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Aim. The aim of this study was to develop a loop-mediated isothermal amplification (LAMP) assay for African swine
fever virus (ASFV) detection. Methods. Primer design was performed using publicly available full genome sequences
of ASFV. A panel of heterologous DNA samples and reference ASFV DNA samples were used for the assay specificity
testing. The limit of detection (LOD) was assessed using purified and quantified serial dilution of the amplified target
sequence. LAMP product detection was performed via gel-electrophoresis and via ethidium bromide fluorescence
under UV after adding the ethidium bromide directly to the tube with the LAMP product. Results. Three primer sets
amplifying different regions of ASFV gene C962R were developed, of which the set Ne 2 providing the most intense
product synthesis with the most vivid and clear pattern was selected for further studies. The optimal concentration of
reaction mix components for the most effective primer set was established. In the final protocol the LAMP reaction
was carried out at 60 °C for 40 min. The limit of detection (LOD) of the assay was 50 copies of the target sequence
per reaction. In a preliminary testing the assay proved specific, using 10 reference and 4 heterologous viral and two
bacterial DNA samples. Our LAMP assay detected ASFV genotypes I and II that are currently spread in Europe, Asia,
and the Pacific and IX, occurring in Africa. Conclusion. A LAMP assay was developed based on the C962R gene that
proved in preliminary validation to be specific and sensitive and was able to detect down to 50 copies per reaction of
purified target gene within 40 minutes. Classical gel electrophoresis and direct staining using ethidium bromide were
used for product visualisation in this study. Colorimetric approaches or the use of lateral flow devices in the visuali-
sation step could make the assay less equipment dependent. Further validation of the assay, determining analytical
specificity, selectivity and reproducibility performance characteristics also using clinical samples under field condi-
tions and inclusion of an internal control would possibly enable its use as a test of choice at point-of-care and at low
resource laboratories.

Key words: African swine fever virus, isothermal amplification, molecular diagnostics, rapid test, DNA.
DOI: https://doi.org/10.15407/agrisp8.03.003

INTRODUCTION

. . ) . ) . (Alonso C et al, 2012; Balasuriya U et al, 2017).
African swine fever (ASF) is a contagious viral dis-

family and one of the most complex livestock viruses

ease of various species of domestic and wild Suidae
(suids). An acute form of the disease results in up to a
100 % mortality rate (Beltran-Alcrudo D et al, 2017).
ASF is a notifiable disease, since it causes economic
loses and affects natural populations of wild boars. The
causative agent, African swine fever virus (ASFV), a
large, enveloped double-stranded DNA virus, is the
only member of genus Asfivirus from Asfarviridae
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ASF is widely spread in Africa, Eastern Europe, Cau-
casus region, and Asia. The disease is endemic in most
countries of sub-Saharan Africa. In Western Europe,
ASF has been eradicated after numerous outbreaks
in 1960-1990 in Italy, Spain, France, Malta, Belgium,
and the Netherlands. Those outbreaks were caused
by ASFV of genotype 1. The only European territory
where ASF became endemic after the outbreaks in the
20" century is the island of Sardinia (Italy) (Beltran-
Alcrudo D et al, 2017; Cwynar P et al, 2019; Dixon L
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et al, 2019). In 2007, ASFV was detected in Georgia
for the first time. The virus of genotype Il from Af-
rica was probably introduced to this new region via
sea transport. Since 2007, ASFV has subsequently rap-
idly spread into Eastern Europe and W. Asia, includ-
ing Azerbaijan, Armenia, Russia, Belarus, Ukraine,
Poland, Estonia, Lithuania, Latvia, Moldova, Chechia,
Romania, Hungary, Bulgaria, Slovakia, Serbia, North
Macedonia, Italy, where it caused numerous outbreaks
among domestic pigs and wild boars (APHA, 2022;
Beltran-Alcrudo D et al, 2017; Cwynar P et al, 2019;
Gaudreault NN et al, 2020; EFSA, 2021; OIE-WAHIS,
2022). In August 2018, ASF was for the first time con-
firmed in China, which is the world biggest pork pro-
ducer. Until now, the disease has spread in Asia to Viet-
nam, Cambodia, Indonesia, Mongolia, the Republic of
Korea, the Democratic People’s Republic of Korea,
Myanmar, the Philippines, Laos, Timor-Leste, Papua
New Guinea, India, Malaysia, Bhutan, Thailand (OIE,
2019a, FAO, 2022).

