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Abstract: African swine fever (ASF) is one of the major threats to pig production,
and real-time PCR (qPCR) protocols are integral part of ASF laboratory diagnosis.
With the pandemic spread of ASF, commercial kits have risen on the market. In
Germany, the kits have to go through an approval process and thus, general
validation can be assumed. However, they were never compared to each other. In
this study, 12 commercial PCR kits were compared to an OIE recommended
method. Samples representing different matrices, genome loads, and genotypes
were included in a panel that was tested under diagnostic conditions. The
comparison included user-friendliness, internal controls, and the time required. All
qPCRs were able to detect ASFV genome in different matrices across all genotypes
and disease courses. With one exception, there were no significant differences when
comparing the overall mean. The overall specificity was 100 % [95 % CI 87.66 - 100],
and the sensitivity was between 95 % and 100 % [95 % CI 91.11 - 100]. As can be
expected, variability concerned samples with low genome load. Concluding, all
tests were fit for purpose. The test system can therefore be chosen based on
compatibility and prioritization of the internal control system.

Keywords: African swine fever virus, laboratory diagnosis, commercial real-time
PCR, performance, sensitivity, specificity

1. Introduction

African swine fever virus (ASFV) is a large, enveloped, double-
stranded DNA virus. Its genome comprises 170-190 kbp with up to 167
open reading frames [1,2]. This virus is the only member of the Asfarviridae
family and the only known DNA arbovirus affecting vertebrates [1,2]. It is
the causative agent of the highly lethal hemorrhagic disease African swine
fever (ASF), that affects Suidae species of all breeds and ages. Outbreaks of
ASF result in severe socio-economic disturbances world-wide and can
endanger livelihoods under rural settings [3]. For this reason, the disease is
notifiable to the World Organization for Animal Health (OIE). Up to now,
24 genotypes have been described based on the variation of the p72 capsid
protein, encoded by the B464L gene located in the C-terminal region of the
genome [4-8].
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After its introduction to the European continent in 2007 via Georgia,
the disease spread north- and westwards, reaching Germany in 2020 [3,9].
Beyond, the virus also reached Asia in 2018, and Hispaniola in 2021 (OIE
WAHIS, visited online on December 18t 2021). The ASFV strains involved
in this pandemic belong to the p72 genotype II and show high virulence in
the vast majority of cases, inducing an acute form of ASF [3].

Despite the severe clinical presentation, most clinical signs are
unspecific and laboratory diagnosis is mandatory to confirm any clinical
suspicion [10]. In this context, the real-time polymerase chain reaction
(qPCR) provides a sensitive, specific and fast tool for the detection of ASFV
[11]. Several qPCR assays have been described in literature for detection of
ASFV and the reference laboratories follow the recommendation given by
the OIE or regional reference laboratories, e.g. the European Union
Reference Laboratory for ASF [11-14]. However, over the last few years and,
because of the daily new ASFV outbreaks, commercially available kits have
risen on the market, both on European level and globally. Within the EU,
the national reference laboratories (NRLs) have to ensure the quality of the
diagnostic tests and their adherence to international standards. Should
those commercial in vitro diagnostic kits be used in Germany in special,
approval is needed by the German Licensing Authority. Under these
circumstances, it can be assumed that the certified products are validated
and fit for purpose in general. However, a continuous and independent
assessment of these products is necessary to guide the implementation of
accurate tests in the ASFV diagnostic market, and to ensure that
stakeholders can make informed decisions.

The aim of this study was to compare and analyse the performance of
these commercially available and in the majority approved qPCR kits with
an assay recommended by the OIE [15]. In addition to the reliable
amplification of the target sequence, the main focus of this study, the
comparison also included user-friendliness, the robustness of the internal
controls and the time required. To this end, a panel reflecting different
sample matrices, ASFV genome loads, and genotypes was employed in a
diagnostic manner, i.e. in a single run approach with manual evaluation of
amplification curves, thresholds, and plausibility check.

2. Materials and Methods
2.2. Samples

The selection of specimens was made according to the following
parameters: (i) infection status of the host, (ii) disease course and genome
load, (iii) ASFV p72 genotype, (iv) sample matrix and, (v) host species. To
this end, a total of 207 samples (1 = 179 ASFV-positive; n = 28 ASFV-
negative), representing 18 p72 genotypes of ASFV were chosen. The
matrices included blood, different organs, swabs, and cell culture
supernatants. The diagnostic status of all samples was established prior to
carrying out the study, at the accredited German NRL for ASF by using
the methodology described elswere [9]. The detailed description of each
sample is listed in the Supplementary Material, Table S1.
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2.2.1. Field samples

One part of the samples (1 = 80; n =73 ASFV-positive; n =7 ASFV-
negative), named “field samples”, were specimens submitted by the local
authorities to the German NRL during the ASFV outbreak that occurred
in Germany, to confirm the positive status of the animals. The analysed
matrices were wild boar serum, blood, bloody swabs, bone marrow, and
spleen, as listed in Table S1. Most samples originated from carcasses and
were of low quality.

