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ABSTRACT

Dried blood spots (DBS) constitute a stable, cost-efficient sampling matrix that can be collected in a minimally
invasive manner. Although widely adopted in human medicine, their use in veterinary diagnostics remains
limited. This study aimed to establish and validate DBS elution protocols for use in commercial ELISAs to detect
antibodies against Hepatitis E virus (HEV), African swine fever virus (ASFV) and Aujeszky’s disease virus (ADV)
in domestic pigs. DBS were prepared from EDTA blood, dried serum spots (DSS) from serum. Additional DBS
samples were prepared after spiking blood from healthy pigs with antibodies. Various parameters were evaluated
to establish the final elution protocols, i.e. number of disks, type and volume of elution buffer, incubation time of
the disks in elution buffer, and volume of eluate used for detection. Once the final protocols were in place, for
each pathogen 52 DBS were tested in three independent runs. The diagnostic performance was evaluated by
comparing the ELISA results of DBS eluates with the corresponding serum or plasma samples. For HEV, only one
out of 52 DBS samples qualitatively did not match the plasma result in any of the three runs. For ASFV, all 52 DBS
samples matched the qualitative results of the corresponding liquid samples. For ADV, two samples yielded false
negative results in all three runs. The results suggest that DBS represent a practical and reliable alternative to
liquid blood samples for antibody detection in pigs. Further validation with field samples and large-scale testing

is needed.

1. Introduction

Dried blood spots (DBS) have been used as sample material since the
early 20th century and are widely recognized in human medicine
(Guthrie and Susi, 1963; Griiner et al., 2015). Initially used for neonatal
screening of metabolic disorders, their application has since expanded to
a broad range of fields, including infectious and metabolic disease di-
agnostics, therapeutic drug monitoring, toxicology, anti-doping control
and epidemiological studies (Lim, 2018; Luginbiihl and Gaugler, 2020;
Samsonova et al., 2022). The range of analyses in which DBS have been
successfully employed include PCR, Western blotting, hemagglutination
assay, ELISA, and other types of immunoassays (Demirev, 2013; Gaugler
et al., 2021; Virtudazo et al., 2024). DBS offer several advantages over
liquid blood samples: (1) Sampling is minimally invasive, only requiring
a short puncture of a superficial vein with a lancet. (2) A sample volume
of just 10 — 30 pL is sufficient to prepare one spot. (3) DBS are classified
as non-infectious, enabling their transport and handling under less
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stringent biosafety conditions (World Health Organization, 2024). (4)
The high stability of DBS eliminates the need for a cold chain. (5) The
compact format of the DBS cards allows for space-saving storage. (6)
DBS samples can be prepared directly on site, even by non-specialist
personnel (McDade et al., 2007; Santos et al., 2018; Samsonova et al.,
2022). These features make DBS a promising tool also for veterinary
medicine, yet they are not as commonly used as in human medicine
(Saushkin et al., 2016; Wood et al., 2021; Lechmann et al., 2022; Sam-
sonova et al., 2022).

Several studies have shown that blood collection in pigs is associated
with a high level of stress, in some cases even with mortality, particu-
larly when performed via the cranial vena cava or the jugular vein, as it
usually requires restraint of the animal (Stephens and Rader, 1983;
Fiderer et al., 2024; Papatsiros et al., 2024). The use of a maxillary sling
is a common tool for restraining domestic pigs. It often results in strong
vocalizations, resistance, and visible distress in the animal (Fiderer
et al., 2024). Blood collection from the vena cava under restraint with a
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Table 1

Overview of materials used in the present study. ADV = Aujeszky’s disease virus;
ANSES = Agence nationale de sécurité sanitaire de 1’alimentation, de I’envir-
onnement et du travail, ASFV = African swine fever virus; DBS = dried blood
spot; DSS = dried serum spot; HEV = Hepatitis E virus.

Virus ~ Sample Origin Number  Serostatus  Use
Material
HEV EDTA Slaughterhouse 33 Positive Unspiked
blood Zurich DBS
EDTA Slaughterhouse 24 Negative Unspiked
blood Zurich DBS
Serum Institute of Virology, 15 Positive DSS
University of Zurich
Serum Institute of Virology, 7 Negative DSS
University of Zurich
Serum Institute of Virology, 2 Doubtful DSS
University of Zurich
ASFV  EDTA Slaughterhouse 42 Negative Unspiked
blood Zurich DBS
EDTA ANSES, Ploufragan, 5 Positive Unspiked
blood France DBS
Serum Institute of Virology 10 Positive Spiked
& Immunology, DBS
Mittelhausern
ADV EDTA Slaughterhouse 32 Negative Unspiked
blood Zurich DBS
Serum ANSES, Ploufragan, 25 Positive Spiked
France DBS
Table 2

Overview of the different conditions used for manual DBS and DSS elution for
HEV, ASFV, and ADV.

Virus  Numberof  Elution Volume of Volume of Incubation

disks buffer elution eluate per time
buffer (uL) well (uL)

HEV 5 DSS Buffer B 500 50 18h
5 DSS Buffer B 500 100 18h
5 DSS Buffer B 500 50 1h
2 DBS Buffer A 200 50 1h
2 DBS Buffer B 200 50 1h
2 DBS Buffer A 150 50 1h
3 DBS Buffer A 200 50 1h
3 DBS Buffer A 180 50 1h

ASFV 2 DBS Buffer B 200 50 18h
2 DBS Buffer B 200 50 1h
2 DBS Buffer A 200 50 1h

ADV 1 DBS Buffer A 150 50 1h
2 DBS Buffer A 200 50 1h

maxillary sling has been associated with acute increases in stress
markers like cortisol and adrenocorticotropic hormone (ACTH), and
prolonged stress responses compared to less invasive procedures like ear
tagging (Merlot et al., 2011). In contrast, blood sampling from superfi-
cial ear or tail veins were shown to have no impact on plasma glucose,
lactate, cortisol, or ACTH levels, and therefore could prove a viable and
humane method for blood sampling in pigs (Merlot et al., 2011; Sam-
sonova et al., 2022).

The diseases evaluated in the present study include African swine
fever (ASF), Aujeszky's disease (AD), and Hepatitis E. ASF is a highly
contagious and lethal viral disease in domestic pigs and Eurasian wild
boar caused by Asfivirus haemorrhagiae (ICTV, 2025), also referred to as
African swine fever virus (ASFV). It is characterized by hemorrhagic
fever and causes significant economic losses in the pork industry (Alonso
etal., 2018; Liet al., 2022; Velazquez-Salinas, 2025). In Europe the virus
has been spreading since the early 2000s. Although some countries
remain free of ASF, wild boar populations in neighboring affected re-
gions pose a risk for disease introduction (Galli et al., 2022; Savioli et al.,
2022; Vargas-Amado et al., 2022). Early detection of ASF is crucial to
minimizing its impact, making effective surveillance and diagnostics
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essential for rapid response and disease control.

AD is a neurological, respiratory, and reproductive disorder caused
by the herpesvirus Varicellovirus suidalpha 1 (ICTV, 2025), also referred
to as Aujeszky’s disease virus (ADV) (Roizmann et al., 1992; Pomeranz
et al., 2005; Mettenleiter, 2020). Several European countries have suc-
cessfully eradicated AD from domestic pig populations. National sur-
veillance programs are widely implemented to maintain the disease-free
status.

Hepatitis E is an emerging zoonotic disease caused by Paslahepevirus
balayani (ICTV, 2025), also known as Hepatitis E virus (HEV), which can
cause both acute and chronic hepatitis in humans (Syed et al., 2018).
HEV is primarily transmitted through contaminated water or under-
cooked meat from infected animals, with pigs being the main reservoir
(Meng et al., 1997; Hoofnagle et al., 2012; Aslan and Balaban, 2020).
Seroprevalence studies from several European countries demonstrate
that HEV is widespread in domestic pig populations, with reported
antibody prevalence rates ranging from 20 % to over 90 % (Burri et al.,
2014; Salines et al., 2017; Lienhard et al., 2021).

The aim of this study was to establish and validate protocols for DBS
elution to be used in commercial ELISAs for the detection of antibodies
against these epizootic and zoonotic disease agents in domestic pigs.
DBS were prepared from untreated as well as antibody-spiked EDTA
blood samples from domestic pigs. Different elution conditions were
evaluated which varied in number of eluted disks, type and volume of
elution buffer, incubation time of the disks in the buffer, and volume of
eluate used for detection. The eluates were tested in commercial ELISA
formats according to the manufacturers’ instructions. The performance
of ELISA testing using DBS eluates was evaluated by comparing the re-
sults to those obtained from plasma or serum samples.

2. Materials and methods
2.1. Ethics statement

Ethical approval was not sought as the present study relied solely on
stored samples originally collected for diagnostic purposes, or on freshly
obtained samples collected by official veterinarians at the Zurich
slaughterhouse during routine slaughter procedures.

2.2. Sample collection

For HEV, EDTA whole blood samples (EDTA K3E, 10 mL,Sarstedt AG,
Niimbrecht, Germany) were collected from clinically healthy pigs dur-
ing exsanguination at the Slaughterhouse Zurich. They were used to
prepare unspiked DBS. Stored porcine serum samples (Institute of
Virology Zurich) (Table 1) were used to prepare unspiked dried serum
spots (DSS). For ASFV and ADV, seronegative EDTA whole blood sam-
ples from the Slaughterhouse Zurich were used directly for preparation
of unspiked DBS, while after centrifugation the corresponding blood cell
fractions were used for preparation of spiked DBS. For ASFV, additional
seropositive EDTA whole blood samples obtained from the Agence
nationale de sécurité sanitaire de 1’alimentation, de I’environnement et
du travail (ANSES, Ploufragan-Plouzané-Niort, France) were used for
preparation of unspiked DBS, and seropositive serum samples from the
Institute of Virology and Immunology (IVI, Mittelhausern, Switzerland)
for spiked DBS. For ADV, seropositive serum samples from the Institute
of Virology and Immunology (IVI, Mittelhdusern, Switzerland) were
used for spiked DBS (Table 1).

2.2.1. Preparation of DBS/DSS

For preparation of DBS/DSS, 20 uL of EDTA blood or serum were
pipetted onto each of the four marked circles on a TEN filter paper card
(AutoCollec format (85 x 53 mm), STERA Scientific AG, Switzerland).
From each EDTA blood and serum sample, several DBS and DSS cards
were prepared. The spotted cards were placed in racks to dry for at least
four hours. Once dried, the DBS and DSS cards were stored in plastic
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Fig. 1. HEV ELISA results of 24 serum (red dots) and DSS samples. DSS eluates were tested using two different volumes of eluate per ELISA well (A): 100 pL (dark
blue dots) and 50 pL (light blue dots). For both conditions, five disks were eluted in 500 pL of Buffer B and incubated for one hour. DSS eluates were further tested
using two different incubation times (B): 1 h (dark blue dots) and 18 h (light blue dots). Both conditions used five disks and 500 pL of Buffer B and 50 pL DBS eluate
per ELISA well. The positive cutoff is indicated by a dashed black line, the negative cutoff by a dotted purple line. Samples with S/P% values between 60 % and 70 %

are considered doubtful.

bags (Zipper-top poly bag, size 3 in. x 5 in., Minigrip, Thailand) con-
taining a desiccant (R5 Pro, Indicating Silica Gel, RS Components SAS,
Beauvais Cedex, France) and kept at —20°C until further use.

Following DBS preparation, the remaining EDTA blood was centri-
fuged at 868 x g for 10 min (Heraeus Megafuge 40 R, Thermo Fisher
Scientific). The plasma was decanted into 3 mL tubes, stored short-term
(approximately two weeks) at 6°C until the ELISA was completed, and
subsequently frozen at —20°C.

2.2.2. Preparation of antibody-spiked DBS samples

For pathogens for which no (ADV) or only few seropositive field
samples (ASFV) were available, antibody-spiked DBS were prepared. For
this purpose, EDTA blood samples collected from healthy pigs at the
slaughterhouse were utilized (Table 1.). Switzerland is considered offi-
cially free of both pathogens, suggesting that the likelihood of the
slaughterhouse samples being seronegative was very high. After plasma

separation by centrifugation, the cellular fraction of the blood was
spiked with antibody-positive sera (Table 1.). The sera used originated
from pigs that were naturally infected, vaccinated, or experimentally
infected with the respective pathogens. To approximate a pig’s physio-
logical hematocrit of about 40 %, one part of blood cells was mixed with
1.5 parts of serum. DBS were then prepared as described above.