Different methods can be used for ASFV laboratory
detection, depending on the clinical sample type and
condition, the purpose of the test and laboratory equip-
ment available. Among methods such as virus isola-
tion, hemadsorption test, immunofluorescent test, and
ELISA for antigen detection, PCR remains the most
widely used gold standard for the first-line laboratory
diagnosis (Lvov DK et al, 2015; Beltran-Alcrudo D et
al, 2017; OIE, 2019b). Isothermal amplification assays
can be a rapid alternative to PCR. Loop-mediated iso-
thermal amplification (LAMP) is an assay developed
by Notomi T et al. in 2000. The LAMP reaction can be
carried out under isothermal conditions (60-65 ), as
opposed to PCR, due to the use of the strand-displacing
Bst DNA polymerase which obviates the need for the
DNA denaturation step at 95 °C. The recognition of
six target regions by three different primer pairs makes
LAMP highly specific, whereas the use of Bst poly-
merase ensures the rapidness of the method. Since the
reaction is carried out at constant temperature, LAMP
requires very simple equipment.

Several LAMP assays for ASFV detection have been
developed to date. Genes coding structural proteins p72
(Dokphut A et al, 2021, Tran DH et al, 2020, Zhu Y'S et
al., 2020), p22 (Elsukova AA et al, 2019), p10 (Wang
D et al, 2020), uncharacterised protein K205R (Wu
X et al, 2016), C717R (Zhu YS et al, 2020), enzymes
topoisomerase II (James HE et al, 2010), helicase (Zhu
YS et al., 2020) have been used as target sequences.
However, there is a need for other molecular markers
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for molecular diagnostics. The use of the KP/77R gene
coding protein p22 as a molecular marker for ASFV de-
tection (Elsukova AA et al, 2019) is an example, prov-
ing this necessity. Gene KPI77R is located closely to
the 5'-end of the ASFV genome and its homologous
sequence L10L is located at the 3"-end of the viral ge-
nome. However, both sequences are located in highly
variable regions, where insertions and deletions occur
quite often (Dixon LK et al, 2012). Thus, a wild ASFV
strain with 5'-end deletion, detected in Estonia, carries
mutations affecting both sequences. KP/77R is a part
of deleted 14 kbp fragment and has been completely
lost (Zani L et al, 2018). More to the point, p22 ap-
pears to be not essential for virus virulence and repli-
cation (Vuono EA, 2021) and in case of the gene loss,
the virus could possibly spread and cause the disease,
being able to avoid detection by KP/77R LAMP as-
say. Since Ukraine is the territory where ASFV is well-
established, the assays used for the disease diagnostics
in the country should be aimed at highly conservative
genes located in stable genome parts. Although the rest
of the target sequences are located in the central con-
servative region of ASFV genome, plentiful mutations
are described in this genome part. The genes, coding
proteins p10 and K205R, are located next to each other
(Dixon LK et al, 2012) and the mutations in this region
might mean a loss or change of target sequences for
two assays (Wu X et al, 2016; Wang D et al, 2020).
Recombination events are a part of ASFV evolution-
ary strategy and in case of indel occurrence a target
sequence of an assay can be changed (Zhu Zh et al,
2019). Therefore, the development of assays targeted at
other molecular markers of ASFV remains important.

Thus, the aim of our work was to develop a LAMP
assay for ASFV detection using the C962R gene, which
is involved in DNA replication and located in central
conservative region of ASFV genome leading possibly
to a stability of the target sequence in different virus
isolates to be possible used for express diagnostics in
laboratories with limited resources.

MATERIALS AND METHODS

Primer design. Twenty-six publicly available in Gen-
Bank full genome sequences of ASFV were used for
the primer design (https://www.ncbi.nlm.nih.gov/gen-
bank). Multiple sequence alignment and conservative
region search were performed using BioEdit, v. 7.0.5.3
software. LAMP primer sets were designed using the
online tool PrimerExplorer V5 (http://primerexplorer.
jp)- Three primer sets amplifying different regions of
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the C962R gene, which encodes putative DNA primase
of ASFV, were designed, for two of them the loop prim-
ers were generated (Table 1)