2.2.2. Animal trial samples to represent different genome loads

A second part of the samples (n = 87 ASFV-positive) originated from
experimentally-infected domestic pigs and wild boar at different
timepoints post infection with the moderately virulent genotype II ASFV
strain “Estonia 2014” [16]. The animal trial, described by Sehl et al. [17],
was approved by the competent authority (LALLF Rostock, Germany)
under reference number 7221.3-2-011/19. This sample set was composed of
organ material (lungs, tonsils and spleens) and blood, as listed in Table S1.

2.2.3. African swine fever virus p72 genotypes samples

The last part of the samples composing this study (n = 39 ASFV-positive)
were chosen depending on their p72 genotype. The sample set included
culture supernatants and, where available, experimental samples as
detailed below and in Table S1. The origin of these isolates is listed in
Table S2.

African ASFV isolates were kindly provided by Dr. Chris Netherton from
the Pirbright Institute, Pirbright, Great Britain, with the exception of ASFV
Kenya 1033 (genotype IX), which was generously provided by Richard
Bishop from the International Livestock Research Institute (ILRI) in
Nairobi, Kenya.

To obtain homogeneous sample matrices prior to performing the study,
all ASFV isolates were grown for 7 days on peripheral blood mononuclear
cells (PBMC) following the protocol described by Pietschmann et al. [18].
Exceptionally, the isolate ASFV “Kenya 1033” [19], which is adapted to
WSL-cells, was grown for 5 days on the respective cell line. All samples
were stored at -80 °C until further use.

In addition to cell culture grown viruses, organs from experimentally-
infected animals were chosen for this comparative study. These five
isolates [“RSA W1/99” (IV); “KAB 6/2” (XI); “MFUE 6/1” (XII), “SUM
14/11” (XIII) and “CHZT 90/1” (XIX)] were intramuscularly inoculated to
domestic pigs using 1 x 10* haemadsorbing units per mL. Organ samples,
listed in Table S1, were obtained at the endpoint of the trial, this being at
4- to 8-days post inoculation. The animal experiment was approved by the
competent authority (LALLF Rostock, Germany) under reference number
7221.3-2-011/19.

2.1. Viral DNA Extraction

Organ-based samples were first homogenized in 1 ml phosphate-buffered
saline with a 5 mm metal bead using a TissueLyser II (Qiagen® GmbH,
Hilden, Germany) at 30 Hz for 3 min before extraction was performed on
the resulting homogenate supernatant after brief centrifugation.

To assess the general performance of exogenous extraction controls
provided by the kit manufacturers, these were added to the lysis buffer
upon extraction of the sample panel representing different genotypes (n =
39 samples). Preliminary data produced during this study showed that
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simultaneously adding more than one exogenous control did not impact or
interfered with PCR performance (data not shown).

Viral nucleic acids from all samples were extracted using the routine
method of the German NRL for ASF, the NucleoMag VET kit (Macherey-
Nagel, Diiren, Germany) on the automated KingFisher 96 flex platform
(Thermo Fisher Scientific, Schwerte, Germany) according to the manufac-
turer’s recommendations. The study leading to the choice of the extraction
method is presented as Supplementary Material (Report S1).

2.3 Molecular assays

The study described here was aimed at comparing the performance of 12
commercially available ASFV real-time PCRs (ten with official certifica-
tion in Germany) with the OIE recommended protocol described by Ti-
gnon et al. [15]. The Tignon protocol is rather comparable with the
commercial kits in terms of amplicon length, probe and protocol design.
All qPCR assays targeted slightly different regions of the B464L gene
(encoding the p72 capsid protein).

Assay set-up and interpretation of each test results was carried out
following the manufacturer’s instructions (as per package information
leaflet) or the standard operating procedure of the accredited NRL (SOP
LAMO4ASP-1).

The kit specifications, including the internal control systems and protocol
specifications, are detailed in Table 1.

Table 1. Specifications and qPCR conditions of the used commercial kits
for ASFV DNA detection.

