood from experi-
mental animals within a certain period of time after
the administration of a drug in order to determine the
exact concentrations of the substances in the blood.
Preclinical trials include the study of the pharmaco-
logical and toxicological properties of drugs. Cur-
rently, many studies and publications are devoted to
this particular area of using the DBS technology in
pharmacokinetics [4, 27, 49, 50, 97, 98]. A standard
procedure for performing analyzes and pharmacoki-
netic studies involves the serial sampling of a suffi-
ciently large volume of blood (usually about 1 mL)
from animals (rats or mice), while the animal dies in
the course of blood sampling. A change to the DBS
technology can significantly reduce the amount of
taken biological material and save significant funds. In
addition, the same animal can be repeatedly used in a
series of DBS measurements [98].

Therapeutic drug monitoring. Due to low injury
rate, the DBS technology is indispensable in the ther-
apeutic monitoring of drugs when is necessary to
monitor the dynamics of drug concentration in the
body in order to prescribe a required course of admin-
istration. This is especially true for drugs with a short
therapeutic time of exposure or for unstable drugs. For
example, Marca et al. [99] used LC–MS/MS to ana-
lyze DBSs for the presence of immunosuppressors.
The DBS technology, especially in combination with
LC–MS/MS analysis, is actively used in the clinical
trials of antipyretic, antitussive, antiviral, anticonvul-
sant, immunosuppressive, antiepileptic, and other
drugs. However, with the use of the DBS technology
in therapeutic monitoring, it is necessary to take
into account factors affecting the results of the
analysis of dried and liquid samples (for example,
hematocrit) [95].

Neonatal screening. The use of the DBS technol-
ogy in neonatal screening has become widespread
throughout the world [4]. Due to the small volume of
blood taken, the traumatization of newborns is
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reduced, blood sampling is facilitated, and early diag-
nosis of pathologies becomes possible. The etiology
and pathogenesis of congenital diseases are mainly
revealed in infants. Such diseases are very rare, and
they amount to units per thousand and tens of thou-
sands of newborns; however, their timely diagnosis
and follow-up guarantee that the child will be free
from the negative manifestations of the disease. For
example, when phenylketonuria (phenylalanine
metabolism disorders) is detected, a special diet that
excludes the consumption of high-protein foods is
prescribed to the child. The limitation of phenylala-
nine consumption by the body makes it possible to
avoid irreversible pathological changes leading to
mental retardation [100].

Dried blood spot technology in veterinary medicine
and biology. Despite the fact that the DBS technology
is relatively widely used in medical research, its signif-
icance for veterinary medicine and biology is clearly
underestimated today. In fact, the use of the DBS
technology for the collection, storage, and analysis of
dried samples in the diagnosis of diseases of farm ani-
mals, poultry, domestic, and wild animals is only at
the very initial stage of development, although suc-
cessful attempts to study dried blood samples of farm
animals obtained on membrane materials using sero-
logical methods have been described as early as the
1950s–1960s [74, 101]. In the subsequent several
years, the number of scientific works not only in med-
icine but also in veterinary medicine sharply
increased. Over the next 30 years, the technology did
not arouse serious interest in veterinary medicine and
biology, and the number of publications began to grow
only in the late 1990s and early 2000s following the
widespread use of the DBS technology in the world.
However, even the current total number of publica-
tions devoted to the use of DBS in veterinary diagnos-
tics and biological research is small, and it amounts to
about 250 works.

Veterinary diagnostics based on the DBS technol-
ogy is carried out using a wide range of methods,
mainly including serodiagnostics to detect specific
antibodies in the blood of an animal and PCR to
detect the pathogen genome. Instrumental methods of
analysis, such as LC, MS, etc., are used to determine
antibiotics, pesticides, and metals [102–107]. The use
of samples dried on a carrier is of great practical inter-
est for the monitoring of diseases in regions with a
tropical climate, hard-to-reach and remote places,
and countries with a vast territory, where there may be
difficulties in transporting and storing the samples.
The DBS technology has been repeatedly used to
monitor important infectious diseases in agricultural
and domestic animals, such as trypanosomal diseases
of livestock in African countries [108], and to study
vector organisms involved in the transmission of
infection [109]. An interesting direction of such
research is the analysis of mosquito saliva and the parts
of vector insects, such as tsetse f lies, ticks, etc., in
F ANALYTICAL CHEMISTRY  Vol. 77  No. 4  2022
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order to identify the pathogen genome [110, 111].
Hopkins et al. [112] performed the identification of
infected and non-infected animals by a serological
method based on the results obtained using the DBS
technology, which was more efficient than the analysis
of liquid samples. It was noted that much more effort
is required to obtain serum for the standard analysis of
a liquid sample in the field because a significant
amount of material should be collected from the tail or
jugular vein of cattle.

The DBS technology finds application in the mon-
itoring of diseases of various wild animals and birds
[21, 30, 31, 76–78, 113–115]. Most infectious diseases
in wildlife are poorly controlled. Due to the impossi-
bility of taking many samples in a day, the samples are
accumulated over a long period of time. The DBS
technology makes it possible to store dried samples
during the entire expedition without refrigeration.
This approach was used in the monitoring of reindeer
brucellosis in Canada [77]. This disease is difficult to
control due to the harsh climate and the vast habitat of
wild animals. Livestock are also susceptible to the dis-
ease and the main cause of infection is transmission
from wild animals. Moreover, the danger of human
infection cannot be ruled out with the insufficient heat
treatment of food. Samples were taken from deer killed
in the course of shooting under extreme conditions at
temperatures down to –40°C using Nobuto strips and
analyzed by ELISA two months later. The collection
of dried samples on membrane carriers is used in
genetic and morphological studies, for example, in
order to determine the genome and serotype of the
pathogens of infectious diseases and to create bio-
banks [22, 43]. The anthropogenic impact on the rep-
resentatives of wild fauna is studied with the use of the
DBS technology. For this purpose, the presence of
toxicants, heavy metals, pesticides, and antibiotics in
the blood of migratory birds is determined [102–106].

It is promising to use the DBS technology for the
monitoring of infectious diseases in farm animals and
the level of post-vaccination immunity [85, 91]. Inten-
sively managed farm animals and poultry are suscepti-
ble to a large number of infectious diseases, usually, of
a viral nature, and the infection can spread quickly and
affect a large number of animals under industrial con-
ditions. There are special livestock vaccination pro-
grams for the prevention of infectious diseases
depending on the prevalence in a particular region.
Most publications on the use of the DBS technology
noted that the successful fight against dangerous
infections in wild and farm animals requires the devel-
opment of an effective and inexpensive method for
storing and transporting blood samples. This method
is the collection of the dried spots of biological f luids
on membrane carriers [22, 43, 76, 79, 94]. However,
this technology is unpopular and little known in the
veterinary practice of Russia; there are no approved
methodological guidelines for the use of dried samples
in monitoring programs. For animals, the possibilities
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 77  N
of applying blood and getting dried spots with the use
of classic cards are limited. Note that, in some studies,
the researchers themselves cut the cellulose material
into strips for the convenience of applying the samples
in order to impregnate the membrane directly from the
puncture and conveniently measure at the subsequent
stages [38, 116, 117].

PROSPECTS FOR THE DEVELOPMENT 
OF THE DRIED BLOOD SPOT TECHNOLOGY

The method of blood microsampling on a mem-
brane carrier will be increasingly used in the develop-
ment of new drugs, where it is necessary to regularly
take the samples of biological f luids from laboratory
animals. It is obvious that the DBS technology will
also be extended to methods for collecting and analyz-
ing the samples of not only whole blood but also other
biological f luids of humans and animals [2, 15, 83,
84]. At this stage of the development, many operations
in sample preparation are carried out manually.
Although this is not a problem with small samples,
large-scale research requires the use of automated
technologies. Currently available devices make it pos-
sible to fully automate the processing of cards with
dried spot samples for the subsequent automated anal-
ysis [23, 63]. In parallel with a decrease in the amount
of sampled material and the miniaturization of liquid
microsampling devices, the analyzers that simultane-
ously include DBS sample preparation units and a
mass spectrometer are miniaturized. Attempts are
being made to interface automated DBS devices with
instruments used in other methods in order to expand
the range of test materials and increase the accuracy of
the analysis. The development of DBS methods with
the use of LC–MS/MS analysis, which significantly
expands the capabilities of the technology due to a
combination of several techniques that mutually com-
pensate the disadvantages of each other, was reported
[2]. With strict adherence to a sampling procedure, the
automated separation of the membrane section with
the sample and the extraction (elution) of analytes,
and an improvement of the chemical composition of
sorbing porous membranes to increase the stability of
unstable compounds, the DBS technology will play an
important role in the quantitative analysis of drugs, the
determination of metabolites in blood, and the diag-
nosis of diseases in medicine and veterinary medicine
[15]. The range of compounds to be determined with
the use of the DBS is technology expanding; methods
for the determination of trace elements [117] and satu-
rated and polyunsaturated fatty acids [118] are being
developed. A new direction for the use of the DBS
technology was announced in July 2021. At the
138th Session of the International Olympic Commit-
tee (IOC), the World Anti-Doping Agency (WADA)
announced the approval of a method for testing dried
blood spots of athletes for prohibited (doping) sub-
stances in international competitions, including the
o. 4  2022
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Olympic Games, starting with the Tokyo 2021 Olym-
pics.

* * *

In summary, note that, despite the wide distribu-
tion, porous cellulose carriers have generally recog-
nized disadvantages: the uneven application and dis-
tribution of blood spots, the dependence of the area of
a blood spot distribution zone on the viscosity proper-
ties of individual samples, and the incomplete washing
of the sample from the carrier due to the partially irre-
versible sorption of blood components on cellulose
fibers. These disadvantages limit the capabilities of the
DBS technology used in quantitative analysis for diag-
nostic purposes. This is especially true for immu-
nochemical methods, although the technology for
neonatal screening is well developed and standardized.
New porous non-cellulose membrane materials that
have undeniable operational and analytical advantages
and decrease or completely eliminate undesirable
effects inherent in cellulose are currently proposed in
order to obtain the dried spots of biosamples. In addi-
tion, more convenient formats of biosampling devices
are being searched for, which will allow efficient sam-
pling not only from humans but also from animals, in
particular, outside the laboratory. It should be noted
that most of the new devices for sampling and sample
preparation in the form of dried spots are designed for
individual use rather than for routine large-scale
screening. The cost of an improved personal blood
sampling device and the complexity of its manufacture
and use suggest its applications in medicine. The use
of biosamples in the form of dried spots for the moni-
toring of infectious diseases is not widespread in veter-
inary diagnostics. In particular, this is due to the high
cost of sampling devices for medical use available on
the market and the absence of alternative sample
preparation systems and formats convenient for veter-
inary use, in particular, for taking blood samples from
animals and birds in the field. In addition, method-
ological approaches to working with dried samples are
poorly developed. Through the development of conve-
nient sampling devices, the DBS technology can
become an alternative to the use of liquid samples for
the routine monitoring of farm animals and poultry
and other veterinary and biological studies of wildlife.
The use of medical devices based on cellulose mem-
branes, mainly in the form of cards, in diagnostics is
focused on quantitative analysis performed by physi-
cochemical methods in order to assess the level of low-
molecular-weight substances in human blood. The
duration of the analysis and the list of analytes strongly
depend on the possibility of automating the stages of
operation with dried samples. The availability of auto-
matic sample preparation stations is a serious barrier
to the widespread introduction of the technology in
practice in developing countries. The use of dried
samples creates additional methodological difficulties
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for routine immunochemical analysis in laboratories
focused on the analysis of liquid samples because most
operations with DBSs are performed manually.
Despite its growing popularity, the DBS technology is
not yet fully established in some analytical aspects. In
general, the DBS technology is evolving toward
improvements and increasing the fraction of auto-
mated processes, which will ultimately lead to a reduc-
tion in the average analysis time and to the possibility
of performing large-scale research and disease moni-
toring. The accuracy and sensitivity of the results
obtained using the dried spots of biological f luids
increases with the development of modern technolo-
gies. Obviously, the use of the DBS technology will
gradually replace traditional liquid plasma analysis.
The indisputable advantages of the DBS technology
are the simplicity of blood sampling by the patient
himself, the possibility of sending a dried sample by
mail and obtaining the result of the analysis remotely,
and the possibility of delivering a dried sample to the
laboratory from remote areas, for example, from Afri-
can countries. This delivery method can simplify the
work and contribute to the detection and eradication
of diseases such as HIV and hepatitis B in third world
countries.
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