Reference samples and DNA templates. 170 bp long
amplicons generated with F3/B3 primers were used as a
positive template during the LAMP protocol optimiza-
tion. PCR for the amplicon generation was performed
as follows: 2X Hot Start Green PCR MasterMix —
12.5 pl, F3 primer (5 pmol/pl) — 1 pl, B3 primer
(5 pmol/ul) — 1 pul, PCR grade water — 5.5 ul, DNA
template (ASFV DNA) — 5 ul. The amplification proto-
col: 5 min denaturation at 95 °C, 40 cycles of amplifi-
cation at 95 °C — 155, 60 °C-30's, 72 °C—30 s, 5 min
elongation at 72 °C. The amplicons were cleaned us-
ing Monarch® PCR & DNA Cleanup Kit prior to using
them as a template. The amplicons were quantified us-
ing micro-volume spectrophotometer and used for the
preparation of serial 10-fold dilutions containing from
10'° to 1 copies of the gene of interest per 1 ul. The
panel of serial dilution was used for the LAMP limit of
detection (LOD)determination.

DNA sample extracted from swine lymph nodes was
used as a negative template control during the LAMP
protocol optimization.

A panel of reference DNA samples (n = 10) isolated
from different sources was used for the LAMP perfor-
mance assessment (Table 2). The reference samples
were kindly provided by PD Dr. Sandra Blome (Fried-
rich Loeffler Institute, Institute of Diagnostic Virology,
Germany).

Additionally, nucleic acid samples of viruses and bac-
teria, causing symptoms near or similar to ASF, (n = 6)
were used for the LAMP specificity assessment. The
panel consisted of purified DNA (¢cDNA in case of RNA
viruses) samples of classical swine fever virus (CSFV),
Aujeszky’s disease virus (ADV) (kindly provided by PD
Dr. S. Blome), porcine reproductive and respiratory syn-
drome virus (PRRSV), porcine circovirus type 2 (PCV
2), Erysipelothrix rhusiopathiae and Pasteurella multo-
cida (kindly provided by PhD in veterinary sciences, A.
1. Buzun, National Scientific Centre “Institute of Experi-
mental and Clinical Veterinary Medicine”, Ukraine). RT-

Table 1. Primers developed for the detection of ASFV using C962R gene-based LAMP assay

Length Genome position
Primer name Primer type (bp) (according to isolate Sequence (5'-3")
ASFV Georgia 2007/1*

1ASFV _F3 Forward outer 18 90501-90518 CTGAAGTGGTCCAGGGCA
1ASFV_B3 Reverse outer 19 90710-90728 GTTGGTAGGGCTTGTGGTT
1ASFV_FIP Forward inner 41 90584-90604, GGCATCGTGCTGTAGGGATCC-

(F1c+F2) 90529-90548 CCATGTGCTCATTCCTGGTC
1ASFV_BIP Reverse inner 38 90627-90646, AGCAGGGCGTTGCAAATCCT-

(Blc+B2) 906870704 TGGAGGAGCCGTAGAGGA
1ASFV_LF Forward loop 20 90549-90568 GGTAGAAGCCGCCAGCTTGA
1ASFV_LB Reverse loop 20 90647-90666 GAGTCCTGTCTGGACCCCCA
2ASFV _F3 Forward outer 20 92116-92135 GCGGGGATATGGGTACTTTG
2ASFV B3 Reverse outer 19 92303-92321 GCAGTCTTCTCCATGTGCC
2ASFV_FIP Forward inner 42 92178-92199, TCGCCCGGATTTACCATTTCCT-

(Fl1c+F2) 92137-92156 GGAAACCAACAAAAGCGAGG
2ASFV_BIP Reverse inner 41 9223892258, TTCAGATGACGGCCACCATGG-

(Blc+B2) 92280-92299 GTCCGTCGTGTCAATGATGA
2ASFV_LF Forward loop 20 92158-92157 TCAGCCGCGACGTATTTAGA
2ASFV_LB Reverse loop 20 92260-92279 CGCCGCGTCCAACTATAACT
3ASFV _F3 Forward outer 18 91339-91355 GGGCAACAAGTTTGTGGT
3ASFV_B3 Reverse outer 19 91515-91533 TGGTATTTGATGTGCTCCG
3ASFV_FIP Forward inner 38 91407-91426, TCCCTGATTCATTGGCTGGC-

(F1ctF2) 91367-91382 ACTCAAACGGGAAGTACG
3ASFV_BIP Reverse inner 38 91435-91454, GAAGTGGCGCAAGGAGGTAA-

(BlctB2) 91495-91512 ATTCGGTCCATCACCCTT

* Isolate ASFV Georgia 2007/1 genome assembly, complete genome: monopartite GenBank: FR682468.2)
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PCR for RNA samples was performed using REVER-
TA-L RT reagents kit (AmpliSens). The sensitivity and

specificity assessment tests were performed in 3 repeats
with the selected LAMP primer set Ne 2.