Volume of DNA
Estimated run  Pipetting

Protocol/ PCR kit Internal control eluates per test Cycles
time (CFX 96) steps
(u)
Endogenous
OIE Tignon et al. (2011) 5 45 2h 25 min* 5
(B-Actin)
Exogenous and
VirellaASFV seqc real
endogenous
time PCR kit, (Gerbion, 6 45 2h 18 min 2
(Succinate-Dehydro-
Kornwestheim, Germany)
genase)
VetMax™ ASFV Detection
kit (Thermo Fisher Scien- Exogenous 5 45 1h 48 min 2
tific, Lissieu, France)
ViroReal® Kit ASF Virus
(Ingenetix, Vienna, Aus- Exogenous 5 (1-8) 45 1 h 31 min 5

tria)
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Kylt ASF (AniCon Labor
Endogenous
GmbH, Holtinghausen, 4 42 1 h 40 min 2
(B-Actin)
Germany)
Virotype PCR kit (Indical, Endogenous
5 40 1h 43 min 2
Leipzig, Germany) (B-Actin)
Virotype ASFV 2.0 PCR Exogenous and
kit (Indical, Leipzig, Ger- Endogenous 5 40 1h2 min 2
many) (B-Actin)
ID Gene™ African Swine
Fever Duplex (Innovative Endogenous
5 40 1h 38 min 2
Diagnostics, Grabels, (housekeeping gene)
France)
Real PCR ASFV DNA Test
Endogenous
(IDEXX, Hoofddorp, 5 45 1 h 30 min 4
(swine DNA)
Netherlands)
VetAlert ASF PCR Test
Kit (Tetracore, Rockville,
Exogenous 5 45 1h 36 min 3
U.S.A.), not yet approved
in Germany
INgene q PPA (Ingenasa,
Exogenous 2 45 1h 16 min 4
Madrid, Spain)
Adiavet ASFV Fast Time
Endogenous
(Bio-X Diagnostics, 5 45 1h 8 min 2
(RNase P)
Rochefort, Belgium)
ID Gene™ African Swine
Fever Triplex (Innovative
Exogenous and
Diagnostics, Grabels, 5 40 1h4 min 2

endogenous
France), not yet approved

in Germany

*depending on the qPCR kit (polymerase) used

All PCRs were performed using a C1000™ thermal cycler with the
CFX96™ Real-Time System (Bio-Rad, Hercules, California). Real-time PCR
results were recorded as quantification cycle (Cq) values as determined by
the CFX Maestro software (Bio-Rad, Hercules, California).

Genome copy numbers in each sample were calculated in the CFX Maes-
tro software by using a dilution series of ASFV DNA. Briefly, to generate
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the ASFV standard, DNA from the ASFV isolate “Armenia08” cultured in
porcine macrophages was extracted using the QlAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s recom-
mendations. Subsequently, the DNA concentration was determined by
spectrophotometry using a Nanodrop 2000c (Thermo Fisher Scientific, Lis-
sieu, France) and the exact number of DNA molecules was calculated with
an online tool (http://www.molbiol.edu.ru/eng/scripts/01 07.html;
01.10.2020). Aliquots were stored at -20 °C and thawed not more than five
times.

2.3. Data analysis

Data was recorded and evaluated using Microsoft Excel 2010 (Microsoft
Deutschland GmbH, Munich, Germany). One-way ANOVA with Tukey
post hoc testing was used to compare numerical variables with normal
distribution. To determine the agreement between results obtained from
two different qPCR systems, i.e. the OIE recommended assay and a given
commercial kit, a comparison of the average differences of genome copies
was performed using the Bland—-Altman test [20]. The method considers
the two sample types to be in agreement if their results fall within the so-
called Limit of Agreement (LoA) interval. This interval was calculated
using the mean difference + 1.96 standard deviation (SD) of the genome
copies obtained using both gPCR systems.

Additionally, diagnostic sensitivity, specificity and precision of each
commercial kit were calculated. Briefly, sensitivity was calculated as the
percentage of true positives correctly identified in the total number of
positive samples; specificity as the percentage of true negatives correctly
identified in the total negative samples; and, precision as the percentage of
true positives correctly identified in the overall true positives and false
positives identified [21]. GraphPad Prism 9 (Graphpad Software Inc., San
Diego, CA, USA) was used for statistical analyses and graph creation.

3. Results

3.1. Comparison of kit handling and time requirements

The required pipetting steps for the commercial kits ranged from two to
five with more than two steps for the ViroReal® Kit ASF Virus (5), the Real
PCR ASFV DNA Test (4), the Ingene q PPA (4), and the VetAlert ASF PCR
Test Kit (3). Additional handling steps were mainly related to controls. The
volume of template DNA was 5 pl in the vast majority of kits. The Virella
ASFV seqc real time PCR kit requires 6 ul while the Kylt ASF kit and the
INgene q PPA require 4 and 2 pl, respectively. The ViroReal Kit ASF Virus
gives a range from 1 to 8 ul but was tested in this study with 5 pl.

