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Real-Time PCR Confirms Infection with Lagovirus europaeus
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Featured Application: Our experience with real-time PCR, together with several different studies
in this field show that this is a very useful method for rapid, specific and effective virus detection.

Abstract: Lagovirus europaeus G1.1/GI.2 is an etiological agent causing the highly dangerous rabbit
hemorrhagic disease (RHD). Molecular research is the basic tool today that can help solve epidemic
problems related to the expansion of pathogens in the world. By using the real-time polymerase
chain reaction technique (PCR), we detected three different strains of Lagovirus europaeus/Gl.1, which
is an RNA virus infecting mainly rabbits. The results showed that the method used was fast, very
specific, and effective.

Keywords: rabbit hemorrhagic disease; real-time PCR; Lagovirus europaeus; RHDV- rabbit haemor-
rhagic disease virus

1. Introduction

Lagovirus (L.) europaeus G1.1 and GI.2 is an etiological agent that causes a severe and
highly lethal disease—RHD (rabbit hemorrhagic disease) [1]. The problems posed by the
spread of this virus around the globe concern not only economic considerations, in the case
of countries whose economies are based on the rabbit industry, but also the negative impact
of the virus on the environment [2,3]. In addition, the interest in L. europaeus is influenced
by the fact that it is a model in the study of the variability of a whole range of RNA
viruses, which are common pathogens in animals. The basic element necessary to start
fighting any pathogen is its effective diagnosis. Nowadays, the most respected molecular
methods are definitely leading the way. One of the most commonly used methods is the
real-time polymerase chain reaction technique—real-time PCR [4]. This method is one
of many modifications of the classical PCR reaction and is characterized by the use of a
fluorescent dye that allows the analysis of product growth by following the quantitative
measurement of the excited fluorescence [4]. In this method, a logarithmic increase in the
level of fluorescence is considered a positive result, which determines the increase in the
product [4]. Thanks to this method, it is possible to detect small amounts of viral particles,
which would be unattainable in the case of classical PCR. An additional advantage is that
the method enables both quantitative and qualitative analysis of the material, which makes
it possible to significantly shorten and simplify the procedure [4].

L. europaeus is a virus belonging to the genus Lagovirus within the family Caliciviridae,
which is formed by non-enveloped ssRNA (+) viruses [5]. Within the GI genogroup, the
GIL.1 and GI.2 genotypes are distinguished, with four variants (a—d) observed in GI.1 [6].
The first mentions of the L. europaeus GI.1 virus appeared in 1984 in China [7]. Due to the
fact that the virus was characterized by a high level of mortality and a significant pace of
expansion, its range became global in a relatively short time [1]. In 1997, the L. europaeus
Gl.1a virus was identified in Italy. Its antigenic features were significantly different from
the previously isolated strains, and on this basis, it was considered the first antigenic
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variant of rabbit hemorrhagic disease virus [8]. The presence of this pathogen was then
confirmed in many places around the world, where it usually tended to displace strains
belonging to other genogroups from the environment [9]. The appearance of the new virus
L. europaeus GL.2 was first recorded in France in 2010, among both individuals vaccinated
and not vaccinated against L. europaeus GI.1, showing symptoms typical of RHD [10]. In
a short time, this factor was recognized in many countries, where it usually tended to
displace strains belonging to the GI.1 genogroup from the environment [2].

A single virus particle is a non-enveloped structure of 35-40 nm. Viral ssRNA (+) is
presented as two overlapping reading frames (ORF), and its size is approximately 7.5 kb [1].
The virion also shows the presence of 2.2 kb subgenomic RNA [1]. The ORF1 frame is
located at the 5" end and encodes a 257 kDa polyprotein, from which the proteins VP60,
P16, P23, and P29 are formed as a result of the action of proteases. On the other hand,
the ORF2 frame is at the 3’ end and encodes the VP10 protein [1]. The viral capsid has
90 dimers of the VP60 protein, forming 32 wells. This protein consists of two domains
called S and P. Additionally, the P domain is divided into the P1 subdomain and the P2
subdomain, which forms the most advanced part of the capsid [1]. Moreover, six regions
(A-F) have been described that show exceptionally strong genetic variation among the
isolated strains [11]. It was described that the F region influences the ability of the strains
to hemagglutinate, as well as the C and E regions, which are assigned the highest degree of
genetic variability. This is confirmed by the fact that host antibodies react with epitopes
located in the P2 subdomain, and therefore evolutionary genetic diversity results in the
emergence of strains with different antigenicity [12].

2. Real-Time PCR in Lagovirus europaeus GI.1 and GI.2 Studies

Real-time PCR is a routine diagnostic tool in L. europaeus GI.1 and GI.2 infection [4].
Le Gall et al. [13] were one of the first research teams to use real-time PCR in the diagnosis
of L. europaeus GL.1. The analysis of the obtained results revealed 100% sensitivity of the
method, and the possibility of detecting 10 copies of the virus per well and linearity in the
range of 10! to 10'” copies [13]. The usefulness of real-time PCR was noticed by Nystrém
et al. [14], who used this method to analyze the differentiation of HBGA (histo-blood group
antigen binding capacity) among strains showing different pathogenicity to confirm the
presence of viral RNA in the liver of experimentally infected rabbits. The potential of
real-time PCR has also been verified by NiedZwiedzka-Rystwej et al. [4], who in their
studies determined the specificity of virus detection in the livers of rabbits, experimentally
infected with L. europaeus GI.1 17 strains, showing different biological characteristics such
as antigenicity, hemagglutination capacity, and induced mortality. It was reported that real-
time PCR was also used by Liu et al. [15], who analyzed the distribution of the virus (strain
XA/2010 L. europaeus GI.1) at various sites in infected rabbits. In this study, the liver, heart,
trachea, spleen, kidneys, lungs, small intestine, and body fluids (urine, saliva, and intestinal
contents) were subjected to the presence of viral RNA. Analysis of the results revealed that
the most copies of the virus were in the spleen, while the smallest amounts were found
in the small intestine. So far, it has been found that four different lagoviruses circulate in
Australia, of which three are in the GI.1 group. Thus, there was a need to develop a test to
detect all of these factors, which is why Hall et al. [16] described a highly specific real-time
PCR. The method validation revealed that the developed tests allow for wide and effective
detection of all lagoviruses circulating in Australia, and for determination of the number of
viral copies in the gastrointestinal tract with high accuracy, thus confirming the high utility
of real-time PCR in virological research [16].

The appearance of L. europaeus GI.2 virus in 2010 was associated with the need to
develop a rapid and effective diagnostic method. Identification of this factor has proved
to be a key tool in limiting the occurrence of epizootics. Thus, Duarte et al. [17] proposed
using real-time PCR for this purpose, which allows detection of the presence of L. europaeus
GIL.2 strains in less than three hours. Analysis of the obtained results showed that only
nine viral RNA molecules were detected, and the average viral load was 1.5 x 107 virus
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copies in 1 mg of tissue [17]. The obtained results were also used for the phylogenetic
analysis of L. europaeus GL.2. It was found that despite the detection of the virus in 2016,
it had already circulated in the environment in 2013; however, its identification had not
been possible without the use of molecular methods [18]. RHD epidemiological studies
are an important point in monitoring the current situation. Calvete et al. [19] conducted a
study using real-time PCR, which showed the presence of the virus in the found corpse
of a Mediterranean vole (Microtus duodecimcostatus) and two shrews (Crocidura russula).
Therefore, it has been shown that within L. europaeus GI.2 there may be passive transmission
of the virus to non-Lagomorpha species [19].

In this work, we use the real-time PCR method in the qualitative diagnosis of Lagovirus
europaeus Gl.1 strain 237 /04, Lagovirus europaeus Gl.1a strain 72V /2003, and recombinant
strain Hartmannsdorf. Reassessing the effectiveness of this method seems to be necessary
in view of the increasing spectrum of RHD-inducing factors. In our research, we have
confirmed that real-time PCR is a quick and effective diagnostic method for pathogens
causing RHD.

3. