
Vol.:(0123456789)1 3

https://doi.org/10.1007/s11259-022-09957-w

REVIEW ARTICLE

Dried Blood Spots technology for veterinary applications 
and biological investigations: technical aspects, retrospective analysis, 
ongoing status and future perspectives

Jeanne V. Samsonova1  · Nikolay Yu. Saushkin1  · Alexander P. Osipov1 

Received: 19 January 2022 / Accepted: 13 June 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract
Dried Blood Spots (DBS) technology has become a valuable tool in medical studies, however, in veterinary and biological 
research DBS technology applications are still limited. Up-to-date no review has comprehensively integrated all the evidence 
existing across the fields, technologies and animal species. In this paper we summarize the current applications of DBS tech-
nology in the mentioned areas, and provide a scope of different types of dried sample carriers (cellulose and non-cellulose), 
sampling devices, applicable methods for analyte extraction and detection. Mammals, birds, insects and other species are 
represented as the study objects. Besides the blood, the review considers a variety of specimens, such as milk, saliva, tissue 
samples and others. The main applications of dried samples highlighted in the review include epidemiological surveys and 
monitoring for infections agents or specific antibodies for disease/vaccination control in households and wildlife. Besides 
the genetic investigations, the paper describes detection of environmental contaminants, pregnancy diagnosis and many 
other useful applications of animal dried samples. The paper also analyses dried sample stability and storage conditions for 
antibodies, viruses and other substances. Finally, recent developments and future research for DBS technology in veterinary 
medicine and biological sciences are discussed.

Keywords Dried blood spots · Dried matrix spots · Veterinary diagnostics · Epidemiological surveys · Sero-surveillance · 
Genetic investigations

Introduction

Preparation and analysis of whole blood and serum dried 
samples applied on a filter paper attracted attention of 
research community in the early 60-s and over the course 
of several years there was a rise of publication activity in 
human and veterinary medicine subjects. Despite the fact 
that Dried Blood Spot (DBS) technology today is widely 
used in medical diagnostics, the practical value of the tech-
nology for veterinary and biology is evidently underesti-
mated. In fact, the use of the DBS technology for sampling, 
storage and dried biosamples analysis for livestock and wild-
life animals disease diagnostics is not widely spread and 
established in veterinary practice, although, the process of 

obtaining and sampling of animal dried blood samples has 
been described since the late 50-s and early 60-s of the last 
century (Adams and Hanson 1956; Karstad et al. 1957; Ben-
son and Mickle 1964; Aldo Gaggero and Sutmöller 1965; 
Nobuto 1966). Over the next thirty years, this technology 
had not drawn much attention neither in veterinary medicine, 
nor in biological and ecological research. It can be noted that 
only since 90-s and early 2000-s, along with widespread use 
of the DBS technology in many research areas, the num-
ber of scientific publications concerning DBS technology 
began to grow (Fig. 1). However, the number of articles on 
DBS in veterinary and biology is still limited, and only about 
two hundred seventy papers in total have been published 
since late 50-s. During the last 10–15 years, the number of 
veterinary publications in DBS area did not exceed 10–20 
papers per year, despite the rapid growth of general publica-
tion activity in DBS technology (Fig. 1b). Currently, DBS 
technology is the principal tool in neonatal screening for the 
rare genetic diseases detection; it is also extensively used 
in various medical bioanalytical studies, preclinical drug 
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trials, toxicokinetic and pharmacokinetic studies, clinical 
pharmacology, also in forensic, doping, ecological exper-
tise, and biobanking (Demirev 2013; Meesters and Hooff 
2013; Sharma et al. 2014; Enderle et al. 2016; Antunes et al. 
2016; Lim 2018; McClendon-Weary et al. 2020). Today 
DBS technology is not limited to whole blood as primarily 
assayed biofluid and includes much wider range of utilised 

dried body fluids such as urine, saliva, milk etc. The general 
term used for air-dried biosamples on filter paper is Dried 
Matrix Spots (DMS) (Jacques et al. 2022). DBS technology 
minimizes invasiveness of blood sampling, reduces animal 
mortality in preclinical studies. Moreover, dry samples are 
highly stable, and do not require compliance with the cold 
chain protocol during transportation. The difference in the 
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Fig. 1  Annual scientific publications on DBS technology. (a) scientific publications on DBS technology (total amount, Scopus database data); 
(b) scientific publications on DBS technology in veterinary and biology
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number of medical articles and veterinary/biology articles 
might be explained by the constant growth of DBS appli-
cations in human research and healthcare. Thus, searching 
scientific databases Freeman et al. (2018) identified 2018 
unique analytes measured in DBS samples, among them 50% 
were classified as small molecule, 33% as large molecule, 
15% as nucleic acid, and 2% as element. The authors also 
emphasized that every common analytical method applied to 
traditional liquid samples had been applied to DBS samples.

DBS technology definitely has distinct advantages, 
including simplicity of samples collection in the field, easy 
and space-efficient storage and delivery, applicability to 
small volume of biofluids, suspensions, tissues of mam-
mals, birds, insects and other animals. Here we summarize 
scientific data concerning DBS technology application in 
veterinary medicine and biological investigations in terms 
of collection, shipment, storage and analysis of dried biosa-
mples by various analytical methods.

DBS in veterinary and biology: living objects 
under investigation

DBS technology has been used for samples collection and 
analysis in livestock, poultry, pets and in a big variety of 
domestic, peridomestic and wildlife mammals and birds 
(Table 1). Dried samples from amphibians, crustaceans, 
fishes, molluscs, reptiles as well insects have also been taken 
and investigated (Table 1). Large-scale epidemiological sur-
veys usually included collection of dried samples from a 
great variety of animals. Thus, the presence of antibodies to 
Yersinia pestis was investigated in DBS samples taken from 
coyotes, bobcats, striped skunks, raccoons, American badg-
ers, vulpes, rats, California voles (Wolff and Hudson 1974); 
gray and red foxes, gray wolves, mountain lions (Chandler 
et al. 2018). The investigation of wild rodents (terraced rice 
rats, Spix's yellow-toothed cavies, hairy-tailed bolo mice, 
red-nosed mice, common punarés) and synantropic rodents 
(rats) from an endemic area of cutaneous and visceral leish-
maniasis in Brazil was described by Oliveira et al. (2005). 
Blood and tissues from many other vertebrates alone with 
Australian pelicans, crested pigeons, Mallee fowls, sleepy 
lizards and fishes (King George Whiting, tuna), frogs, yab-
bies (an Australian fresh water crustacean), abalones and 
blue swimmer crabs were investigated by Smith and Bur-
goyne (2004). Domestic, synanthropic and wild mammals 
including dogs, donkeys, common opossums, mules, black 
rats, horses, fruit-eating bats, cats, wild boars, goats, red-
tailed squirrels were surveyed for Trypanosoma cruzi/Leish-
mania spp coinfection (Viettri et al. 2018). Herrera et al. 
(2005) estimated the Trypanosoma evansi infection rate and 
epizootic status of wild and domestic mammals (equines, 
dogs, bats, feral pigs, peccaries, coatis), small mammals 

including opossums, agoutis, spiny rats, murids from the 
Brazilian Pantanal region. Trypanosoma infection control 
usually included blood testing of domestic and wild animals 
such as horses, pigs, dogs, bovine, buffalo, zebu cattle, capy-
baras, coatis (Ventura et al. 2001, 2002), as well as cattle 
together with tsetse flies (Gillingwater et al. 2010).