With 40 to 45 PCR cycles, estimated run times on the CFX cycler ranged
from 1 h 2 min (Virotype ASFV 2.0) to 2 h 18 min (Virella ASFV seqc real
time PCR kit). All but one system had run times of considerably less than 2
hours. The five shortest protocols were Virotype ASFV 2.0 (1 h 2 min, 40
cyles), ID Gene™ African Swine Fever Triplex (1 h 4 min, 40 cycles), Adia-
vet ASFV Fast Time (1 h 8 min, 45 cycles), INgene q PPA (1 h 16 min, 45
cycles), and Real PCR ASFV DNA Test (1 h 30 min, 45 cycles).
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3.2 Evaluation of the agreement for viral genome detection

A total of 207 selected ASFV samples were analyzed in this crosssectional
study. Twelve different commercial gPCR methods and one OIE
recommended method as comparator were performed: Tignon et al.
(2011), VirellaASFV, VetMax™ ASFV Detection kit, ViroReal®Kit ASF
Virus, Kylt ASF, Virotype PCR kit, Virotype ASFV 2.0 PCR kit, ID Gene™
African Swine Fever Duplex, Real PCR ASFV DNA Test, VetAlert ASF
PCR Test Kit, INgene q PPA, Adiavet ASFV Fast Time, and ID Gene™
African Swine Fever Triplex.

Mean Cq values obtained with 11 out of 12 commercial gPCR assays did
not differ significantly from the OIE Tignon qPCR method (p > 0.05).
Nonetheless, statistically significant differences were obtained when com-
paring the OIE Tignon and ID Gene™ African Swine Fever Triplex (p =
0.03). In this latter scenario, a significantly lower Cq value was observed
in most of the analyzed samples, i.e. deviation to the better (Figure 1).

*
1
10+
. i
; ' ! &
; : ¢ i ! I
-l ? H i
2 i i ; ‘ t
¥ 3 g
P4 1 [ 1 i
i § i -
@ —_ § i H i f
4 —_1 _t_ H T : H } i
3 i1 - = i
3 — S i
S A
' i . H i
$ ' t :
40
N/A T \I T | e i R B I ==l
N Y S F & & &
& & & F & & QJL SRS o &S /\(\Q\
A ~ & & ) 00 & KO e Qo" 5
o AN ¢ & &
QL vp\" §

Figure 1: Distribution and variability of Cq values. Nucleic acid extracts from n =
207 samples were tested using 13 assays. The line in each plot represents the mean,
significance is indicated with an Asterix.

Further, the agreement between the OIE recommended method and each
of the commercial kits was evaluated using Bland-Altman Plots and point-
by-point comparison (see Supplementary Material, Figure S1). The bias,
i.e. the average discrepancy that could indicate a systematical difference,
was highest for the ViroReal® Kit ASF Virus (bias 0.62). This observation
coincided with wide limits of agreement and several samples outside the
limits (see Figure 2C). In this case, the point-by-point comparison showed
a high degree of variability with a trend to weaker detections in the Vi-
roReal® Kit, especially with samples of lower genome loads (see Table
S1). Manual in-detail comparison revealed that especially samples of gen-
otype X were detected with a distinct shift in Cq-values and correspond-
ing low genome copy numbers inferred from the standard (see Table S1).
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As represented in Figure 2 (A-L) and Figure S1, all other PCR assays
showed that samples ranging from 4 to 8 Log10 genome copies / per run,
showing a difference ranging from 0 - 2 mean + 1.96 SD Log10 genome
copies / run, do not exceed the LoA, considering that the two samples are
in agreement and the results obtained by any of these PCR assays are
comparable, hence being possible to use them interchangeably.

However, a general situation observed for samples below 4 Logi genome
copies / run was that both methods were not in agreement, and the real
genome copies / run value was under or overestimated, depending on the
sample when compared to our comparator (OIE recommended method).
In the overall of the tests, samples for which there is a lack of agreement
were those with very low genome copies (Figure 2 and Figure S1). It
should also be noted that qualitative differences in the result interpreta-
tion would not have happened for most of these discrepancies.

3.2 Evaluation of the internal control systems

All commerecial kits combined the detection of the ASF viral genome with
at least one internal control system to validate the results, especially if
negative. The OIE recommended assays uses an endogenous internal con-
trol (B-actin) that would account for both sample quality and inhibitors of
the PCR reaction. Of the commercial PCR Kkits, five contained an endoge-
nous internal control (ICe), four used an exogenous, i.e. heterologous in-
ternal control (ICh), and three offered two internal controls, one endoge-
nous, one exogenous/heterologous (see Table 1).