Primary LAMP assessment and protocol optimiza-
tion. Bst 2.0 DNA polymerase (“New England Bio-
labs”) was used for the primary assessment of per-
formance of all three assays developed. The reaction
mixture was prepared according to the standard manu-
facturer’s protocol apart from the modifications men-
tioned below.

During the LAMP protocol optimization, the am-
plification temperature (57-64 °C, step 1 °C) and time
(10-60 min, step 10 min), concentration of MgSO,
(4-10 mM, step 1 mM), betaine (0.8—1.2 mM, step
0.1 mM) and Bst polymerase (2—8 U, step 2 U) were
tested. The amplification was carried out using a Bio-
metra TAdvanced Twin 48 Gradient Thermal Cycler
(Analytik Jena, Germany). The amplicons were visual-
ized by electrophoresis in 1.5 % agarose gel. The al-
ternative rapid visualization was performed by adding
1 pl of ethidium bromide (0.5 pg/ml solution) with fur-
ther illumination with UV-light.

RESULTS

Initially, the primary assessment of the three LAMP
assays developed was performed. The analysis of the
reaction products via gel-electrophoresis showed that
two primer sets generated amplicons (Fig. 1). How-
ever, in the reaction with primer set No. 2, the ladder
pattern of the amplicon was more legible and clearer.
The reaction with a primer set including only inner and
outer primers (set No. 3) was not successful and no
product was generated.

The primer set 2 was selected for further studies,
since the amplification result obtained using it had been

the most robust. During the LAMP protocol optimiza-
tion, the difference between LAMP products synthe-
sised under different conditions was hardly observed in
the use of gel-electrophoresis for product visualisation.
For this reason, the product was additionally visual-
ized by adding ethidium bromide and subsequent UV
illumination, which helped to visualise larger amount
of the generated LAMP product and the tube with the
most intensive LAMP product formation (Fig. 2).

A little difference in LAMP product synthesis was
observed for the LAMP reactions carried out at differ-
ent temperatures, however, the brightest fluorescence
was observed in case of the amplification at 59 °C
and 60 °C. An increase of the amplification time for
more than 40 min did not affect the LAMP result. In
view of this, the amplification for 40 min at 60 °C
was selected as the optimal condition for the assay.
The optimized protocol for 25 ul LAMP mixture prep-
aration was 0.2 uM of 2F3/2B3, 0.4 uM 2LF/2LB,
1.6 uM 2FIP/2BIP, 6 mM DNTPs mixture, 1x Isother-
mal Amplification Buffer, 6 mM MgSO,, 1 mM beta-
ine, 10U of Bst DNA polymerase. Five (5) pul of tem-
plate should be added to 20 pl of reaction mixture.

A 10-fold serial dilution of 170 bp target sequence
for primer set Ne 2 generated by PCR, cleaned up and
quantified, was used for LOD assessment. Testing the
DNA templates, including those from 10'°to 1 copy of
the sequence of interest, resulted in the production of a
clear ladder-patterned LAMP product for 10 samples
out of 11 (Fig. 3). Hence, the LOD for the LAMP was
10 copies of target sequence per 1 ul, which equalled
50 copies per reaction.

The initial LAMP analytical specificity assessment
was performed by testing DNA and RNA samples of
ASFV and other swine viruses and bacteria, causing
similar symptoms. ASFV reference DNA panel includ-

Table 2. Panel of reference samples used for the LAMP assay specificity testing

Matrix Inoculum Genotype Quantification
Spleen ASFV “Sardinia” I 9.41*10°
Lung ASFV “Sardinia” I 1.87*10°
Spleen ASFV “Estonia” I 5.57*10%
Lung ASFV “Estonia” I 1.44*10?
Spleen ASFV “Kenia05” IX 3.86*%10°
Lung ASFV “Kenia05” IX 3.68*10°
Macrophage culture ASFV “Netherlands86” I 2.66%103
Macrophage culture ASFV “Estonia” I 1.64*10?
Macrophage culture ASFV “Kenia05” IX 1.93*10°
Macrophage culture ASFV “Sardinia” I 1.54*10°
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ed samples extracted from three different matrixes and
three of the 24 described genotypes of ASFV. In our
preliminary experiments using DNA of a limited num-
ber of sources/samples the LAMP assay, using primer
set No 2 showed high specificity, generating neither
false positive, nor false negative results (Fig 4). No
LAMP products were observed in the DNA samples,
extracted from swine lymph nodes, used as a negative
control during the protocol optimization.

DISCUSSION

Despite strict control measures, ASF has been con-
stantly spreading in European and Asian countries
among both wild boars and domestic pigs, since its
introduction to the Caucasus region in 2007 (Beltran-
Alcrudo D et al, 2008) In the absence of commercially
available vaccines and treatment, the diagnostics of
ASF became the crucial factor for the prevention of
wide spreading of this disease. Many (molecular) meth-
ods have been developed for ASF diagnostics, includ-
ing conventional techniques such as ELISA, IFAT, IBT,
and PCR. However, the use of PCR tests requires well-
equipped laboratories with sophisticated thermocy-
clers, which are not always available in remote regions.
The transportation of the material to the sophisticated
laboratories may take (too) much time and makes fast
decision-taking impossible. The LAMP assay fits this
gap, since the reaction can be carried out under field
conditions using such simple devices as a water bath
or thermoblock. Different simple product visualisa-
tion techniques are also compatible with LAMP, which
makes it a good tool for rapid molecular diagnostics
(Wong Y-P et al, 2017; Mee PT et al., 2020).

The use of LAMP for infectious diseases field diag-
nostics has been rather limited since the method de-
velopment, although it was mentioned as one of the
alternative tests to PCR in the OIE Manual of Diag-
nostic Tests and Vaccines for Terrestrial Animals (OIE,
2019b). However, the situation has changed after the
beginning of COVID-19 pandemic, when cheap mass
express testing has become particularly important. Dif-
ferent LAMP assays have been developed for COV-
ID-19 diagnostics and are used as one of the tests of
choice (Baek YH et al, 2020; Kashir J et al, 2020; Park
G-S et al, 2020)

Numerous LAMP assays for the diagnostics of OIE
notifiable viral swine diseases, including classical swine
fever, African swine fever, swine vesicular disease and
porcine reproductive and respiratory syndrome, have
been developed (Mansour SM et al, 2015). The genes
of ASFV topoisomerase II (James HE et al, 2010), ma-
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M700 1 2 3

Fig. 1. The results of electrophoresis in 1.5 % agarose gel
of the LAMP products (ASF of genotype II, strain ASFV
“Estonia”), generated using the LAMP primer sets deve-
loped —setl (1), set2 (2), set3 (3), M700 — Thermo Scientific
O’GeneRuler Low Range DNA Ladder. Purified PCR pro-
ducts of each target sequence were used as templates

M700 0.8 0.9 1.0 1.1 1.2 Ss  NTC

0.8 09 1.0 1.1 1.2 Ss NTC

Fig. 2. The visualization of the LAMP product (ASF of gen-
otype II, strain ASFV “Estonia”) using gel-electrophoresis
(a) and UV-light after EtBr addition (b). 0.8—1.1 betaine
concentration (mM), Ss — Sus scrofa DNA, NTC — nega-
tive control (deionized water), M700 — Thermo Scientific
O’GeneRuler Low Range DNA Ladder. Purified PCR prod-
uct of target sequence for LAMP primer set Ne 2 was used
as a template



GERILOVYCH et al.

M100 10*10 10*9 10*8 10*7 10*6 10*5 10*4 10*3

100 10 1

Fig. 3. Analytical sensitivity of the LAMP assay using purified PCR product (ASF of genotype II, strain ASFV “Estonia”) of
target sequence for LAMP primer set Ne 2, detecting ASFV gene C962R. 10'°-1 — analyte concentration (copies/pl), NTC —

negative template control (deionized water)

jor capsid protein p72 (Dokphut A et al, 2021, Tran DH
et al, 2020), p22 (Elsukova AA et al, 2019), p10 (Wang
D et al, 2020), K205R (Wu X et al, 2016) were used
as target sequences for LAMP assays developed in the
previous studies. In our case we choose, gene C962R
coding putative DNA primase, which has been used as
a molecular marker for ASF diagnostics using LAMP
for the first time. The main advantage of C962R use as
a molecular marker is the fact that the protein coded by
this gene is one of the most conservative proteins of
ASFV (>97 % identity across 11 isolates of genotype
II) (Chapman DAG et al, 2011; Bao J et al, 2019). Al-
though the protein is not essential for virus virulence it
is included in viral replication and located in the highly
conservative central core region of the ASFV genome
(Ramirez-Medina E et al, 2020; Bao J et al, 2019). The
development of additional diagnostic assays, based on
diverse molecular markers, is useful as backup diag-
nostic tools in case of emerging virus variants.

The LAMP method is known to be less sensitive to
the factors inhibiting amplification, which enables its
use for testing samples that include inhibiting contami-
nants, such as environmental samples, blood with anti-
coagulants or oral fluids collected using baits. Diluted
blood, serum, stool samples were tested with LAMP
without prior DNA extraction (Francois P et al, 2011;
Mee PT et al, 2020; Phillips DE et al, 2021).

Due to the ability to amplify a target sequence across
relatively wide temperature values, LAMP is a robust
method. Thus, equally effective amplification was ob-
served at the temperature varying from 57 to 64 °C in
our study. The range of 10 °C (5767 °C) allowed for
consistent LAMP results in the study for Salmonella
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spp. detection (Francois P et al, 2011). LAMP amplicon
was generated at the temperature values from 51 to 70
in the study of Tran DH et al (2020). Additionally, nei-
ther exposition of LAMP reagent to ambient tempera-
ture, nor prolonged reaction mixture preparation were
shown to yield false results (Francois P et al, 2011).

The LAMP LOD varies greatly depending on the
target sequence, and especially the type of sample
material used. The LOD of the C962R LAMP assay,
assessed using serial 10-fold dilutions of purified and
quantified PCR product, was 10 copies/ul which cor-
responds to 50 copies per reaction. This rate is con-
sistent with LOD of p72 LAMP assay (Dokphut A
et al, 2021), which was 368 copies of plasmid DNA
per ul, the assay detecting topoisomerase II gene —
330 copies of plasmid DNA per reaction (James HE
et al, 2010) and 400 copies of synthesized DNA tem-
plate per reaction (Mee PT et al, 2020), 1 copy of
synthesized DNA template per reaction (Tran DH et
al, 2020), the assay detecting gene coding pl10 — 30
copies of plasmid DNA per pul (Wang D et al, 2020).
LOD criteria of OIE recommended assays for ASFV
detection are rated as 100 gene copies for TagMan
PCR (King DP et al, 2003), and 18 gene copies for
UPL PCR (Fernandez-Pinero J et al, 2013). Thus, the
analytical sensitivity of the LAMP assay using puri-
fied DNA is comparable with this characteristic of the
OIE recommended assays for molecular detection of
the ASF causative agent (OIE, 2019b)

The LAMP assay developed is specific and did
not show any cross-reaction in our study, neither did
other LAMP assays previously developed (Mee PT et
al, 2020; Dokphut A et al, 2021; Wang D et al, 2020;
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Tran DH et al, 2020; James HE et al, 2010). The as-
say we developed detected ASFV DNA extracted from
three different sources, spleen, liver and macrophage
cell cultures. The specificity is not influenced by the
ASFV genotype and effectively detects genotypes |
and II, which are the two, present in Europe, Asia, and
the Oceania (Blome S et al, 2020). Further specificity
testing using more and different source material from
various origins and under field conditions will be sub-
ject of further studies.

Different approaches can be used for LAMP result
detection and product visualization. In case of add-
ing fluorescent dyes, the result can be detected in real
time using qPCR thermocyclers. Turbidimetry based
on monitoring white precipitate of magnesium pyro-
phosphate, generated during DNA amplification, also
allows for real-time LAMP result detection (Wong
Y-P et al, 2017). To make the assay less equipment-
dependent, the colorimetric approach can be used.
Hydroxynaphthol blue, calcein, malachite green, leu-
cocrystal violet are colorimetric indicators changing
colour in a positive LAMP reaction (Baek YH et al,
2020; Park G-S et al, 2020). They do not influence the
reaction efficiency and enable the detection of LAMP
results with the naked eye, although they make inter-
pretation of the test result more subjective (Goto M
et al, 2009; Dokphut A et al, 2021, Wong Y-P et al,
2017). Intercalating dyes, such as SYBR Green, Pico-
green and ethidium bromide, are used for LAMP re-
sult detection under UV light (Wong Y-P et al, 2017).
Lateral flow devices (LFD) are also used for LAMP
result detection, especially in case of rapid field tests.
The principle is based on the interaction between bi-
otin-labelled LAMP product and fluorescein isothio-
cyanate, allowing for the hybridisation of different
ligands and visualisation of the LAMP product band
(James HE et al, 2010; Wong Y-P et al, 2017). Howev-
er, electrophoresis in agarose gel remains an effective
end-point method for LAMP product visualization,
since it enables visual recognition of ladder-like pat-
tern, which is the characteristic of LAMP amplicon.
This approach is more precise and can be used to con-
firm the results obtained using colorimetric reagents
and fluorescent dyes.

Therefore, due to its high specificity and sensitivity,
robustness and ability to use different approaches for
result detection, the LAMP method is an excellent tool
for molecular diagnostics. The generation of consistent
results across a wide range of temperatures, allowing
for the use of simple equipment and simplicity of vi-
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Fig. 4. The LAMP specificity testing, using positive refer-
ence (a) and heterologous (b) DNA samples. A. 1-10 — refer-
ence samples (numeration according to Table 2), NTC — neg-
ative control (deionized water). B. 1 — PRRSV RNA virus,
2-PCV2,3-ADV, 4 —-CSFV RNA virus, 5 — P. multocida,
6 — Erysipelothrix rhusiopathiae

sual result detection make LAMP a method of choice
for low-resource laboratories and point of need testing,
which has been proven by numerous studies (Mee PT
et al, 2020; Fillips DE et al, 2021).

CONCLUSION

A LAMP assay, able to detect 10 copies of purified
C962R ASFV gene per ul DNA within 40 minutes, has
been developed and partially validated. Using 3 differ-
ent sample matrices, purified DNA of 10 known strains
of ASFV from 4 different countries and 3 different
genotypes (I, I and IX) the primer set 2 appeared to
be highly specific. In many studies, the LAMP method
has been proven to be an effective tool for rapid test-
ing under both laboratory and field conditions. Further
studies of C962R gene-based LAMP assay, including
the application of colorimetric visualization or LFD,
are needed. The assay developed should be further

9



GERILOVYCH et al.

validated and also tested with clinical samples under
field conditions. This will help to implement the LAMP
assay in diagnostic practice and enable obtaining fast
results and taking decisions to prevent the disease
spreading in case of new outbreaks management in
less-resource areas.
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Po3pobka cnocody nerexuii Bipycy
a¢puKaHCHKOI YyMH CBHHeil Ha OCHOBI
NeTJILOBOI i30TepMmiuHol ammutidikanii reny C962R

M. 10. Kir !, FO. lIBapi %, A. I1. T'epinoBny !

" HHLI «IHCTHTYT eKCIIepUMEHTAIBHOI Ta KIIIHIYHOT
BETEPUHAPHOI METULITHIY,
Byn. Ilymikincska, 83, Xapkis, Ykpaina, 61023
2 IuctutyT Mikpobiosorii ByHmecsepy,
Hoiirepoeprmrpacce 11, Mrorxen, Himequnna