Dried samples to analyse

Application of DBS technology in veterinary and biology 
is not only limited to whole blood, serum and plasma 
(Table 1). Other blood fraction, buffy coat, applied and 
dried on paper, was described as a useful tool for detection of 
Trypanosoma, a blood parasite (Picozzi et al. 2002; Geysen 
et  al. 2003; Gillingwater et  al. 2010; Moti et  al. 2014). 
Picozzi et al. (2002) noted that buffy coat preparations on 
filter paper matrices was the most sensitive methodology 
relative to the gold standard than analysis of liquid whole 
blood or dried whole blood for PCR determination of T. 
brucei in domestic livestock. Specific tasks in veterinary 
and biological research also employed a wide range of dried 
biosamples such as milk (Wu et al. 2008; Samsonova et al. 
2014, 2017; Durel et al. 2015; Venkatesh and Gopal 2018), 
serosanguineous fluid from the throracic cavity (Elmore 
et al. 2014), spleen and lymph node aspirates (Strauss-Ayali 
et al. 2004), tongue epithelial (Muthukrishnan et al. 2008; 
Madhanmohan et al. 2013, 2016; Biswal et al. 2016) and foot 
epithelium samples (Madhanmohan et al. 2016), brain tissue 
spots (Wacharapluesadee et al. 2003; Jefferies et al. 2007; 
Sakai et al. 2015; Léchenne et al. 2016; Rasolonjatovo et al. 
2020), bone marrow aspirates (Cortes et al. 2004), bovine 
semen (Sarangi et al. 2018), haemolymph (Machado et al. 
2000; Kiatpathomchai et al. 2004; Sudhakaran et al. 2009), 
fish body mucus and buccal cells (Lucentini et al. 2006), 
ray mucus (Kashiwagi et al. 2015), lavral homogenate and 
milt (Navaneeth Krishnan et al. 2016) and a big variety of 
tissue and swab samples (Table 1). Insect dried samples 
used for analysis included insects crash (Lall et al. 2010; 
Dickey et al. 2012) or suspension/homogenate (Snowden 
et al. 2002; Harvey 2005; Desloire et al. 2006), dry fecal 
spots (Russomando et al. 1996; Machado et al. 2000; Dorn 
et al. 2001; Brito et al. 2008; Braz et al. 2008), haemolymph 
(Machado et al. 2000), gut smear (Boid et al. 1999; Adams 
et  al. 2006; Fall et  al. 2012), midgut and proboscises 
(Gillingwater et al. 2010), crashed abdomen (Niare et al. 
2017), blood meal specimens (Reeves et al. 2016) and saliva 
(Hall-Mendelin et al. 2010; van den Hurk et al. 2014; Flies 
et al. 2015; Johnson et al. 2015; Burkett-Cadena et al. 2016; 
Kurucz et al. 2014; 2019; Wipf et al. 2019; Birnberg et al. 
2020). In some cases, insect nucleic acids were first extracted 
and then stored on the paper in a dried form (Owens and 
Szalanski 2005; Bujang et al. 2011; Miller et al. 2013). The 
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usual way of biofluids or homogenate/suspensions sampling 
onto filter material is a dropwise application. A part of 
absorbing material, for instance, in a form of strip, was also 
used for biofluids saturation (Table 1). Tissues and similar 
specimens are usually applied on a carrier in a form of smears 
or crushes. Insect saliva or dry fecal spots are collected by a 
direct exposure of insects onto a filter paper. Nevertheless, 
whole blood as a source of specific antibodies or genetic 
material remains the most commonly used biofluid among 
all dried samples taken from animals so far (Table 1). At the 
same time, it should be noted that due to a big diversity of 
animal species and the tasks of particular investigation, the 
variety of described dried biosamples is much wider than 
in human medicine, where body fluids are usually utilized. 
Type of the used specimen is determined by the peculiarities 
of causaruve agent localisation in a body, for example, avian 
influenza virus can be found in parts of bird’s body but not in 
blood, rabies virus – in brain tissue, infectious bursal disease 
virus – in bursa, etc. (Tables 1 and 2).

Carriers for dried samples and sample 
pretreatment

Pure cellulose as an affordable and established material for 
DBS sampling has been rooted from neonatal screening 
starting from the 1960-s, and since then it was considered to 
be the standard sample carrier in most medical and scientific 
works (Demirev 2013; Meesters and Hooff 2013; Sharma 
et al. 2014). This type of membrane material was used in the 
majority of the reported veterinary and biological investiga-
tions too (Table 1). The investigations were carried out with 
cellulose absorbing filter paper (manufactured from 100% 
pure cotton) of various trademarks: mainly it was wide-
spread Whatman (no.1, no.3, no.4, 3MM filter paper and 
others), less frequent it was Munktell, Schleicher&Schuell 
and some others, as well as blotting paper (Table 1). Some 
researchers used an ordinary filter paper or cone type paper 
typically used for coffee filters (Quintana et al. 2009) and 
even plain office and stationary paper (Maw et al. 2006; 
Suriyaphol et al. 2014) for drying and further it was used for 
PCR amplification of genetic material. Generally speaking, 
any porous cellulose or other absorbing material is sufficient 
to saturate whole blood or other biological fluids/specimens, 
and it allows to analyse the absorbed biomaterial at least 
qualitatively. The sampling method onto common papers 
can be suitable for surveys where laboratory resources are 
limited (Maw et al. 2006), but this type of material’s appli-
cability for the particular investigation should be evaluated 
(Suriyaphol et al. 2014). Commercial chemically treated 
cellulose-based sampling cards, such as protein saver card 
903, FTA card, FTA elute card (Whatman) were used for 
sampling quite often (Table  1). Special FTA (Flinders 

Technology Association) cards were developed to proceed 
cell lysis and protein denaturation while the biosample was 
applied onto the material and to preserve nucleic acids for 
subsequent DNA or RNA analysis. In case of PCR, FTA 
cards impregnated with detergents and other special sub-
stances are the most frequently used cards (Table 1). Moreo-
ver, they can provide virus inactivation, and are the safest to 
use among other Whatman filter papers (Wannaratana et al. 
2021). Wannaratana et al. (2021) found that three Whatman 
cellulose carriers, namely FTA card, 903 card and qualita-
tive filter paper grade 2 can preserve Marek’s disease virus 
DNA for at least 30 days post spot but only on FTA cards no 
viable Newcastle disease virus was detected at all post spot-
ted timepoints. For specific purposes, a common laboratory 
filter paper or stationary paper can be considered as afford-
able cost-efficient absorbing material in comparison with 
more expensive commercially available special sampling 
cards. For example, seeking for safe, inexpensive, simple 
and easy method of sample preparations, Maw et al. (2006) 
showed that ordinary paper with phenol fixation inactivates 
and sustains infectious bursal disease virus RNA as the FTA 
card. So, regardless of the paper quality, storage period and 
fixation method, viral RNA was consistently detected in all 
bursa dried imprints after 30 days storage at 37 °C. Under 
determination of avian sexing in DBS Suriyaphol et al. 
(2014) concluded that the most practical and cost-effective 
method across different types of commercial sampling cards, 
ordinary filter and stationery paper was the utilisation of 
Whatman grade 1 filter paper (ordinary filter paper) with the 
combination of methanol fixation and boiling.

It is well known that cellulose material used for 
whole blood absorption has some week points, such as 
haematocrit effect and chromatographic effect, which are 
generally affecting the low molecular weight substances 
analysis and quantitative analysis (Velghe et  al. 2019). 
These effects resulted from rheological properties of whole 
blood, hematocrit varying from sample to sample, and 
from the nature of cellulose material with hollow fibres, 
all together these factors influence the assay accuracy (De 
Kesel et al. 2013). That is why, along with other numerous 
approaches and devices for volumetric sampling of whole 
blood, the researchers consider the alternative non-cellulose 
materials for DBS preparations to minimize these effects. 
Some veterinary studies were performed with the use 
of nitrocellulose, nylon (Vilček et al. 2001; Wang et al. 
2002) and fiberglass membranes (Samsonova et al. 2014, 
2017, 2019a, b; Saushkin et al. 2016a, b, 2019). Just a few 
works were devoted to compare cellulose and non-cellulose 
membrane carriers for particular investigations. Vilček 
et al. (2001) compared cellulose, nitrocellulose and nylon 
carriers under the storage of dried whole blood and serum 
containing bovine viral diarrhea virus (RNA virus); the 
lowest yield of PCR products was obtained for classical 
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filtration paper. DBS stored on different carriers at + 4 °C 
or -20 °C (up to 4 weeks) and at room temperature (up to 
6 months) were stable. Wang et al. (2002) also compared 
cellulose, nitrocellulose and nylon carriers upon detection 
of duck hepatitis B virus in dried serum, and found that 
cellulose paper provides the highest yield of PCR products 
and nylon membrane provides the lowest.

All Whatman and similar cards are manufactured as a 
small piece of thick cellulose filter paper with special cir-
cled zones for a sample application. As reported, animal 
DMS were also collected with the help of some alterna-
tive sampling devices such as Tego Card (Yoon et al. 2010; 
Sun et al. 2013), Hemaspot device (Rosypal et al. 2014), 
isoCode stix (Jefferies et al. 2007) and Nobuto cellulose 
strips (Table 1). Nobuto cellulose stripes were first used in 
1966 by Japanese scientists Kenzo Nobuto to collect swine 
blood for serodiagnosis of toxoplasmosis (Nobuto 1966). 
The strips consisted of two parts: the absorbent area and the 
distribution area. Later, Nobuto cellulose strips were found 
useful for wildlife sampling as a convenient tool for whole 
blood collection in a field, directly from a puncture or a 
wound (Table 1). Another type of stripes made of fiberglass 
and divided into equal zones for collecting and analysing of 
dried whole blood, serum or milk by ELISA and PCR were 
described (Samsonova et al. 2014, 2017, 2019a, b; Saushkin 
et al. 2016a, b, 2019). The proposed strip provides volumet-
ric biofluid microsampling due to the properties of absorb-
ing non-cellulose material consisted from solid fibers and 
the shape of the strip. This fiber glass strip has advantages 
over cellulose material in terms of mechanical strength, 
easiness of aliquoting of dried sample, small influence of 
sample hematocrit and uniform biofluid/analyte distribution 
across the strip (Samsonova et al. 2016, 2017, 2022; Sau-
shkin et al. 2019). Based on similar principle a comb-shape 
12-spot DBS card was designed that can be directly placed 
into ELISA plate wells for elution of antibodies (Knuuttila 
et al. 2014). Moreover, a domestic device that can introduce 
eight blood combs simultaneously to the ELISA plate with 
no need for a separate elution/dilution step and speeding up 
the sample pretreatment was used. Overall, it should be high-
lighted that a strip of absorbing material can be considered 
as the most convenient way of whole blood sampling in the 
field so far, especially in hush conditions, with no need of 
dosing equipment. It is significant that in some works, the 
researchers, for the convenience of applying the blood sam-
ple, cut the cellulose material into strips for the possibility 
of impregnation of the membrane directly from puncture 
and ease of dosing in the subsequent stages (Aldo Gaggero 
and Sutmöller 1965; Lana et al. 1983; Avakian and Dick 
1985; Roy et al. 1994, 1992; Stallknecht and Davidson 1992; 
Nogami et al. 1992; Reisen et al. 1994; Thangavelu et al. 
2000; Dubay et al. 2006; Jefferies et al. 2007; de Oliveira 
et al. 2011; Randriamparany et al. 2014).

Analysis of the published works revealed that to perform 
serological tests the conditions of dried biosample extraction 
from cellulose carrier were chosen by authors empirically 
and usually included incubation of dried sample in a buffer 
solution from 1–2 h to overnight or even 24 h at room tem-
perature or + 4 °C. At the same time it was shown that 20–30 
incubation under shaking at room temperature is enough 
to release antibodies from whole blood, serum or plasma 
dried on a glassfibre strip (Saushkin et al. 2016b, a, 2019; 
Samsonova et al. 2019a, b). Some works described the opti-
mization of antibodies elution time and temperature (Hop-
kins et al. 1998; Chadio et al. 2002). Similarly, to increase 
concentration of cattle pregnancy-associated glycoproteins 
(PAGs) in paper eluate Sun et al. (2013) used a modified 
ELISA protocol including increased sample volume, longer 
incubation time and plate shaking during incubation. In gen-
eral, there are no established standardized procedures for 
antibodies extraction from dried biological fluids. Antibod-
ies have been extracted from a membrane carrier into differ-
ent buffers such as borate buffer (Wolff and Hudson 1974; 
Sacks et al. 2002; Chomel et al. 2004; Bevins et al. 2016; 
Chandler et al. 2018), Tris buffer (Nogami et al. 1992; Chan-
dler et al. 2018), physiological saline (Wolff and Hudson 
1974; Kalayou et al. 2011), phosphate buffered saline (PBS) 
with detergent (Afshar et al. 1987, 1992; Roy et al. 1992; 
Hopkins et al. 1998; Holland et al. 2002; de Oliveira et al. 
2011; Dam-Tuxen et al. 2014; Andersson et al. 2015; Al-
Kappany et al. 2018) or PBS with no detergent (Aldo Gag-
gero and Sutmöller 1965; Platt and Adams 1976; Armstrong 
et al. 1991; Stallknecht and Davidson 1992; Cabrera et al. 
1999; Mueller-Anneling et al. 2000; da Silva et al. 2000; 
Holland et al. 2002; Jordan et al. 2005; Dalerum et al. 2005; 
Mucker et al. 2006; Yoon et al. 2010; Dusek et al. 2011; 
Mercier et al. 2013; Rosypal et al. 2014; Abbott et al. 2014; 
Aston et al. 2014; Kamps et al. 2015; O’Hara et al. 2018; 
Santos et al. 2018; Ytrehus et al. 2021; Jennings-Gaines 
et al. 2021). Usually, the amount of blood absorbed and 
then retained from a filter paper was not assessed; however, 
that is an important issue during assay development or com-
mercial ELISA kit adaptation for dried samples. Yu et al. 
(2007) established a linear equation between dry weight of 
filter paper and known volume of absorbed whole blood to 
estimate Sika deer blood volume absorbed by filter discs 
taken in the field. Aston et al. (2014) performed retrospec-
tive evaluation of several kinds of laboratory-grade filter 
paper along with commercial cellulose Whatman cards dur-
ing anti-T. gondii antibody elution and detection from DBS 
taken from hunted ungulates. The dried blood concentration 
across different filter papers was determined by means of 
pipetting a predetermined volume of blood and calculating 
the area of the blood spot. To calculate dilution factor the 
authors modified agglutination assay protocol taking into 
account the number of punched disks (from blood spot) and 
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the elution buffer volume. This method allows researchers 
to adapt their approaches to different available absorbing 
materials. Fiber glass material in a form of a strip allows the 
calculating of predertermined sorption capacity per a single 
square piece of a strip, so the development and assessment of 
the target analyte extraction efficiency is an easier task than 
for cellulose material (Samsonova et al. 2016, 2017, 2019b; 
Saushkin et al. 2019).

Nucleic acids extraction from DMS was performed with 
the use of most common DNA/RNA extraction methods. 
For example, Cardona-Ospina et al. (2019) summarized 
RNA extraction from FTA cards used for detection and 
characterization of viral RNA pathogens from fieldwork. 
Commercially available DNA extraction kits can be opti-
mized to provide the most accurate and precise recovery 
for molecular epidemiological studies as it was shown for 
Trypanosoma cruzi DNA extracted from canine and skunk 
DBS (Gulas-Wroblewski et al. 2021). The issue of the best 
practice for preparation of samples from FTA cards for the 
molecular diagnosis under large-scale epidemiological stud-
ies was addressed in the work of Ahmed et al. (2011) using 
African trypanosomes as a model object. The authors found 
that to improve the detection of trypanosomes by PCR, DBS 
should better be eluted from cards using Chelex®100 than 
directly applied into PCR. The authors also emphasized that 
to overcome any problems associated with uneven distribu-
tion of parasite DNA on the card matrix and to increase the 
sensitivity of the molecular diagnosis of trypanosome infec-
tions the increased numbers of discs cut from DBS should 
be used. Seeking for the most effective high-quality unfrag-
mented DNA extraction method for genomic studies Love 
Stowell et al. (2018) compared three types of paper (Nobuto 
filter paper strip, FTA card, FTA Elute card) and four com-
monly used extraction methods with some modifications 
using ungulate and canine dried whole blood. The authors 
concluded that preservation FTA cards were not adequate 
for providing unfragmented DNA for downstream genomic 
applications such as microsatellite and genomic sequencing 
especially for mammals which have non-nucleated blood 
cells. However, other researches successfully used FTA 
cards for genetic applications such as microsatellite geno-
typing (King et al. 2005; Lucentini et al. 2006; Carr and 
Appleyard 2008; Heim et al. 2012; Nunziata et al. 2016). 
For example, Lucentini et al. (2006) described a nondestruc-
tive method for obtaining the high-quality DNA from fish 
body mucus and buccal cells, making it the best choice for 
populational genotyping. In another investigation FTA cards 
was shown to be a good source of high-quality abalone DNA 
particularly for mitochondrial DNA and nuclear microsatel-
lite amplifications for abalone (Carr and Appleyard 2008).

The separation of a part of the dried biospecimen spot on 
a membrane is usually carried out using a puncher, obtain-
ing one or multiple paper disks of small diameter. Using of a 

puncher for DNA/RNA samples can be associated with cross 
contamination, which demands additional cleaning step and 
blank cards punching (Linhares et al. 2012). At the same 
time, the use of non-cleaned and cleaned scissors showed 
no false positive results, and provided correct amplicon 
sizes (Suriyaphol et al. 2014). It was also reported, that the 
standard protocol of punching a membrane disk with dried 
blood sample leads to strong cross-contamination, despite 
cleaning the puncher with alcohol and using sterile wipes 
(Jefferies et al. 2007). The authors sequentially punched ster-
ile filter paper, purified by alcohol after a positive sample; 
and obtained six potentially contaminated disks. Further, 
these disks were subjected to the standard procedure of DNA 
extraction and amplification; it showed that a false-positive 
result could be obtained even though the third-punched disk 
of sterile paper was used.

Extraction methods for other substances depended on 
the extractant type, thus enzymes and other proteins were 
usually extracted into buffers whereas for the low molecu-
lar substances organic solvents were preferably used. PAGs 
were extracted into PBS for 1 h at room temperature (Sun 
et al. 2013) and cholinesterase was extracted with the water 
solution of Triton X-100 (Trudeau et al. 2007). Progesterone 
was extracted from dried blood water eluate with the use of 
diethyl ether (Lin et al. 1988), from DBS—into PBS sup-
plied with bovine serum albumin (Chadio et al. 2002), or 
alternatively it was released from dried milk during immu-
nological reaction (Samsonova et al. 2014, 2017). To recover 
antibiotic enrofloxacin and its metabolite ciprofloxacin from 
dried blood Posyniak et al. (2002) found that among the 
investigated eluents the best one was acetonitrile. Moreo-
ver, the eluate ultrasonication showed preferences over shak-
ing in terms of better extraction and protein denaturation. 
Acylcarnitines from dried serum spots were extracted with 
methanol (Sander et al. 2018; Worku et al. 2021).

To summarize it all, it should be emphasized that the 
choice and evaluation of a filter paper or a sampling card 
from a variety of available items is determined by a specific 
goal and optimal criteria for a particular task. An extraction 
procedure should be optimised to keep extractant level as 
high as possible, preferably close to that of the correspond-
ing liquid sample, as it was shown for DNA\RNA extrac-
tion protocols from engorged and unfed individual mites 
(Desloire et al. 2006), from canine DBS (Tani et al. 2008) 
and from dried brain tissue (Sakai et al. 2015).

Methods and detected substances

Veterinary, biological and ecological investigations, based 
on DBS technology, are supported by a range of immu-
nochemical, genetic and instrumental analytical methods. 
Veterinary diagnostics with the use of DMS are based on 
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the results of a variety of methods, including serological 
methods for the specific antibodies detection and PCR to 
reveal pathogen genetic material (Table 1). Serological 
methods for filter paper eluates include virus neutralization 
test, methods based on precipitation of antigen–antibody 
complex in agarose gel, indirect fluorescent antibody test, 
a variety of agglutination tests, radioimmunoassays, immu-
nochromatographic test, and multiple variants of ELISA 
(Table 1). ELISA was also used to detect progesterone in 
cows’ dried milk and pigs’ dried blood (Lin et al. 1988; 
Chadio et al. 2002; Samsonova et al. 2014, 2017) and PAGs 
in cows’ dried blood (Sun et al. 2013) as pregnancy mark-
ers. A variety of PCR methods and its modifications used 
for DMS eluate amplification are vast, and included nested 
PCR, a hemi-nested PCR, real-time reverse transcription-
loop-mediated isothermal amplification assay (RT-LAMP), 
the low-stringency single specific primer PCR (LSSP–PCR), 
and others (Table 1). Amplified fragment length polymor-
phism—AFLP, nested polymerase chain reaction – restric-
tion fragment length polymorphism—PCR–RFLP, nucleic 
acid sequence-based amplification—NASBA, sequencing, 
DNA barcoding and other techniques were employed for 
identification and confirmation of disease causative agent, 
or investigations of gene polymorphism, genotyping, phy-
logenetic analysis and population genetic studies (Table 1).

Instrumental analytical methods, such as high perfor-
mance liquid chromatography (HPLC), inductively coupled 
plasma mass spectrometry (ICP-MS), liquid chromatography 
(LC), mass-spectrometry (MS), atomic absorption spectrom-
etry (AAS), and others were used for detection of pesticides 
and toxic environmental contaminants in wild birds (Shlos-
berg et al. 2011, 2012; Lehner et al. 2018), antibiotics in 
chickens (Posyniak et al. 2002), toxic heavy metals in wild 
birds and animals (Shlosberg et al. 2011, 2012; Lehner et al. 
2013; Hansen et al. 2014; Perkins and Basu 2018; McHu-
ron et al. 2019), cyclosporine A in cats (Mohamed et al. 
2012) and doping agents in horses (Moeller and Yang 2021). 
Lyposomal enzyme activity in cats and dogs was estimated 
by fluorescent method (Sewell et al. 2012), cholinesterase 
activity as function of its inhibitors (as organophosphate 
and carbamate insecticides) in wild birds was performed 
by spectrophotometric method (Trudeau et al. 2007), blood 
meal identification in mosquitos was done by MS spectra 
(Niare et al. 2017).

Dried veterinary samples storage stability

Remote blood sampling for diagnostics and scientific inves-
tigations should be supported by the analytes stability in 
dried biological matrix, shipped from the farm/field to the 
laboratory and then stored until needed. In veterinary works, 
storage stability issue has been addressed in relation to the 

recovery of antibodies, nucleic acids and other substances 
across a variety of the DMS specimens (Table 2). Paper-
immobilised antibodies usually showed good storage stabil-
ity and temperature and humidity resistance probably due 
to their relatively rigid three-dimensional structures (Wang 
et al. 2012) and their quite high concentration and protein 
surroundings in dried blood. In veterinary diagnostics high 
storage stability of antibodies was described for dried whole 
blood, serum and plasma (Adams and Hanson 1956; Karstad 
et al. 1957; Benson and Mickle 1964; Aldo Gaggero and 
Sutmöller 1965; Stallknecht and Davidson 1992; Dubay 
et al. 2006; Curry et al. 2014a; Nemeth et al. 2017, 2021). 
Majority of the antibodies stability studies were performed 
on common filter paper and fiber glass stripes (Table 2). 
Curry et al. (2014b) showed good long-term antibodies 
stability (up to 2 years at ambient conditions) in reindeer 
and caribou DBS collected on Nobuto filter paper stripes 
in the field. Interestingly, better storage stability of chicken 
immunoglobulins stored on fiber glass strip was observed for 
dried whole blood than for dried serum samples (Samsonova 
et al. 2019a).

Many investigators examined viral and other causative 
agents storage stability (RNA or DNA) on sampling cards, 
mostly on nucleic acids preservation cards like FTA, or other 
absorbing materials (Table 2). Thus, Pitcovski et al. (1999) 
used two non-enveloped viruses, infectious bursal disease 
virus (IBDV, RNA virus) that infects chickens or hemor-
rhagic enteritis virus (HEV, DNA virus) that usually affects 
turkeys as model objects that were applied onto nitrocellu-
lose membrane in a water solution or within spleen smears 
(HEV). It was shown that viruses could be stored in dried 
form on paper for 5–30 days at room temperature or 37 °C, 
so this method permits the storage of viral samples and ship-
ping them from the field to a laboratory. Viral RNA was 
found to remain stable in dried samples for different avian 
viruses such as Newcastle disease virus (Perozo et al. 2006; 
Narayanan et al. 2010), infectious bronchitis virus (Mos-
coso et al. 2005; Manswr et al. 2018), infectious bursal dis-
ease virus (Moscoso et al. 2006; Maw et al. 2006), avian 
influenza virus (Abdelwhab et al. 2011; Keeler et al. 2012; 
Jóźwiak et al. 2016) and avian metapnevmovirus (aMPV) 
(Awad et al. 2014). It was possible to perform molecular 
characterization of both subtypes A and B aMPV, with the 
use of inoculated FTA cards stored for up to 60 days at 4 °C 
to 6 °C (Awad et al. 2014). Among livestock RNA viruses 
investigated included rabies virus (Wacharapluesadee et al. 
2003; Picard-Meyer et al. 2007; Sakai et al. 2015; Rasolon-
jatovo et al. 2020), foot-and-mouth disease virus (FMDV) 
(Muthukrishnan et al. 2008; Biswal et al. 2016; Madhan-
mohan et al. 2016), Peste des petits ruminants virus (PPRV) 
(Michaud et al. 2007; Bhuiyan et al. 2014), porcine repro-
ductive and respiratory syndrome virus (Linhares et al. 
2012), Ross river virus (RRV) (Hall-Mendelin et al. 2010), 
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swine influenza virus (Maldonado et al. 2009), bovine viral 
diarrhea virus (Vilček et al. 2001; Liang et al. 2014), bovine 
respiratory syncytial virus and bovine coronavirus (Liang 
et al. 2014). Thus, rabies virus was confirmed to be stable 
within dried brain tissue stored on filter paper up to 2 years 
at room temperature (Wacharapluesadee et al. 2003; Raso-
lonjatovo et al. 2020). However, Sakai et al. (2015) reported 
degradation of viral RNAs, which occurred after storage of 
dried brain tissue on FTA card at 4 °C and room tempera-
ture, whereas viral RNA was stable over 3 months on the 
cards stored at − 80 °C or − 20 °C. It seems that nucleic 
acid preservation cards impregnated with special lysing 
and denaturating substances (FTA cards) were not the best 
choice for long-term storage of rabies virus. Bhuiyan et al. 
(2014) revealed PPRV virus successful storage on filter 
paper at -70 °C for 16 months and at RT for 7 days to per-
form molecular detection and genotyping. Hall-Mendelin 
et al. (2010) reported that both honey-soaked FTA cards 
and untreated filter paper cards were able to bind RRV RNA 
from mosquito saliva and preserve it at 23 °C for at least 
28 days. Natarajan et al. (2000) demonstrated the useful-
ness of FTA cards for the preservation of mammalian and 
plant specimens for subsequent RNA analysis. Summarising 
literature data of the reported effectiveness of FTA cards for 
storage and shipment of viral RNA, Cardona-Ospina et al. 
(2019) concluded that the cards could be a suitable option 
for these purposes in areas where proper conditions for RNA 
preservation are difficult to achieve. Different DNA viruses 
usually demonstrated good storage stability in dried sam-
ples, for example, avian Marek’s disease virus (Cortes et al. 
2009), duck hepatitis B virus (Wang et al. 2002) and fowl 
adenovirus I (Moscoso et al. 2007), bovine herpesvirus-1 
(Sarangi et al. 2018) and bovine leucosis virus (Saushkin 
et al. 2019; El Daous et al. 2020), African swine fever virus 
(Michaud et al. 2007; Uttenthal et al. 2013; Randriampa-
rany et al. 2014). Common filter papers are cheap and could 
be as good as more expensive commercial FTA cards for 
virus storage, like it was shown for African swine fever virus 
(Uttenthal et al. 2013; Randriamparany et al. 2014), infec-
tious bursal disease virus (Moscoso et al. 2006; Maw et al. 
2006) and Marek’s disease virus (Cortes et al. 2009; Wan-
naratana et al. 2021). In another investigation, FTA cards 
and Whatmann 3MM filter paper (cheaper option) showed 
similar results for DBS long-term storage (up to 9 months) 
at ambient and tropical temperature (22, 32 and 37 oC) to 
detect RNA and DNA containing viruses (Michaud et al. 
2007).

DNA of other causative agents such as Mycoplasma 
(Moscoso et al. 2004), B. gibsoni, a protozoan parasite (Tani 
et al. 2008), Trypanosoma, uncelluler parasitic flagellate 
protozoa (Geysen et al. 2003) and S. agalactiae, a common 
veterinary pathogen (Wu et al. 2008) were also investigated 
in terms of DNA storage stability on filter paper. FTA cards 

was shown to be an excellent tool for long-term DNA stor-
age and archiving (up to 44 months) for avian (Smith and 
Burgoyne 2004) and porcine DBS (Fowler et al. 2012). 
Fowler et al. (2012) showed that DNA extracted from FTA 
cards was of good quality to amplify the whole genome and 
to perform the meaningful single nucleotide polymorphism 
chip studies even after three years of blood spotting. Ven-
katesh and Gopal (2018) showed that dried milk could be 
stored for up to a month at room temperature for the further 
detection of A1/A2 variants of b-casein using PCR.

Some other high and low molecular weight substances 
recovery was checked during storage studies of dried sam-
ples (Table 2). PAGs were stable for 14 days at 4 °C in dried 
blood, whereas storage at room temperature caused 22–34% 
reduction (Sun et al. 2013). Lysosomal enzymes activity did 
not change much after DBS storage at 4 °C for 6 months; 
however, 1 year storage at ambient room temperature (20 °C) 
caused about 20% reduction of activity for all investigated 
enzymes, except β-glucuronidase (Sewell et al. 2012). Anti-
biotic enrofloxacin and its metabolite ciprofloxacin were sta-
ble in dried blood samples for 4 weeks at -20 °C, + 4 °C or 
room temperature (Posyniak et al. 2002). Mohamed et al. 
(2012) demonstrated immunosuppressant cyclosporine A 
stability in dried blood spots, stored for 9 days, placed at 
room temperature in the dark and dry environment. A ster-
oid hormone progesterone in dried whole blood showed a 
good stability after storing for a few weeks at + 4 °C and 
-20 °C. However, 30% drop of recovered concentration was 
observed in 3 months (Chadio et al. 2002). At the same time 
progesterone recovery from dried milk was stable while 
samples were kept at + 4 °C (1 month), room temperature 
(1 month), + 37 °C (1 week) or + 60 °C (24 h) (Samsonova 
et al. 2017). For fatty acid analysis, animal DBS samples 
should be stored at -80 °C to maintain stability, which limit 
their usefulness for field sample collection and shipment 
(Wood et al. 2022). As it was shown previously in numerous 
publications on human DBS, to maintain fatty acids stor-
age stability at higher temperatures, and to provide dried 
samples delivery to a laboratory at ambient temperatures, 
the sampling cards should be impregnated with stabilising 
agents in order to prevent oxidative destruction of polyun-
saturated fatty acids (Liu et al. 2014). It was shown that 
chemical elements (Hg, As, Se and Pb) recovery from dried 
blood samples did not differ much over 1–2 year storage 
(Lehner et al. 2013; Perkins and Basu 2018). Moeller and 
Yang (2021) showed that the majority of 50 investigated 
substances (anabolic steroids, β2-adrenoceptor agonists, 
corticosteroids, hypoxia inducible factor-1 stabilizers, per-
oxisome proliferator-activated receptor δ agonists, selective 
androgen receptor modulators, and aromatase inhibitors), 
which can be used as doping agents for horses, were quite 
stable after almost 3 months of DBS storage at ambient 
temperature.
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Dried filter paper samples shipping, as well as wildlife 
sample collection in the field, can face sampling conditions, 
temperature, humidity and other changes, and that can poten-
tially effect the sample preservation and quality. Madhanmo-
han et al. (2016) investigated FTA cards impregnated with 
FMDV RNA (tongue and foot epithelium samples), collected 
and posted for long route between cities under ambient con-
ditions during post-monsoon and summer seasons in India. 
Irrespective of adverse atmospheric temperature (21–45 °C) 
and relative humidity (20–100%), FMDV genome or sero-
type could be identified in all samples (22–56 days post-
collection). Tissues sampling onto cards can arise issues 
of oversampling; it can also lead to the necessity of robust 
protocols for humidity control and tissue sample applica-
tion in the field (Borisenko et al. 2008). In this matter, the 
authors did not recommend liver as the tissue source for 
FTA sampling to recover DNA barcodes. Love Stowell et al. 
(2018) stressed that biological samples preservation from 
rare and elusive wildlife species for genomic studies poses 
many challenges. To prevent contamination and DNA deg-
radation in unfavourable sampling conditions, there should 
be an ability to dry filter paper samples quickly and com-
pletely. The authors discovered quick molding of Nobuto 
filter paper stripes, even when stored with desiccants, and 
had concerns that the high yield of total DNA from these 
stripes was the result of the contamination. On the base of 
massive collection of DBS samples from wildlife for use in 
serologic testing, Curry et al. (2014b) evaluated dried sam-
ples performance under simulating of potential challenges. 
The challenges comprised different storage durations and 
different processing/storage regimes, including freezing or 
drying. Thus Curry et al. (2014b) summarized key recom-
mendations for collection, processing, storage, and shipping 
of Nobuto filter strips. The authors recommend dry storage 
at room temperature or at 4 °C up to 2 years, and for longer 
periods – storage in freezed condition was recommend. Per-
kins and Basu (2018) investigated laboratory prepared DBS 
across a range of temperature, humidity, storage duration 
changes and showed that mercury concentrations for whole 
blood and DBS were significantly correlated.

The published results on animal DMS shipping and stor-
age revealed that in most cases dried samples with target 
analytes, including RNA viral agents, could be transported 
to a laboratory at ambient conditions or even elevated tem-
perature (37 °C) without lack of stability for 7 days at least, 
and quite often can be stored for much longer. However, as 
it was pointed out by some authors, humidity is probably the 
most critical issue for dried samples storage. At the same 
time, in spite of humidity and temperature changes under 
samples shipping and storage, successful stability cases were 
described, and, at the end of the day, the resistance to sur-
rounding conditions depends of the target analyte’s nature. 
Anyway, the dry storage is essential to prevent molding 

and potential membrane/sample contamination. And in this 
regard, alternative, not natural materials, such as polymer or 
fiber glass carriers that can survive possible biodegradation, 
should be taken into consideration.

DBS samples in veterinary medicine 
and animal biology: diagnostics, monitoring, 
surveillance, genetic investigations

The main applications of DBS technology in veterinary 
and biology are disease diagnostics, sero-surveillance and 
genetic investigations. DMS specimens, collected of differ-
ent animal species, provide rapid sample throughput suitable 
for large-scale epidemiological investigations, which are 
supported by serological screening methods and PCR. The 
use of DBS technology is promising for infectious diseases 
diagnosis, genotyping and sero-surveillance in livestock and 
poultry and for the post-vaccination control for serum anti-
bodies. Livestock and poultry air-dried biosamples on filter 
paper were used for monitoring and diagnosis of foot-and-
mouth disease, enzootic leucosis, bluetongue disease, trypa-
nosomosis, brucellosis in cattle, toxoplasmosis and Peste des 
petits ruminants virus disease in small cattle, Aujeszky dis-
ease, porcine reproductive and respiratory syndrome, Afri-
can swine fever in pigs, avian influenza, Newcastle disease, 
infectious bronchitis, infectious bursal disease in chickens, 
and for many others (Table 1). Diagnostic work was in close 
connection with causative virus geno/serotyping and phylo-
genetic analysis either (Michaud et al. 2007; Madhanmohan 
et al. 2013; Jóźwiak et al. 2016; Ball et al. 2016; Gohar-
riz et al. 2017; Manswr et al. 2018). In veterinary studies, 
much attention was paid to epidemiological surveys of the 
vector-transmitted animal trypanosomosis prevalence, based 
on DBS samples (Table 1). Trypanosomosis is an acute con-
cern in African countries that requires reliable surveys of 
the disease distribution along with causative Trypanosoma 
species identification (Adams et al. 2006; Brito et al. 2008). 
DBS can be more effective than liquid samples for Trypano-
soma identification among infected and uninfected animals, 
with use of the serological method (Hopkins et al. 1998). 
The authors noted that obtaining serum in the field for the 
native (liquid) sample standard analysis requires much more 
effort, since it is necessary to take a significant amount of 
blood from the caudal or jugular vein. Holland et al. (2002) 
demonstrated a lower cut-off value, a higher specificity and 
sensitivity while using eluted blood spots in an antibody 
ELISA detection for tsetse transmitted trypanosomosis. In 
general, the use of DBS approach in tropical regions, hard-
to-access and remote areas is of great practical interest. Epi-
demiological surveys of the prevalence of tsetse-transmitted 
bovine trypanosomosis requires reliable surveys of the dis-
ease distribution (Smit et al. 2014). Many wild species can 
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serve as Trypanosoma reservoir, so susceptible livestock is 
at risk to be infected by transmition via vector insects (tsetse 
flies, triatomines and others), while being close to areas 
inhabited with wildlife species. Therefore, collection and 
analysis of DBS samples from wild and domestic animals 
allows assessing the disease prevalence and distribution area 
(Ventura et al. 2002; Herrera et al. 2005). In this connec-
tion, Trypanosoma vector insects are the source of parasite 
genetic material and the investigation specimen in the form 
of dried midgut (Boid et al. 1999; Adams et al. 2006; Gill-
ingwater et al. 2010) or dry fecal spots (Russomando et al. 
1996; Machado et al. 2000; Dorn et al. 2001; Brito et al. 
2008; Braz et al. 2008).

Dried samples were also used to purposes not associated 
with livestock infectious diseases, such as pregnancy diag-
nosing in pigs (Lin et al. 1988; Chadio et al. 2002) and cows’ 
progesterone profile (Samsonova et al. 2014, 2017), anti-
biotic detection in chicks (Posyniak et al. 2002) and avian 
sexing (Suriyaphol et al. 2014). Dried milk spots were used 
to detect mastitis pathogens (Wu et al. 2008; Durel et al. 
2015). Venkatesh and Gopal (2018) used dairy cows’ dried 
milk and whole blood spots for casein genotyping (A1/A2 
variants of β-casein). Evaluation of the nutritional status of 
ranging dairy cows (zebu) was based on the amino acids 
and acyl carnitines detection in dried serum spots (Worku 
et al. 2021). Sander et al. (2018) detected acylcarnitines 
accumulation in dried serum spots as a result of inhibited 
ß-oxidation of fatty acids, that was atypical myopathy indi-
cation in horses, caused by some maple trees seeds or seed-
lings ingestion.

According to the published works among all infectious 
diseases in pets, the main attention was paid to the detection 
of rabies and canine visceral leishmaniasis in dogs’ dried 
brain and blood spots, toxoplasmosis in cats’ DBS (Table 1). 
In Brasil canine visceral leishmaniasis represents a serious 
public health problem due to its wide distribution and sever-
ity of its clinical forms. Extensive epidemiological surveys 
of the disease supported with native and dried sample collec-
tion and analysis were performed (Braga et al. 1998; Cabrera 
et al. 1999; da Silva et al. 2000; Cortes et al. 2004; Palatnik-
de-Sousa et al. 2004; Nunes et al. 2007; Figueiredo et al. 
2010a, b). Domestic dogs usually live close to humans and 
livestock, so they can participate in zoonoses transmission. 
Epidemiologic studies help to assess the exposure to par-
ticular vector-borne pathogens in rural dogs and associated 
ticks, determine their prevalence, characterize the pathogens 
with the help of molecular methods and evaluate the risk 
that these pathogens pose to humans and wildlife (Proboste 
et al. 2015). DBS samples of dogs and cats were also used 
for enzymatic diagnosis of lysosomal storage disease (Sewell 
et al. 2012) and for cyclosporine A detection to control of 
immune-mediated and allergic disorders (Mohamed et al. 
2012).

DBS technology is a very valuable approach to moni-
toring of wildlife animals diseases. Epidemiological stud-
ies usually include the detection of the pathogens presence 
and the pathogens prevalence determination in animals and/
or associated vectors. The sero-surveillance results help to 
assess the actual infection prevalence in a particular ani-
mal population and to predict future epizootics in wildlife 
and exposure risk for humans, if appropriate. Many wild-
life infectious diseases are poorly controlled. Due to the 
complexity of mass sampling in one day, the probes can be 
collected and accumulated for a long period. In this mat-
ter, hunter- or trapper-harvested animals have been a useful 
resource for sample collections in wildlife health studies 
(Yu et al. 2007; Sintasath et al. 2009a, b; Curry et al. 2011; 
Aston et al. 2014). During this time, the point of samples 
storage or transportation can arise especially in harsh envi-
ronment conditions including high humidity, low or very 
high temperature. Liquid samples need to be frozen, which 
is a complicated task under field conditions, moreover the 
transportation of a single sample is unjustified. DBS tech-
nology allows solving the problem because the dried sam-
ples can be stored throughout the expedition under ambient 
conditions.

Published works comprise a vast range of diseases moni-
tored in wildlife, including trypanosomosis, plague, brucel-
losis, toxoplasmosis and many others (Table 1). Brucellosis 
is difficult to control, for instance, in Arctic caribou and rein-
deer population in Canada due to the harsh climate and the 
huge habitat (Curry et al. 2011, 2014b). The DBS approach 
was used for reindeer brucellosis monitoring: DBS samples 
were taken onto Nobuto strips from deer killed during the 
shooting under extreme conditions at temperatures up to 
–40 °C and then analysed by ELISA (Curry et al. 2011). 
Livestock are susceptible to this disease either, and the main 
cause of infection is transmission from wildlife. In addition, 
human infection danger is not excluded due to insufficient 
heat treatment of food. Wildlife animals can be resistant to 
clinical disease, for instance, coyotes are resistant to bacte-
rium Y. pestis, causative agent of plaque (Abbott et al. 2014), 
but develop anti–pathogen antibodies, by that means pro-
viding a way to monitor the particular disease activity in a 
region. Carnivores are employed in sero-surveys as sentinel 
animals due to multiple contact with various rodent spe-
cies, which resulted in infection with Y. pestis via their fleas 
(Chandler et al. 2018). Similarly, wild boar was used as sen-
tinel species during large-scale bovine tuberculosis surveys 
(Santos et al. 2018). Wild animals can also be a host of the 
severe human infections causative agents. Thus, occurrence 
of Puumala virus in wild bank voles which causes febrile 
illnesses in humans as well as hantavirus antibodies preva-
lence assessment and the virus genetic variability studying 
was done with the help of Nobuto strips whole blood sam-
ples (Ahlm et al. 1997; Alexeyev et al. 1998; Olsson et al. 
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2003; Johansson et al. 2008). West Nile virus, (WNV, one 
of arboviruses spread by an arthropod) has become endemic 
in North America since 1999 and it is maintained through 
enzootic transmission between birds and mosquitoes. 
Humans and other mammals also can be infected after the 
bite of an infected mosquito. Monitoring pattern with dead 
bird clusters (dried oral swab samples) (Foss et al. 2016) and 
serological surveys of WNV-specific antibody prevalence 
in wild birds (DBS), are the two main ways for tracking 
WNV activity (Sullivan et al. 2006; Nemeth et al. 2017, 
2021). Mosquitos are the vector insects, which can expec-
torate viruses in their saliva during sugar feeding. Mosquito 
saliva dried sample collection on honey-soaked FTA cards is 
used for arboviruses and other viruses surveillance programs 
that provide information of viral prevalence and distribution 
(Hall-Mendelin et al. 2010; Ritchie et al. 2013; van den Hurk 
et al. 2014; Flies et al. 2015; Johnson et al. 2015; Burkett-
Cadena et al. 2016; Kurucz et al. 2014; 2019; Wipf et al. 
2019; Birnberg et al. 2020). Burkett-Cadena et al. (2016) 
showed that this approach has a potential to replace sentinel 
chickens for arbovirus surveillance programmes. Kurucz 
et al. (2014) also noted that this new system is capable of 
detecting of virus circulating in very low levels when no sen-
tinel chickens seroconverted. Molecular detection of other 
vectors pathogens were also described for dried samples of 
ticks (Higgins et al. 2000). The identification of the vector 
insects blood meal dried on filter paper has been used in epi-
demiological studies of host feeding behaviour and infection 
status of vector population (Boid et al. 1999; Fall et al. 2012; 
Reeves et al. 2016; Niare et al. 2017).

DBS technology also provides valuable information for 
ecological surveys. A large-scale survey project DABSE 
based on collection and analysis of DBS was launched to 
monitor the impact of the most dangerous toxicants on 
wild bird species (Shlosberg et al. 2011). A common sam-
pling technique for all types of birds makes it possible to 
assess their exposure to pollutants degree by the content 
of toxicants in the blood, regardless of their size, and with-
out causing serious harm to them. For sampling on a card, 
100–200 μl of blood is enough, and the approach allows 
taking blood even from birds weighing 20 g. Following a 
unified methodology, researchers from all regions of the 
world can replenish the database of samples and collect sta-
tistics based on the results obtained. Under similar research 
the most dangerous factors affecting the biological activity 
and birds health caused by human use of pesticides, insecti-
cides, antibiotics, heavy metals and other xenobiotics can be 
identified (Trudeau et al. 2007; Shlosberg et al. 2011, 2012; 
Lehner et al. 2013, 2018, 2020; Perkins and Basu 2018). 
Marine mammals are also at risk to be exposured to mercury 
(Hansen et al. 2014) and other environmental anthropogenic 
contaminants (Griffin et al. 2021), all these arise concern 
for potential adverse effects on wildlife populations. Thus, 

McHuron et al. (2019) made a risk assessment of mercury 
concentration in hair, blood and DBS of marine wild-caught 
pinnipeds. In the Arctic, landlocked Arctic char was used for 
assessing mercury exposure as the sentinel fish (Barst et al. 
2020). Bottlenose dolphins can be exposured to algal bloom 
toxins during red tides in coastal area, so these mammals are 
used as important sentinels to assess toxins exposure with 
the help of whole blood samples collected in the DBS form 
(Maucher et al. 2007; Twiner et al. 2011).