In general, detection of the ICe was successful in over 80 % of the analysed
samples. The OIE method gave a positive ICe result for 94 % of the sam-
ples while the commercial kits ranged from 80 % (Virotype ASFV 2.0) to
89 % (Kylt ASF and ID Gene ASF triplex). From the overall tested matri-
ces, bone marrow showed the lowest ICe detection, ranging from 10 to 25
samples with missing ICe detection, depending on the qPCR assays, as
depicted in Figure 3. Blood- and organ-based samples followed bone mar-
row remaining under the established cutoff (Figure 3).

The exogenous controls were only assessed with the sample set represent-
ing the different genotypes. On this sample set, the exogenous internal
control was detected in all samples, irrespective of genome load and sam-
ple matrix.
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Figure 2: Bland-Altman plots comparing the OIE method designed by Tignon et al. (2011) to commercially availa-
ble real-time PCR assays (A-L). The grey lines represent the bias between the test assays and the OIE method. The
grey dotted lines represent the limits (upper and lower) of agreements. The plots show differences between the ge-
nome copy numbers inferred from the standard as detected by the OIE method and the tested assays against the

average of the genome copy numbers detected.
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Figure 3: Comparison of endogenous internal control performance across the entire sample set. The overall number
of missing internal control detections is split into different sample matrices (the ones that showed the phenome-
non), i.e. blood, serum, swab, organ, and bone marrow. It has to be noted that high target amplification (ASFV ge-
nome) can lead to missing internal control amplification without impact on the validity of the PCR.

3.2. Sensitivity, Specificity and Precision

Diagnostic performance for all methods is presented in Table 2. Overall,
all qPCR assays showed high diagnostic accuracy for detecting ASFV in
positive animals and/or cell culture samples. There was no systematic in-
fluence by host type or sample matrix. As mentioned above, only one as-
say (ViroReal® Kit ASF Virus) showed a systemic problem with genotype
X that did, however, not impact on the diagnostic outcome in general
(mainly a shift in Cq values and inferred genome copy numbers was ob-
served).

For the evaluation of the diagnostic parameters sensitivity, specificity and
precision, the OIE method was considered together with all other PCRs.
The preset status of the sample was taken as standard.

In summary, this study could show that all tests showed high specificity
and precision (100%) while sensitivity differed between commercially
available assays, ranging from 95 % to 100% (see Table 2). According to
the highest sensitivity, VirellaASFV seqc real time PCR kit, VetAlert ASF
PCR Test Kit, Virotype ASFV 2.0 and, Adiavet ASFV Fast Time were the
most accurate tests. It has to be noted, however, that weak positive sam-
ples made the difference and that no repetitions were carried out to test
for random effects.
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Table 2: Sensitivity (Se) and Specificity (Sp) of the different kits, calculated
from all samples.

95% CI  95% CI 95% CI  95% CI
Kit name Se % . Sp % .
min max min max

OIE Tignon 9832 9526 99.66 100 87.66 100
Virella 100 97.96 100 100 87.66 100
VetMax™ 98.32 9526 99.66 100 87.66 100
ViroReal® 9944  96.94 99.99 100 87.66 100
Kylt 9553  91.74 98.14 100 87.66 100
Virotype 9497  91.11 97.79 100 87.66 100
Virotype 2.0 100 97.96 100 100 87.66 100
ID Gene™

9721  93.77 99.11 100 87.66 100
Duplex
Real PCR 98.88  96.07 99.87 100 87.66 100
VetAlert 100 97.96 100 100 87.66 100

INgene q PPA 9832  95.26 99.66 100 87.66 100

Adiavet 100 97.96 100 100 87.66 100

ID Gene Triplex | 97.77 94.5 99.4 100 87.66 100

Average 98.16  95.25 99.1 100 87.66 100

4. Discussion

African swine fever is a transboundary and notifiable animal disease
of high socio-economic importance which infects all members of the family
Suidae. In the absence of a vaccination or treatment option, rapid and relia-
ble diagnostic tools are of paramount importance for the confirmation of
clinical cases and thus early implementation of control measures [11]. In
this respect, qPCR has become the standard in many countries. Most of the
protocols reported so far target a region in the B646L gene (encoding the
p72 capsid protein). The present study was conducted at the German NRL
for ASF as part of its sovereign duties. In Germany, all tests used for the in
vitro detection of notifiable animal diseases have to be certified and qPCRs
must include an internal control. So far, ten different JPCRs have been cer-
tified and at least two more are in the process of licensing. All assays have
been approved over time but were never systematically compared.

During this work, all commercial gPCR assays certified by the German
Licensing Authority (n=10) and two additional assays were compared with
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an OIE recommended qPCR using samples from a wide range of matrices,
hosts and genotypes.