2.3. DBS and DSS elution

DBS and DSS were punched out on a cutting mat using a 6 mm
diameter puncher (UniCore Punch Kit, 6.0 mm, Qiagen, Hilden, Ger-
many). Based on measurements from approximately 100 DBS and DSS
samples, the mean spot diameters were 7.7 mm and 10.5 mm, corre-
sponding to approximately 12 uL whole blood and 6.5 pL plasma per
punched @6 mm disk, respectively. The puncher was positioned verti-
cally in the center of the blood spot, pressed down, and rotated around
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Fig. 2. HEV ELISA results of ten serum (red dots) and DBS samples. DBS eluates were tested using two different elution buffers (A): Buffer A (dark blue dots) and
Buffer B (light blue dots). For both conditions two disks and 200 pL of elution buffer were incubated for one hour and 50 pL DBS eluate used per ELISA well. DBS
eluates were further tested using four different conditions (B) (Table 2): Two disks eluted in 200 pL (dark blue dots), two disks eluted in 150 pL (light blue dots), three
disks eluted in 200 pL (green dots), and three disks eluted in 180 uL buffer (orange dots). All conditions used Buffer A, a one-hour incubation and used 50 uL DBS
eluate per ELISA well. The positive cutoff is indicated by a dashed black line, and the negative cutoff by a dotted purple line. Samples with S/P% values between 60 %

and 70 % are considered doubtful.

its length-axis in both directions with small movements. The disks were
then transferred into 1.5 mL safe-lock tubes. To prevent carryover, the
puncher and cutting mat were wiped with PBS after processing each
card. After adding elution buffer to the disks, the tubes were incubated
on a thermoshaker (Eppendorf ThermoMixer C, Eppendorf, Switzerland)
at 21°C and 800 rpm.

Two proprietary buffers, A and B (STERA Scientific AG, Basel,
Switzerland), were used for elution. For each pathogen different elution
conditions were tested (Table 2). The conditions varied in number of
eluted disks, type and volume of elution buffer, incubation time of the
disks in the buffer, and volume of eluate added to the wells of the ELISA
plate.

2.3.1. Hepatitis E virus
HEV was the first pathogen used to establish a preliminary elution
protocol, with both DBS and DSS tested. In the initial approach, DSS

elution for HEV ELISA (ID Screen Hepatitis E Indirect Multi-species,
Innovative Diagnostics, Grabels, France) was evaluated using five
disks in 500 pL Buffer B (as an approximation to the 1:20 serum dilution
used in the ELISA), two different incubation times (1 h and 18 h) and
volumes of eluate used in the ELISA (50 uL, 100 uL) (Table 2). As the
different conditions showed no substantial differences, the most prac-
tical ones, i.e. one hour incubation and 50 uL eluate per well, were
selected for further trials using DBS. These were tested with elution
Buffers A and B, each using 200 pL buffer with two disks. Subsequent
experiments were performed with Buffer A using different disk numbers
and buffer volumes (Table 2).

2.3.2. African Swine Fever virus

For ASFV, different conditions (Table 2) were tested using the ID
Screen African Swine Fever Indirect ELISA (Innovative Diagnostics,
Grabels, France). Incubation times of 18 h and one hour were evaluated,
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Fig. 3. HEV ELISA results of 52 plasma and DBS samples. Plasma samples (red dots) were tested in single approach within a single run. DBS were tested in three
independent runs (boxes) after elution of two disks in 150 pL Buffer A, a one-hour incubation, and 50 pL of DBS eluate added per ELISA well. Each horizontal line of
the box represents one ELISA run. The positive cutoff is indicated by a dashed black line, and the negative cutoff by a dotted purple line. Samples with S/P% values

between 60 % and 70 % are considered doubtful.

using two disks and 200 L of Buffer B. Elution was further evaluated
with Buffers A and B, each using 200 uL buffer with two disks, one hour
incubation and 50 pL eluate for the ELISA (Table 2).

2.3.3. Aujeszky’s disease virus
For ADV, two conditions were evaluated using the IDEXX PRV/ADV
gB Ab Test ELISA (IDEXX Laboratories, Inc., Westbrook, USA) (Table 2).

2.4. Antibody ELISA

DBS and DSS eluates, serum and plasma samples were tested in
commercial antibody ELISAs. For serum and plasma samples, the assays
were carried out according to the manufacturer's instructions. For DBS
and DSS, the assay was started by dispensing eluate into the wells of the
ELISA plate, which was followed by the first incubation step as per
manufacturer’s instructions.

For ADV and ASFV, serum, plasma, DBS, and DSS samples were al-
ways tested in duplicate. For the HEV ELISA, which is a bi-well test,
serum, plasma, DBS, and DSS samples were tested in single approach.
Using the final DBS protocol, only DBS samples were tested in three
independent runs for each pathogen: each run in duplicate for ADV and
ASFV, and in single-well approach for HEV.

The optical density (OD) of the samples was measured using an
ELISA reader (Infinite F50, Tecan Group Ltd., Mannedorf, Switzerland).
The OD values of the samples were used in calculations provided by the
manufacturer, where sample ODs were divided by either the negative or
the positive control OD. This yielded S/N values for ADV and S/P%
values for ASFV and HEV, which were then interpreted based on the
respective cutoff values.

3. Results
3.1. Hepatitis E virus (HEV)

3.1.1. Volume of eluate per well

Twenty-four DSS samples were tested in the ID Screen Hepatitis E
Indirect Multi-species ELISA (Innovative Diagnostics) using two
different volumes of eluate per well (100 pL vs. 50 pL). For both con-
ditions, five disks were eluted with 500 pL of Buffer B and incubated for

one hour. All but one sample (S10-24) yielded the same qualitative
result across both volumes (Fig. 1). Thirteen DSS results qualitatively
matched the corresponding serum using 100 pL, and 14 using 50 pL
eluate per well. Since the results did not differ significantly from one
another, the 50 pL condition requiring less buffer and fewer sample disks
was chosen for subsequent experiments.

3.1.2. Incubation time

Next, two incubation times -1 h and 18 h - were compared using five
disks with 500 uL of Buffer B and 50 uL of DSS eluate per ELISA well. Of
the 24 DSS samples, 16 qualitatively matched the corresponding serum
after 18-hour incubation, and 14 with one-hour incubation (Fig. 1). In
over 70 % of the samples, the difference between the two incubation
conditions was less than 10 %. Therefore, the one-hour incubation was
selected for further optimization of the assay conditions, given its
shorter processing time.