e-mail: maryna_kit@ukr.net*,
julialschwarz@bundeswehr.org, antger2011@gmail.com

Merta. MeToro JOCTIKCHHS € po3po0Ka METOdy IIeT-
JILOBOT 130TepMiuHOI amrutihikarii it JeTeKiii Bipycy
appukancekoi uyymu cBuned (AUC). Meromm. Jluzaiin
npaiiMepiB MPOBOIWIM 3 BHUKOPUCTAHHSIM MyONiYHO J0-
CTYIIHHX ITOBHOTCHOMHHUX TMoOCIigoBHOCTeH Bipycy AUC.
Just recTyBaHHS cenM(iYHOCTI METOLY BHKOPHCTOBYBAIIN
maHens rereporyoriuaux 3paskie JJHK Tta pedepenTHHX
mo3utuBHUX 3pa3kiB JIHK. Jlnsg BuU3HAUCHHA IIMITY [e-
teknii (JII) BHKOpPHCTOBYBaIM OYHWINEHI CepiifHI po3Be-
neHHa amiutiikoBaHoi 3a moromororo [TJIP mimpoBoi mo-
CITITOBHOCTI 3 BiZJOMOIO KOHIICHTpAIli€l0 aHamiTy. [IpomgykT
peakiiii neTIpboBol i30TepMiuHOiI aMIuTidikamii AeTeKTyBaIn
3a JIOMOMOIOK Tejib-eiekTpodopesy Ta (uyopecrieHIii
OpoMminy eTuito B yibTpadioleToBOMy CBITII IpU J0ja-
BaHHI Horo Oe3mocepenHbO A0 MPOOIPKH 3 TMPOLYKTOM
peakuii. Pe3yabratn. Byno pospobieHo Tpu cucTeMH
npaiiMepiB, MO JAETEKTYIOTh pi3HI AlIstHKH TeHy C962R
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Bipycy AUC, cepen sikux cuctemy Ne 2, 110 3a0e3nedyBaia
HaMOUIBII IHTEHCUBHUN CHHTE3 MPOAYKTY 3 HaHOLIbII WiT-
KHUM IaTepHoM, Oylio 00paHo ISl MOAAIBIIMX JAOCIHIIKECHb.
Byno BCTaHOBIEHO ONTHMAIBHY KOHLEHTPALIIO KOMIO-
HEHTIB peakiiiiHoi cymimi s oOpaHOi CHCTEMH Tpaid-
MepiB. 3a GiHATFHIM MPOTOKOJIOM PEaKIlif0 MEeTIHOBOT 130-
TepMivHoi ammutigikamnii mposoauIy 3a TeMmeparypu 60 °C
BrpomoBk 40 xB. JliMiT merekiii po3poOICHOI METONUKU
cTaHOBUTH 50 KOTill ITBOBOI MOCTIJOBHOCTI Ha pPEaKIIilo.
B misotHOMY nocimKeHH] 3 BUKopucTanHsam 10 pedepent-
HUX 1 4 TeTepoyloriuHuX BIPYCHHX Ta 2 OakTepialbHHX
3paskiB JIHK Oymo mokaszaHo, 1o crocid aerekiii € cre-
uudiyHUM. 32 JO0MOMOTrOK Po3po0JICHOT METOANKH MOKHA
npoBoauTu Aerekiito renoruniB I ta Il Bipycy AUC, mio
Hapasi IMPKYJIIoTh B €Bporti, A3ii Ta Okeanii Ta X, mo
BUABIIFOTE B Adpumi. BucaoBku. Byno po3poOieHo crio-
ci6 nmerexuii THK Bipycy AUC, mo B misoTHOMY JOCTi-
JKCHHI TTOKa3aB CIEeIU(ITHICTh 1 Iy TIUBICTD, Ta BUABIAE 50
KOITi OYHIIEHOTO IIJIFOBOTO T€HY BIPOAOBX 40 XBWIIHH.
VY maHomy mOCIHipKEHHI IS Bi3yamizamii IpOayKTy peakiii
OyJ10 BUKOPHCTAHO KJIACHYHHUH CIIOCiO renb-eaexTpodopesy
Ta mpsiMe 3a0apBlIeHHS 32 JOMOMOTOI OpOMITy ETHIIIO.
BukopucranHs KonopuMeTpii abo TeCT-CMy)KOK Ha eTari
Bizyasri3allii mpoayKTy 3pOOMI0 O METOMUKY MEHIII 3aJIeHK-
HOM BiJ oOnangHanHs. [lomankia Bayiganiss po3podiaeHoro
croco0y JIeTeKIi1, BU3HAUYCHHS aHAJITHYHOI crienn(iaHOCTI,
CENIeKTUBHOCTI Ta BiJTBOPIOBAHOCTI 3 BUKOPHCTAHHSM KJIi-
HIYHUX 3pa3KiB y IOJBOBHUX yMOBaX, MOTEHLIHHO nana O
MOXJIMBICT HOTO BHKOPUCTAHHS B SIKOCTI TpedepeHIii-
HOTO TecTy Oe3nocepeHb0o Ha MicIli BUSIBICHHS CIIJIaxy Ta
B JTaboparopisx i3 00MEKEHIMH pecypCami.

Knrouosi cnosa: adppukancbka uyma CBUHEH, 130TepMalib-
Ha aMIUTi(iKaIlis,, MOJICKYJIIPHA JIarHOCTHKA, EKCIIPEC-TECT,
JIHK.
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