Dried biological material can be used for genetic studies, 
demonstrating the utility of membrane carrier (cards) for 
specimens collection, shipping, storage and further genetic 
data gathering. An important direction of DBS technol-
ogy application is the causative agent sero-/genotyping and 
phylogenetic analysis (Michaud et al. 2007; Kennedy et al. 
2008; Brito et al. 2008; Sintasath et al. 2009a, b; Madhan-
mohan et al. 2013; Bhuiyan et al. 2014; LeClaire et al. 2015; 
Jóźwiak et al. 2016; Ball et al. 2016; Manswr et al. 2018) as 
well as molecular detection/identification of the pathogen 
(Adams et al. 2006, 2008). Dried samples found application 
in populational genetics studies as a convenient instrument 
of sample collection and investigation (Sacks et al. 2004; 
Silva et al. 2009; Lall et al. 2010; Kraus et al. 2013; Guer-
rini et al. 2014; Kashiwagi et al. 2015; Nunziata et al. 2016). 
Isolation and characterization of DNA microsatellite mark-
ers, their genotyping for population genetic studies was also 
described in other works (Sacks et al. 2004; King et al. 2005; 
Lucentini et al. 2006; Carr and Appleyard 2008; Heim et al. 
2012; Nunziata et al. 2016). Kashiwagi et al. (2015) origi-
nally described an underwater collection of manta ray mucus 
by SCUBA divers for further application on FTA Elute cards 
for population genetic studies. An interesting application of 
the insect DNA extracted from dried samples, is insect iden-
tification for forensic entomology (fast and accurate estima-
tion of time since death) (Harvey 2005). An investigations 
of dog leukocyte antigen extracted from DBS collected from 
dogs and wolves were successfully performed by Kennedy 
et al. (2008). Another example of such application – is an the 
amplification of endo-β-1,4-glucanase gene from termites 
(Bujang et al. 2011) and first complete genomic sequence 
of a rabies virus obtained directly from FTA card (Goharriz 
et al. 2017). Borisenko et al. (2008) using DNA barcoding as 
a tool, performed verification of taxonomic identifications in 
ecological assessment surveys of small mammals (opossum, 
rodents, bats). Dried samples were also used for collecting, 
archiving and storage of mammals’ and insects’ genetic 
material (Smith and Burgoyne 2004; Owens and Szalanski 
2005; Lall et al. 2010; Miller et al. 2013).

DBS samples are also useful for solving animal health 
important issues; for instance, measuring of fatty acids con-
centration as a valuable parameter in determining optimal 
dietary intake of nutrients in pigs (Wood et al. 2021a), health 
assessment of The San Cristóbal Galápagos tortoises (Dass 
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et al. 2021), African savanna elephants (Wood et al. 2021b), 
southern white rhinoceroses (Wood et al. 2021c) or assess-
ment of wild-type diet composition and examination of fatty 
acid status for wild and managed care turtles (Dass et al. 
2020; Koutsos et al. 2021). Wood et al. (2021b) showed that 
fatty acids profile in DBS, whole blood, serum and plasma 
of elephant were comparable. Vitamin D detection in DBS 
helps performing wildlife animals’ health assessment (Hig-
gins et al. 2020; Moittié et al. 2020), as well as captive ani-
mals’ health evaluation (Michaels et al. 2015; Drake et al. 
2017; Jaffe et al. 2019) as possible indication of nutritional 
metabolic bone disease (NMBD) due to possible vitamin D 
deficient diet. However, comparing vitamin D level in chim-
panzees’ DBS and serum, Moittié et al. (2020) concluded 
that these samples are not interchangeable and stressed that 
further studies on DBS evaluation are to be performed. Jaffe 
et al. (2019) also suggested that vitamin D3 detection in 
DBS is not yet a useful diagnostic method for corncrakes, 
due to significant systematic and random bias, although 
DBS and serum\plasma results were highly correlated. Both 
authors noted substantial analytical variability regardless of 
the sample type, and that should be connected with method 
itself (LC–MS/MS) along with sample pretreatment (sample 
elution and purification) rather than with poor applicability 
of DBS technology for vitamin D assay. DBS samples were 
also used to perform stable carbon isotope fingerprinting 
of essential amino acids as measures of Arctic char dietary 
carbon sources (Barst et al. 2020), as well as nitrogen stable 
isotope analyses of amino acids for determining trophic posi-
tions of the fish (Barst et al. 2021). Carbon and nitrogen sta-
ble isotopes measured in DBS can provide valuable informa-
tion for feeding ecology or diet studies (O’Hara et al. 2018). 
Yee et al. (2013) used FTA cards to collect blood for DNA 
fingerprinting in order to identify painted and milky stork 
hybrids in zoo, combining both genetic and morphological 
data (plumage comparison). Dutra et al. (2020) assessed the 
welfare of dogs by measuring the relative telomere length, a 
biomarker of cellular ageing, in oral swabs and DBS. DBS 
can also be a source of DNA to identify sexes of wild birds, 
being especially important for ecology, biology and breed-
ing (Gutiérrez-Corchero et al. 2002; Quintana et al. 2009; 
Asawakarn et al. 2018).

DBS in veterinary and biology world: current 
trends and future developments

In most publications covering the application of DBS tech-
nology, it is noted that the successful control of dangerous 
infections in livestock and wildlife requires an effective and 
inexpensive method for collection, shipping and storage of 
biological samples. In this matter, DBS technology is an 
important alternative to liquid or frozen biofluids, tissues 

and other samples. However, in veterinary practice, the tech-
nology is not that popular, and is barely recognized in some 
countries; there are no domestic developments and approved 
guidelines for the use of dried samples in monitoring pro-
grams. The low demand for the technology in veterinary 
medicine is also associated with cost characteristics of the 
sampling cards available on the market, such as chemically 
treated FTA cards for PCR analysis, and convenience of its 
application to animal species, especially in the field. Mostly, 
the sampling devices are presented in the form of cellulose-
based cards designed for dropwise application of biofluid. 
Typically, additional procedures and tools are required for 
blood sampling, which greatly complicates the process and 
increases the time spent per an individual. This format is 
of little use for whole blood sampling in wild nature, for 
these locations the stripes of absorbing material found wider 
application, such as Nobuto stripes, because of their utility 
for blood saturation from a puncture or a wound (Table 1). 
Generally speaking, for veterinary it would be preferable to 
use the easy-handling and affordable sampling devices that 
allow absorbing material saturation with blood and other 
biofluids without dispensers. Existing cellulose filter papers 
usually facilitate the function of a sample carries with lack 
information on the amount of absorbed biomaterial and 
that complicates extraction procedure development. In this 
regard, alternative non-cellulose materials, such as fiberglass 
membrane, can provide volumetric microsampling of whole 
blood and other biofluids, which simplifies assay develop-
ment (Samsonova et al. 2016, 2017, 2022).

DBS technology has its strengths and weak points, it is 
noted that there is lack of standardization of terminology 
and methodology (Smit et al 2014; Freeman et al. 2018). To 
provide accurate and reliable results for specific task, dried 
biosamples should be carefully evaluated vs liquid samples, 
taking into account analyte types and specimen, types of car-
rier, analyte extraction and assay conditions, samples stor-
age peculiarities. Nevertheless, the review of the published 
works demonstrated that dried samples have been success-
fully used for a large variety of health issues across animal 
species, including birds, reptiles, amphibians, and other ani-
mals with small blood sample volumes. For wider adoption 
of DBS technology into veterinary practice, the convenient 
and affordable sampling devices should be supported with 
standardized procedures and available commercial reagents 
kits (such as ELISA and PCR), intended for the analysis of 
dried biological samples. This assists the routine use of DBS 
technology in veterinary laboratories, and provides an easy 
access for users from remote areas to animal health control.

Application of DBS technology for sampling, storage, transporta-
tion and analysis of biological samples of fauna species, has great 
potential and needs to be propagated not only in the area of agricul-
tural production, but also for wild nature large-scale epidemiological 
investigations and survey programs. The combination of DBS and 
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serological analysis is a major advantage for large surveillance sur-
veys. The control and diagnosis of dangerous diseases in livestock 
and wildlife, investigation of genetic diversity of causative agents and 
wildlife inhabitants, biobanking and ecological surveys are among 
the most important applications of DBS technology in veterinary 
medicine and biological investigations, since this technique meets 
the demands of easy collection and transportation of dozens of bio-
logical samples from herds and wildlife inhabitants to the laboratory. 
Animal specimens on filter paper are an economic, dry, non-hazard-
ous way of biosamples shipping from collection site to the reference 
laboratory, making a good reason for the DBS technique to be widely 
adopted by veterinarians and biologist in their practice. This review is 
the first attempt to summarize the applications of DBS technology in 
veterinary and biology, and we hope that it will help to look deeper 
into the issue of some important technological and methodological 
points in the following publications concerning this area.
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