3.1.3. Elution buffer

DSS were then replaced by DBS because the concordance of the
ELISA results from DSS and serum was unsatisfactory, and ultimately the
spot should be obtained directly from the animal without having to
centrifuge or otherwise treat the blood beforehand. For practical rea-
sons, it was also decided to try the elution with fewer disks and buffer
volumes, while keeping the dilution factor within a similar range. Ten
DBS samples were tested using two disks and 200 pL of Buffers A and B
(STERA Scientific AG). For both buffers, nine out of ten DBS samples
qualitatively matched the corresponding plasma. Five tested negative
and five positive, with one sample (SH 57) testing false negative with
both buffers (Fig. 2). In seven out of ten cases Buffer A yielded lower
deviations to the plasma compared to Buffer B. Therefore, the following
elutions were done using Buffer A.

3.1.4. Number of disks and buffer volume

For further optimization of the DBS elution protocol using Buffer A, a
one-hour incubation, and 50 pL of DBS eluate per ELISA well, ten DBS
samples were tested with four different conditions, in which two or three
disks were eluted with 150 uL, 180 uL or 200 pL of buffer (Table 2).
Except for two samples (SH 56 and SH 57) all samples yielded the same
qualitative results as the corresponding plasma sample (Fig. 2). Sample
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Fig. 4. ASFV ELISA results of 19 serum or plasma (red dots) and DBS samples. DBS eluates were tested using two different incubation times (A): 1 h (dark blue dots)
and 18 h (light blue dots). For both conditions two disks were eluted in 200 uL of Buffer B and 50 uL DBS eluate used per ELISA well (Table 2). DBS eluates were
further tested using two different elution buffers (B): Buffer A (light blue dots) and Buffer B (dark blue dots). For both conditions two disks and 200 pL of elution
buffer were incubated for one-hour and 50 pL DBS eluate used per ELISA well (Table 2). The positive cutoff is indicated by a dashed black line, the negative cutoff by
a dotted purple line. Samples with S/P% values between 30 % and 40 % are considered doubtful.

SH 56, which tested negative in the serum, yielded a doubtful result
using three disks and 180 pL buffer. In contrast, SH 57, which tested
positive in the serum, tested negative using two disks and 200 pL buffer,
and doubtful with two disks and 150 pL as well as three disks and 200 pL
buffer.

3.1.5. Optimized DBS protocol for three separate ELISA runs

Based on the results described above, the DBS elution protocol with
two disks in 150 pL Buffer A, one hour incubation, and 50 pL of DBS
eluate per ELISA well was used for testing 52 DBS samples in three in-
dependent ELISA runs.

Of 52 DBS samples, 47 qualitatively matched the corresponding
plasma in all three runs (Fig. 3). Of the remaining five samples (SH 85,
95, 64, 78, 97), only one (SH 64) did not match the plasma result in any
of the runs. The other four samples matched the plasma result in at least
one run. The average deviation in S/P% values between DBS and plasma

samples across all runs was 7.11 %. The variation between runs,
calculated as the mean deviation across the three measurements, was
3.22 %.

3.2. African Swine Fever virus (ASFV)

3.2.1. Incubation time

Nineteen DBS samples (14 unspiked, 5 spiked) were tested in the ID
Screen African Swine Fever Indirect ELISA (Innovative Diagnostics)
using two disks with 200 pL of Buffer B and 50 uL of DBS eluate per
ELISA well. Two incubation times were compared — 1 h and 18 h. All 19
DBS samples qualitatively matched their corresponding serum or plasma
with both incubation times (Fig. 4). In over 73 % of the samples, the
difference between the two conditions was less than 1.3 %. Therefore,
all subsequent elutions were carried out with a one-hour incubation.



R. Steinhauer et al.

Journal of Virological Methods 341 (2026) 115336

140

110 A 5
100 A

90 - °
80 - =
70 4

S/P%

60
50 A

40 = e
30. ...................................................................................................

20+

=a
101@ °
0ol ® o ® .00000000000

o HHDH

OoosB

-10

SH 52
SH 53 ]
SH 63 1
SH 64 ]
SH 65 |
SH 66 1
SH 67 |
SH 68 ]
SH 69 |
SH 70 1
SH 71 ]
SH 72 ]
SH 76 |
SH 77 ]
VI 6 1
i 7]
VI 8 1
VI 9]
IVI 10
915 3 ]
915 6 1
915 8 |
1874 |
1875 |
SH 78 1
SH 79 ]
SH 80 1
SH 81 ]
SH 82 1
SH 83 ]
SH 84 ]
SH 85
SH 89 1
SH 95 ]
SH 96 1
SH 97 ]
SH 100 |
SH 101 4
SH 102 |
131 1
150 |
165
166
167 1

Samples

Fig. 5. ASFV ELISA results of 52 plasma or serum and DBS samples. Plasma and serum samples (red dots) were tested in duplicate in a single run. DBS were tested in
three independent runs (boxes) after elution of two disks in 200 pL Buffer A for one hour and 50 pL of DBS eluate added per ELISA well. Each horizontal line of the
box represents one ELISA run. The positive cutoff is indicated by a dashed black line, and the negative cutoff by a dotted purple line. Samples with S/P% values

between 30 % and 40 % are considered doubtful.

13
1.2 ° ®
° °
1.1 ° °
1.0 1 ] e
°
0.9
0.8
E 0.7 L N R I T R T TR R R R TR TR IO~
(2]
0.6 e mm
0.5
0.4
0.3 °
0.2
0.1 $
° ° ° b
0.0 . . . . . x ; . . .
3 z 5 8 5 5 p I 7 B
3 3 E 3 3 2 2 2 g E
T T T T T a
(2] (2] (2] (7] [Vp} '
>
a
<<

Samples

Fig. 6. ADV ELISA results of ten plasma or serum (red dots) and DBS samples. DBS eluates were tested using two different conditions: one disk eluted in 150 uL (dark
blue dots) and two disks eluted in 200 uL buffer (light blue dots). Both used Buffer A, a one-hour incubation and 50 uL DBS eluate per ELISA well (Table 2). The
positive cutoff is indicated by a dashed black line, and the negative cutoff by a dotted purple line. Samples with S/N values between 0.6 and 0.7 are consid-

ered doubtful.

3.2.2. Elution buffer

The same 19 DBS samples were tested using two disks and 200 pL of
either Buffer A or Buffer B. For both buffers, all 19 DBS samples quali-
tatively matched the corresponding serum or plasma (Fig. 4). The de-
viation of S/P% values compared to the corresponding serum or plasma
ranged from 1.98 % to 15.68 % for Buffer A and from 0.04 % to 15.01 %
for Buffer B. Buffer A showed lower deviation in positive, Buffer B in
seronegative samples. Given its lower deviation in positive samples,
Buffer A was selected for the evaluation of the optimized DBS protocol in
three separate runs.