In general, almost all assays maintained an easy-handling workflow
that can be readily implemented in a routine diagnostic laboratory. None-
theless, it is remarkable to highlight, that kits with ready-to-use reagents,
low numbers of pipetting steps or easy opening as well as moderate input
volumes maintain human error within acceptable ranges and help avoiding
cross-contamination, thus providing more accurate and reliable results on
the longer run. This was particularly observed by all kits with only two pi-
petting steps and moderate input volumes (Virella ASFV seqc, VetMax™
ASFV, Kylt ASF, virotype ASFV and ASFV 2.0, ID Gene™ ASF duplex and
triplex, and Adiavet ASFV)

According to the data presented in this study no host or matrix influ-
ence was observed on the ASFV positivity of the qPCR results. Only one kit
(ViroReal® Kit ASF Virus) showed a shift in Cq values when detecting the
rather exotic genotype X. Overall, differences between the Cq values and
inferred genome copy numbers between tested kits were in line non-signif-
icant, except for the ID Gene™ African Swine Fever Triplex assay, which
showed a tendency of having lower Cq values (higher inferred genome
copy numbers) for almost all positively analysed samples.

All samples were extracted using the same protocol and, qPCR perfor-
mance did not seem to have been influence by this methodology. This play
as an advantage for the daily broad laboratory routine, since the assays can
be then integrated into the daily workflow, independently of the extraction
method. Nonetheless, it remains to be tested whether the lack of agreement
observed in samples with lower genome copies might have relied on the
extraction method or could have been prevented using only the extraction
methods recommended by the manufacturers. To this end, it would be de-
sirable to perform a follow up comparison with different extraction proto-
cols recommended by the manufacturers, exceeding the study that is pre-
sented in the supplementary material.

In addition to the target amplification, the internal control (IC) system of
each kit was evaluated. For accredited diagnostic laboratories, robust de-
tection of the internal control is of great importance, as this is the only way
to ensure the validity of negative results. In this context, an endogenous
internal control, usually a so-called housekeeping gene, is often preferred,
as only it allows a statement on the quality of the material used with regard
to the presence of host genetic material. Moreover, it does not require addi-
tion of a target to all samples and saves hands-on time [22]. Heterologous
internal controls are limited to detecting the PCR suitability of the material
with respect to inhibitory effects and to basically demonstrating a success-
ful extraction. However, they also work with almost cell-free samples and
are not reliant on the expression of the gene [23]. The latter can also be ad-
vantageous when dealing with samples of lower quality that is rather often
observed with samples from wild boar. From our own experience, how-
ever, we have to state that host DNA and thus endogenous internal controls
suffers from quality loss (much) earlier than amplification of the target se-
quence. The commercial PCR kits included in our study had different IC
systems: No problems in detection were observed with exogenous controls
in the sample set to which all heterologous controls were added in the ex-
traction step. As regards endogenous internal controls, eight out of thirteen
protocols included an endogenous internal control that could be evaluated.
On the chosen sample set with limited representation of negative speci-
mens, the internal controls did not fail in a single sample. However, higher
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variability with up to 20 % missing ICe detections was observed in the set
of positive samples. It must be noted, though, that the internal controls are
limited in favor of target amplification and thus fail when a particularly
large amount of viral genome is amplified. Considering this aspect, none of
the missing ICe detections would have led to invalidity of the PCR reaction
in a diagnostic setting and thus, all systems worked reliably.

When diagnostic key indicators were compared, comparable sensitiv-
ity, specificity and precision were determined for all PCR kits, with minor
variations. Weak positive samples may generate variability in the chosen
approach, i.e., a single diagnostic PCR run, which is random, i.e., had these
samples been repeated, they may have been detected in a different kit or
failed. That this phenomenon came into play could be inferred by compar-
ing the diagnostic sensitivities of the two virotype kits. Both systems am-
plify an identical target sequence and run for 40 cycles. It cannot be de-
duced that the slightly shorter, more complex system should have an actual
higher sensitivity. In some cases, the reduced input volume (4 pl vs 5 ul for
the Kylt ASF PCR) or the lower number of PCR cycles (40 vs 45) might have
led to the differences (ID Gene ASF assays). Overall, our results are in line
with findings by another NRL that used seven commercially available
qPCR kit for their comparison [24].

5. Conclusions

Commercial, at best certified qPCR kits with internal control systems
also offer laboratories that are not routinely involved in the establishment
and validation of diagnostic protocols the possibility to use reliable and
tested systems. We can demonstrate that all systems approved in Germany
are comparable to an OIE-recommended PCR assay and provide inter-
changeable results over a wide range of matrices, genotypes, and genome
loads.

Because of the crucial role that laboratory testing plays in surveillance
to guide animal health response and, the arise of diagnostic setups world-
wide, it remains vital to maintain regular monitoring assays performance
and comparison.

Supplementary Materials: The following are available online at
http://www.mdpi.com Table S1: Overview of all samples which were uses in this
study with the results of each PCR kit. Table S2: Details of representative ASF vi-
ruses used in this study. Report S1: Comparison of different extraction methods.
Figure S1: Point-by-point comparison of samples.

Author Contributions: Conceptualization, S.B., ].P., T.C., M.B.; methodology, M.E.,
P.D., KS, T.C. and J.P.; formal analysis, ].P., M.F., K.S,, S.B. and P.D.; investigation,
J.P, P.D., ML.E., and S.B.; resources, M.B. and S.B.; data curation, J.P.,, M.F., and P.D.;
writing—original draft preparation, J.P., K.S.; writing—review and editing, S.B.,
T.C. and M.B,; visualization, ].P., M.F., P.D., T.C. K.S. and S.B.; supervision, S.B. and
M.B.; project administration, S.B. and M.B.; funding acquisition, S.B. and M.B.; All
authors have read and agreed to the published version of the manuscript.

Funding: This publication is partly based upon work from COST Action 15116 ASF-
STOP supported by the European Cooperation in Science and Technology and was
partially funded by the FLI ASF research network.

Institutional Review Board Statement: In the animal experiment, all applicable an-
imal welfare regulations including EU Directive 2010/63/EC were taken into consid-


https://doi.org/10.20944/preprints202112.0320.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2021 d0i:10.20944/preprints202112.0320.v1

15 of 16

eration. The animal experiments were externally approved by the competent au-
thority (Landesamt fiir Landwirtschaft, Lebensmittelsicherheit und Fischerei
(LALLF) Mecklenburg-Vorpommern) under reference number 7221.3-2-011/19.

Data Availability Statement: The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to thank Robin Brandt and Ulrike
Kleinert involved in this study for their excellent technical work.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Alejo, A.; Matamoros, T.; Guerra, M.; Andres, G. A proteomic atlas of the african swine fever virus particle.
Journal of virology 2018, 92.

Andres, G.; Charro, D.; Matamoros, T.; Dillard, R.S.; Abrescia, N.G.A. The cryo-em structure of african swine
fever virus unravels a unique architecture comprising two icosahedral protein capsids and two lipoprotein
membranes. The Journal of biological chemistry 2020, 295, 1-12.

Gallardo, C.; Sanchez, E.G.; Perez-Nunez, D.; Nogal, M.; de Leon, P.; Carrascosa, A.L.; Nieto, R.; Soler, A,;
Arias, M.L.; Revilla, Y. African swine fever virus (asfv) protection mediated by nh/p68 and nh/p68
recombinant live-attenuated viruses. Vaccine 2018.

Galindo, I; Alonso, C. African swine fever virus: A review. Viruses 2017, 9.

Achenbach, J.E.; Gallardo, C.; Nieto-Pelegrin, E.; Rivera-Arroyo, B.; Degefa-Negi, T.; Arias, M.; Jenberie, S.;
Mulisa, D.D.; Gizaw, D.; Gelaye, E., et al. Identification of a new genotype of african swine fever virus in
domestic pigs from ethiopia. Transbound Emerg Dis 2017, 64, 1393-1404.

Bastos, A.D.; Penrith, M.L.; Cruciere, C.; Edrich, ]J.L.; Hutchings, G.; Roger, F.; Couacy-Hymann, E.; G, R.T.
Genotyping field strains of african swine fever virus by partial p72 gene characterisation. Arch Virol 2003,
148, 693-706.

Blome, S.; Franzke, K.; Beer, M. African swine fever - a review of current knowledge. Virus Res 2020, 287,
198099.

Boshoff, C.I.; Bastos, A.D.; Gerber, L.J.; Vosloo, W. Genetic characterisation of african swine fever viruses
from outbreaks in southern africa (1973-1999). Vet Microbiol 2007, 121, 45-55.

Sauter-Louis, C.; Forth, J.H.; Probst, C.; Staubach, C.; Hlinak, A.; Rudovsky, A.; Holland, D.; Schlieben, P.;
Goldner, M.; Schatz, J., et al. Joining the club: First detection of african swine fever in wild boar in germany.
Transbound Emerg Dis 2021, 68, 1744-1752.

Gallardo, C.; Nieto, R.; Soler, A.; Pelayo, V.; Fernandez-Pinero, J.; Markowska-Daniel, I.; Pridotkas, G,;
Nurmoja, I.; Granta, R.; Simon, A., et al. Assessment of african swine fever diagnostic techniques as a
response to the epidemic outbreaks in eastern european union countries: How to improve surveillance and
control programs. Journal of clinical microbiology 2015, 53, 2555-2565.

Tignon, M.; Gallardo, C.; Iscaro, C.; Hutet, E.; Van der Stede, Y.; Kolbasov, D.; De Mia, G.M.; Le Potier, M.F.;
Bishop, R.P.; Arias, M., et al. Development and inter-laboratory validation study of an improved new real-
time pcr assay with internal control for detection and laboratory diagnosis of african swine fever virus. |
Virol Methods 2011, 178, 161-170.

Fernandez-Pinero, J.; Gallardo, C.; Elizalde, M.; Robles, A.; Gomez, C.; Bishop, R.; Heath, L.; Couacy-
Hymann, E.; Fasina, F.O.; Pelayo, V., ef al. Molecular diagnosis of african swine fever by a new real-time pcr

using universal probe library. Transbound Emerg Dis 2013, 60, 48-58.


https://doi.org/10.20944/preprints202112.0320.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2021 d0i:10.20944/preprints202112.0320.v1

16 of 16

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

King, D.P.; Reid, S.M.; Hutchings, G.H.; Grierson, S.S.; Wilkinson, P.J.; Dixon, L.K.; Bastos, A.D.; Drew, T.W.
Development of a tagman pcr assay with internal amplification control for the detection of african swine
fever virus. | Virol Methods 2003, 107, 53-61.

Aguero, M,; Fernandez, J.; Romero, L.; Sanchez Mascaraque, C.; Arias, M.; Sanchez-Vizcaino, ].M. Highly
sensitive pcr assay for routine diagnosis of african swine fever virus in clinical samples. Journal of clinical
microbiology 2003, 41, 4431-4434.

Tignon, M.; Gallardo, C.; Iscaro, C.; Hutet, E.; Van der Stede, Y.; Kolbasov, D.; De Mia, G.M.; Le Potier, M.F.;
Bishop, R.P.; Arias, M., et al. Development and inter-laboratory validation study of an improved new real-
time pcr assay with internal control for detection and laboratory diagnosis of african swine fever virus. |
Virol Methods 2011, 178, 161-170.

Zani, L,; Forth, ].H,; Forth, L.; Nurmoja, I.; Leidenberger, S.; Henke, J.; Carlson, ].; Breidenstein, C.; Viltrop,
A.; Hoper, D, et al. Deletion at the 5'-end of estonian asfv strains associated with an attenuated phenotype.
Scientific reports 2018, 8, 6510.

Sehl, J.; Pikalo, J.; Schafer, A.; Franzke, K.; Pannhorst, K.; Elnagar, A.; Blohm, U.; Blome, S.; Breithaupt, A.
Comparative pathology of domestic pigs and wild boar infected with the moderately virulent african swine
fever virus strain "estonia 2014". Pathogens 2020, 9.

Pietschmann, J.; Guinat, C.; Beer, M.; Pronin, V.; Tauscher, K.; Petrov, A.; Keil, G.; Blome, S. Course and
transmission characteristics of oral low-dose infection of domestic pigs and european wild boar with a
caucasian african swine fever virus isolate. Arch Virol 2015, 160, 1657-1667.

Hiibner, A.; Petersen, B.; Keil, G.M.; Niemann, H.; Mettenleiter, T.C.; Fuchs, W. Efficient inhibition of african
swine fever virus replication by crispr/cas9 targeting of the viral p30 gene (cp204l). Scientific reports 2018, 8,
1449.

Bland, J.M.; Altman, D.G. Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet 1986, 1, 307-310.

Greiner, M.; Gardner, I.A. Epidemiologic issues in the validation of veterinary diagnostic tests. Prev Vet Med
2000, 45, 3-22.

Wang, Y.; Xu, L.; Noll, L.; Stoy, C.; Porter, E.; Fu, J.; Feng, Y.; Peddireddi, L.; Liu, X.; Dodd, K.A., et al.
Development of a real-time pcr assay for detection of african swine fever virus with an endogenous internal
control. Transbound Emerg Dis 2020.

Hoffmann, B.; Depner, K.; Schirrmeier, H.; Beer, M. A universal heterologous internal control system for
duplex real-time rt-pcr assays used in a detection system for pestiviruses. | Virol Methods 2006, 136, 200-209.
Schoder, M.E.; Tignon, M.; Linden, A.; Vervaeke, M.; Cay, A.B. Evaluation of seven commercial african
swine fever virus detection kits and three taq polymerases on 300 well-characterized field samples. | Virol

Methods 2020, 113874.


https://doi.org/10.20944/preprints202112.0320.v1