3.2.3. Optimized DBS protocol for three separate ELISA runs

52 DBS samples (42 unspiked, 10 spiked) were evaluated in three
independent ELISA runs using the DBS elution protocol with two disks in
200 pL Buffer A, one hour incubation, and 50 pL of DBS eluate per ELISA
well. All 52 DBS samples qualitatively matched the corresponding serum
or plasma: 37 tested negative and 15 positive (Fig. 5). The average de-
viation in S/P% values between DBS and serum or plasma samples
across all runs was 9.15 %. The variation between runs, calculated as the
mean deviation across the three measurements, was 1.62 %.
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3.3. Aujeszky’s disease virus (ADV)

3.3.1. Number of disks and buffer volume

Ten DBS samples were tested in the PRV/ADV gB Ab Test ELISA
(IDEXX) using two different conditions, i.e. one disk eluted in 150 uL
and two disks eluted in 200 L Buffer A. For both conditions samples
were incubated for one hour, and 50 pL of DBS eluate were used for the
ELISA. All DBS samples yielded the same qualitative results as the cor-
responding serum or plasma sample (Fig. 6). The difference between the
two conditions ranged from 0.0021 to 0.1744.

3.3.2. Optimized DBS protocol for three separate ELISA runs

Fifty-two DBS samples (27 unspiked, 25 spiked) were evaluated in
three independent ELISA runs using the DBS elution protocol with one
disk in 150 pL Buffer A, one hour incubation, and 50 uL of DBS eluate
per ELISA well.

Fifty DBS samples qualitatively matched their corresponding serum
or plasma in all three runs, with 29 testing negative and 23 positive
(Fig. 7). Two samples yielded false-negative results in all three runs. The
average deviation in S/N values between DBS and serum or plasma
samples across all runs was 0.1228. The variation between runs,
calculated as the mean deviation across the three measurements, was
0.0262.

4. Discussion

The objective of this study was to establish practical protocols for
manual elution of DBS from domestic pig blood to be used for antibody
testing in commercial ELISAs.

Three pathogens — ASFV, ADV and HEV — were selected for an initial
evaluation of DBS testing in domestic pigs: (1) although HEV has only
limited clinical relevance for pigs, it was an ideal candidate for evalu-
ating the DBS method, as in contrast to ASFV and ADV access to sero-
positive and seronegative field samples in Swiss pigs was warranted,
eliminating the need for spiking (Burri et al., 2014; Lienhard et al.,
2021). (2) Given that in ASFV infected pigs the viral load is highest in
blood, spleen and lymph nodes, DBS offer a safe alternative over liquid
blood or tissue swab samples for collection, transport, and testing

(Penrith et al., 2024). Whereas PCR is the standard method for early
detection of acute ASFV infections, indirect methods such as ELISA are
used to identify past exposure and provide a rapid and high-throughput
option for large-scale screening in areas with endemic infection (Penrith
etal., 2024; Zhang et al., 2025). (3) Since seropositivity in herpesviruses
is associated with actual virus infection, a large proportion of laboratory
diagnostic investigations (abortion investigations, national surveillance
programs) is based on serology (Moynagh, 1997; Miiller et al., 2011)
using antibody ELISA (Miiller et al., 2003).

The number of samples examined in the present study, and the
conditions evaluated varied from pathogen to pathogen and depended
on the sample material available. The use of only 50 pL instead of 100 pL
eluate did not appear to have a significant impact on the outcome of the
HEV ELISA (Fig. 1). Also, based on the HEV and ASFV results, an 18-hour
incubation period did not appear to be significantly superior to a 1-hour
incubation period (Fig. 1 and Fig. 4). For ASFV, a manufacturer-
validated method for testing DBS eluates in the ELISA (Innovative Di-
agnostics) is available, in which two disks are to be eluted in 200 uL
dilution buffer (contained in the ELISA kit) during 16 — 20 h at room
temperature. Also in this protocol, 50 pL of the eluate are used for the
ELISA. Across the various conditions (i.e. number of disks and volume of
buffer) tested for HEV and ADV antibody detection, none proved to
clearly and consistently perform better than the others (Fig. 2 and
Fig. 6). For the final DBS elution protocols, the conditions that were most
resource- and time-efficient were therefore selected. In general, these
resulted in satisfactory accuracy and repeatability in the three ELISA
runs for all three pathogens (Fig. 3, Fig. 5 and Fig. 7). When out of 156
measurements per pathogen doubtful results were rated as positive,
diagnostic sensitivity and specificity for HEV, ASFV and ADV were
96.4 % and 95.8 %, 100 % and 100 %, and 96.2 % and 100 %, respec-
tively. In the ADV ELISA, DBS samples spiked with lyophilized sera
tendentially showed higher deviation from their corresponding serum
values compared to DBS prepared from fresh serum, suggesting that
matrix differences may influence S/N values. Two samples yielded false
negative results in all three ADV runs (Fig. 7). Interestingly, according to
the laboratory from which the samples were obtained, these were the
only two samples that had not been heat-treated (30 min at 56°C). Ul-
timately, the reason for the discrepancy in the two samples remains
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unclear.

Studies comparing the performance of antibody ELISA using DBS and
serum/plasma from domestic pigs are scarce or do not exist. Ran-
driamparany et al. (2016) evaluated DBS for ASFV antibody detection by
Ingezim PPA Compac ELISA (Ingenasa, Spain), reporting a sensitivity of
93.8 % and specificity of 100.0 % when eluting a 40 mm? filter paper
section in 100 pL of buffer (Ingenasa) for two hours at room tempera-
ture. For HEV and ADV, according to the authors’ knowledge, there are
no published studies from domestic pigs. On the human side, it was
demonstrated that HEV antibodies can be reliably detected from DBS,
with a specificity of 97.0 % and an overall sensitivity of 81.0 %, which is
in a similar range as observed in the present study (Overbg et al., 2022).
Charrier et al. (2018) used DBS collected from domestic pigs in com-
mercial ELISAs for large-scale field surveillance. Unfortunately, the
procedure for DBS elution is not described and diagnostic sensitivity and
specificity are not specified. Yet, their study provides evidence for the
practical feasibility of DBS-based testing for ADV and HEV under field
conditions.

The results from this study strongly suggest that DBS can serve as a
viable and highly cost-effective alternative to liquid blood for antibody
detection using ELISA, especially for large-scale or field-based surveil-
lance. The results further support the hypothesis that DBS, with a
thoroughly optimized protocol, can perform comparably or equally to
serum or plasma samples in terms of diagnostic sensitivity and speci-
ficity in ELISA-based antibody detection.

Two key limitations should be acknowledged which need to be
addressed in future studies. First, a part of the DBS was prepared from
antibody-spiked blood. The protocols established in the present study
require further testing on untreated samples directly collected from the
animals. Ideally, these tests are accompanied by a comparison with a
gold standard test. Second, the limited sample size (n = 52 per path-
ogen) restricts generalizability of the results. Large-scale studies are
needed to confirm the reliability and robustness of the DBS elution
protocols evaluated here.

CRediT authorship contribution statement

Ranja Steinhauer: Writing — review & editing, Writing — original
draft, Visualization, Validation, Methodology, Investigation, Formal
analysis, Data curation. Eric Kiibler: Writing — review & editing, Vali-
dation, Resources, Methodology, Funding acquisition, Conceptualiza-
tion. Stefan Gaugler: Writing — review & editing, Validation, Resources,
Methodology, Funding acquisition, Conceptualization. Cornel Fraefel:
Writing — review & editing, Supervision, Resources, Funding acquisition,
Conceptualization. Julia Lechmann: Writing - review & editing, Vali-
dation, Supervision, Methodology, Conceptualization.

Funding
This work was supported by Innosuisse [120.029 IP-LS].
Declaration of Competing Interest

Eric Kiibler is an affiliate of STERA Scientific AG which aims to
commercialize the findings described in this manuscript. All other au-
thors declare no conflict of interest relevant to this work.

Acknowledgements

The authors thank the Zurich slaughterhouse, the European Live-
stock and Disease Control (ELDC), Céline Deblanc from the Agence
nationale de sécurité sanitaire de I’alimentation, de environment et du
travail (ANSES), Dr. Nicolas Ruggli and PD Dr. Claudia Bachofen from
the Institute of Virology and Immunology (IVI), and the Institute of
Veterinary Bacteriology, University of Bern for providing essential
sample material.

Journal of Virological Methods 341 (2026) 115336
Data availability
Data will be made available on request.

References

Alonso, C., Borca, M., Dixon, L., Revilla, Y., Rodriguez, F., Escribano, J.M., ICTV Report
Consortium, 2018. ICTV virus taxonomy profile: Asfarviridae. J. Gen. Virol. 99,
613-614. https://doi.org/10.1099/jgv.0.001049.

Aslan, A.T., Balaban, H.Y., 2020. Hepatitis E virus: epidemiology, diagnosis, clinical
manifestations, and treatment. World J. Gastroenterol. 26, 5543-5560. https://doi.
org/10.3748/wjg.v26.i37.5543.

Burri, C., Vial, F., Ryser-Degiorgis, M.P., Schwermer, H., Darling, K., Reist, M., Wu, N.,
Beerli, O., Schoning, J., Cavassini, M., Waldvogel, A., 2014. Seroprevalence of
hepatitis E virus in domestic pigs and wild boars in Switzerland. Zoonoses Public
Health 61, 537-544. https://doi.org/10.1111/zph.12103.

Charrier, F., Rossi, S., Jori, F., Maestrini, O., Richomme, C., Casabianca, F., Ducrot, C.,
Jouve, J., Pavio, N., Le Potier, M.F., 2018. Aujeszky’s disease and hepatitis E viruses
transmission between domestic pigs and wild boars in Corsica: evaluating the
importance of wild/domestic interactions and the efficacy of management measures.
Front. Vet. Sci. 5, 1. https://doi.org/10.3389/fvets.2018.00001.

Demirev, P.A., 2013. Dried blood spots: analysis and applications. Anal. Chem. 85,
779-789. https://doi.org/10.1021/ac303205m.

Fiderer, D., Thoene-Reineke, C., Wiegard, M., 2024. Clicker training in minipigs to
reduce stress during blood collection—an example of applied refinement. Animals
14 (19). https://doi.org/10.3390/ani14192819.

Galli, F., Friker, B., Bearth, A, Diirr, S., 2022. Direct and indirect pathways for the spread
of African swine fever and other porcine infectious diseases: an application of the
mental models approach. Transbound. Emerg. Dis. 69. https://doi.org/10.1111/
tbed.14605.

Gaugler, S., Sottas, P., Blum, K., Luginbiihl, M., 2021. Fully automated dried blood spot
sample handling and extraction for serological testing of SARS-CoV-2 antibodies.
Drug Test. Anal. 13, 223-226. https://doi.org/10.1002/dta.2946.

Griiner, N., Stambouli, O., Ross, R.S., 2015. Dried blood spots—preparing and processing
for use in immunoassays and in molecular techniques. J. Vis. Exp. (97), 52619.
https://doi.org/10.3791/52619.

Guthrie, R., Susi, A., 1963. A simple phenylalanine method for detecting phenylketonuria
in large populations of newborn infants. Pediatrics 32, 338-343. https://doi.org/
10.1542/peds.32.3.338.

Hoofnagle, J.H., Nelson, K.E., Purcell, R.H., 2012. Hepatitis E. N. Engl. J. Med. 367,
1237-1244. https://doi.org/10.1056/NEJMral204512.

International Committee on Taxonomy of Viruses (ICTV), 2025. Virus Taxonomy: 2023
Release. https://ictv.global/taxonomy (accessed 19 August 2025).

Lechmann, J., Gehrig, O., Luginbiihl, M., Fraefel, C., Gaugler, S., 2022. Fully automated
dried blood spot sample handling and extraction for BoHV-1 antibody testing by
ELISA. J. Virol. Methods 310, 114626. https://doi.org/10.1016/j.
jviromet.2022.114626.

Li, Z., Chen, W., Qiu, Z., Li, Y., Fan, J., Wu, K., Li, X., Zhao, M., Ding, H., Fan, S., Chen, J.,
2022. African swine fever virus: A review. Life 12, 1255. https://doi.org/10.3390/
life12081255.

Lienhard, J., Vonlanthen-Specker, I., Sidler, X., Bachofen, C., 2021. Screening of Swiss
pig herds for hepatitis E virus: A pilot study. Animals 11, 3050. https://doi.org/
10.3390/ani11113050.

Lim, M.D., 2018. Dried blood spots for global health diagnostics and surveillance:
Opportunities and challenges. Am. J. Trop. Med. Hyg. 99, 256-265. https://doi.org/
10.4269/ajtmh.17-0889.

Luginbiihl, M., Gaugler, S., 2020. The application of fully automated dried blood spot
analysis for liquid chromatography-tandem mass spectrometry using the CAMAG
DBS-MS 500 autosampler. Clin. Biochem 82, 33-39. https://doi.org/10.1016/j.
clinbiochem.2020.02.007.

McDade, T.W., Williams, S., Snodgrass, J.J., 2007. What a drop can do: dried blood spots
as a minimally invasive method for integrating biomarkers into population-based
research. Demography 44, 899-925. https://doi.org/10.1353/dem.2007.0038.

Meng, X.J., Purcell, R.H., Halbur, P.G., Lehman, J.R., Webb, D.M., Tsareva, T.S.,
Haynes, J.S., Thacker, B.J., Emerson, S.U., 1997. A novel virus in swine is closely
related to the human hepatitis E virus. Proc. Natl. Acad. Sci. USA 94, 9860-9865.
https://doi.org/10.1073/pnas.94.18.9860.

Merlot, E., Mounier, A.M., Prunier, A., 2011. Endocrine response of gilts to various
common stressors: a comparison of indicators and methods of analysis. Physiol.
Behav. 102, 259-265. https://doi.org/10.1016/j.physbeh.2010.11.009.

Mettenleiter, T.C., 2020. Aujeszky’s disease and the development of the marker/DIVA
vaccination concept. Pathogens 9, 563. https://doi.org/10.3390/
pathogens9070563.

Moynagh, J., 1997. Aujeszky’s disease and the European Community. Vet. Microbiol 55,
159-166. https://doi.org/10.1016/50378-1135(96)01297-7.

Miiller, T., Batza, H.J., Schliiter, H., Conraths, F.J., Mettenleiter, T.C., 2003. Eradication
of Aujeszky’s disease in Germany. J. Vet. Med. B 50, 207-213. https://doi.org/
10.1046/j.1439-0450.2003.00666.x.

Miiller, T., Hahn, E.C., Tottewitz, F., Kramer, M., Klupp, B.G., Mettenleiter, T.C.,
Freuling, C., 2011. Pseudorabies virus in wild swine: a global perspective. Arch.
Virol. 156, 1691-1705. https://doi.org/10.1007/s00705-011-1080-2.

@verbg, J., Aziz, A., Zaman, K., Julin, C.H., Qadri, F., Stene-Johansen, K., Biswas, R.,
Islam, S., Bhuiyan, T.R., Haque, W., Sandbu, S., Dembinski, J.L., Dudman, S., 2022.


https://doi.org/10.1099/jgv.0.001049
https://doi.org/10.3748/wjg.v26.i37.5543
https://doi.org/10.3748/wjg.v26.i37.5543
https://doi.org/10.1111/zph.12103
https://doi.org/10.3389/fvets.2018.00001
https://doi.org/10.1021/ac303205m
https://doi.org/10.3390/ani14192819
https://doi.org/10.1111/tbed.14605
https://doi.org/10.1111/tbed.14605
https://doi.org/10.1002/dta.2946
https://doi.org/10.3791/52619
https://doi.org/10.1542/peds.32.3.338
https://doi.org/10.1542/peds.32.3.338
https://doi.org/10.1056/NEJMra1204512
https://doi.org/10.1016/j.jviromet.2022.114626
https://doi.org/10.1016/j.jviromet.2022.114626
https://doi.org/10.3390/life12081255
https://doi.org/10.3390/life12081255
https://doi.org/10.3390/ani11113050
https://doi.org/10.3390/ani11113050
https://doi.org/10.4269/ajtmh.17-0889
https://doi.org/10.4269/ajtmh.17-0889
https://doi.org/10.1016/j.clinbiochem.2020.02.007
https://doi.org/10.1016/j.clinbiochem.2020.02.007
https://doi.org/10.1353/dem.2007.0038
https://doi.org/10.1073/pnas.94.18.9860
https://doi.org/10.1016/j.physbeh.2010.11.009
https://doi.org/10.3390/pathogens9070563
https://doi.org/10.3390/pathogens9070563
https://doi.org/10.1016/S0378-1135(96)01297-7
https://doi.org/10.1046/j.1439-0450.2003.00666.x
https://doi.org/10.1046/j.1439-0450.2003.00666.x
https://doi.org/10.1007/s00705-011-1080-2

R. Steinhauer et al.

Stability and feasibility of dried blood spots for hepatitis E virus serology in a rural
setting. Viruses 14, 2525. https://doi.org/10.3390/v14112525.

Papatsiros, V.G., Maragkakis, G., Papakonstantinou, G.1., 2024. Stress biomarkers in pigs:
current insights and clinical application. Vet. Sci. 11 (12). https://doi.org/10.3390/
vetscil1120640.

Penrith, M.L., van Emmenes, J., Hakizimana, J.N., Heath, L., Kabuuka, T., Misinzo, G.,
Odoom, T., Wade, A., Zerbo, H.L., Luka, P.D., 2024. African swine fever diagnosis in
Africa: challenges and opportunities. Pathogens 13, 296. https://doi.org/10.3390/
pathogens13040296.

Pomeranz, L.E., Reynolds, A.E., Hengartner, C.J., 2005. Molecular biology of
pseudorabies virus: impact on neurovirology and veterinary medicine. Microbiol.
Mol. Biol. Rev. 69, 462-500. https://doi.org/10.1128/MMBR.69.3.462-500.2005.

Randriamparany, T., Kouakou, K.V., Michaud, V., Fernandez-Pinero, J., Gallardo, C., Le
Potier, M.F., Rabenarivahiny, R., Couacy-Hymann, E., Raherimandimby, M.,
Albina, E., 2016. African swine fever diagnosis adapted to tropical conditions by the
use of dried-blood filter papers. Transbound. Emerg. Dis. 63, 379-388. https://doi.
org/10.1111/tbed.12295.

Roizmann, B., Desrosiers, R.C., Fleckenstein, B., Lopez, C., Minson, A.C., Studdert, M.J.,
1992. The family Herpesviridae: an update. Arch. Virol. 123, 425-449. https://doi.
org/10.1007/BF01317276.

Salines, M., Andraud, M., Rose, N., 2017. From the epidemiology of hepatitis E virus
(HEV) within the swine reservoir to public health risk mitigation strategies: a
comprehensive review. Vet. Res. 48, 31. https://doi.org/10.1186/513567-017-0436-
3.

Samsonova, J.V., Saushkin, N.Yu, Osipov, A.P., 2022. Dried blood spots technology for
veterinary applications and biological investigations: technical aspects, retrospective
analysis, ongoing status and future perspectives. Vet. Res. Commun. 46, 655-698.
https://doi.org/10.1007/511259-022-09957-w.

Santos, N., Nunes, T., Fonseca, C., Vieira-Pinto, M., Almeida, V., Gortazar, C., Correia-
Neves, M., 2018. Spatial analysis of wildlife tuberculosis based on a serologic survey
using dried blood spots, Portugal. Emerg. Infect. Dis. 24, 2169-2175. https://doi.
org/10.3201/eid2412.171357.

10

Journal of Virological Methods 341 (2026) 115336

Saushkin, N.Yu, Samsonova, J.V., Osipov, A.P., Kondakov, C.E., Efimova, M.A.,
Chernov, A.N., 2016. A new sampling format for the diagnostics of bovine infectious
diseases in dried blood spots by ELISA. Mosc. Univ. Chem. Bull. 71, 253-257.
https://doi.org/10.3103/50027131416040088.

Savioli, G., Ahmadi, B.V., Munoz, V., Rosso, F., Schuppers, M., 2022. A methodology to
assess indirect economic impacts of animal disease outbreaks: a case of hypothetical
African swine fever outbreak in Switzerland. Transbound. Emerg. Dis. 69,
e1768-e1786. https://doi.org/10.1111/tbed.14512.

Stephens, D.B., Rader, R.D., 1983. Effects of vibration, noise and restraint on heart rate,
blood pressure and renal blood flow in the pig. J. R. Soc. Med. 76, 841-847. https://
doi.org/10.1177/014107688307601008.

Syed, S.F., Zhao, Q., Umer, M., Alagawany, M., Ujjan, L.A., Soomro, F., Bangulzai, N.,
Baloch, A.H., Abd El-Hack, M., Zhou, E.M., Arain, M.A., 2018. Past, present and
future of hepatitis E virus infection: zoonotic perspectives. Microb. Pathog. 119,
103-108. https://doi.org/10.1016/j.micpath.2018.03.051.

Vargas-Amado, M.E., Carmo, L.P., Berezowski, J., Fischer, C., Santos, M.J., Griitter, R.,
2022. Towards risk-based surveillance of African swine fever in Switzerland. Prev.
Vet. Med. 204, 105661. https://doi.org/10.1016/j.prevetmed.2022.105661.

Velazquez-Salinas, L., 2025. Emergence and control of African swine fever. Pathogens
14, 283. https://doi.org/10.3390/pathogens14030283.

Virtudazo, M.C.C., Aquino, J.B., Arellano, R.N.B., Fortes, R.A., Kaw, R.C., Tantengco, O.
A.G., 2024. The role of dried blood spot tests in the detection of hepatitis B infection:
a systematic review. J. Viral Hepat. 31, 35-46. https://doi.org/10.1111/jvh.13890.

Wood, J., Minter, L.J., Bibus, D., Stoskopf, M.K., Fellner, V., Ange-van Heugten, K., 2021.
Comparison of African savanna elephant (Loxodonta africana) fatty acid profiles in
whole blood, whole blood dried on blood spot cards, serum, and plasma. PeerJ 9,
€12650. https://doi.org/10.7717/peerj.12650.

World Health Organization, 2024. Guidance on regulations for the transport of infectious
substances, 2023-2024: applicable as from 1 October 2023. World Health
Organization, Geneva. https://iris.who.int/handle/10665/376214.

Zhang, X., Zhou, L., Ge, X., Gao, P., Zhou, Q., Han, J., Guo, X., Zhang, Y., Yang, H., 2025.
Advances in the diagnostic techniques of African swine fever. Virology 603, 110351.
https://doi.org/10.1016/j.virol.2024.110351.


https://doi.org/10.3390/v14112525
https://doi.org/10.3390/vetsci11120640
https://doi.org/10.3390/vetsci11120640
https://doi.org/10.3390/pathogens13040296
https://doi.org/10.3390/pathogens13040296
https://doi.org/10.1128/MMBR.69.3.462-500.2005
https://doi.org/10.1111/tbed.12295
https://doi.org/10.1111/tbed.12295
https://doi.org/10.1007/BF01317276
https://doi.org/10.1007/BF01317276
https://doi.org/10.1186/s13567-017-0436-3
https://doi.org/10.1186/s13567-017-0436-3
https://doi.org/10.1007/s11259-022-09957-w
https://doi.org/10.3201/eid2412.171357
https://doi.org/10.3201/eid2412.171357
https://doi.org/10.3103/S0027131416040088
https://doi.org/10.1111/tbed.14512
https://doi.org/10.1177/014107688307601008
https://doi.org/10.1177/014107688307601008
https://doi.org/10.1016/j.micpath.2018.03.051
https://doi.org/10.1016/j.prevetmed.2022.105661
https://doi.org/10.3390/pathogens14030283
https://doi.org/10.1111/jvh.13890
https://doi.org/10.7717/peerj.12650
https://doi.org/10.1016/j.virol.2024.110351

	Evaluation of dried blood spot testing for serological monitoring of epizootic and zoonotic pathogens in domestic pigs
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Sample collection
	2.2.1 Preparation of DBS/DSS
	2.2.2 Preparation of antibody-spiked DBS samples

	2.3 DBS and DSS elution
	2.3.1 Hepatitis E virus
	2.3.2 African Swine Fever virus
	2.3.3 Aujeszky’s disease virus

	2.4 Antibody ELISA

	3 Results
	3.1 Hepatitis E virus (HEV)
	3.1.1 Volume of eluate per well
	3.1.2 Incubation time
	3.1.3 Elution buffer
	3.1.4 Number of disks and buffer volume
	3.1.5 Optimized DBS protocol for three separate ELISA runs

	3.2 African Swine Fever virus (ASFV)
	3.2.1 Incubation time
	3.2.2 Elution buffer
	3.2.3 Optimized DBS protocol for three separate ELISA runs

	3.3 Aujeszky’s disease virus (ADV)
	3.3.1 Number of disks and buffer volume
	3.3.2 Optimized DBS protocol for three separate ELISA runs


	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Data availability
	References


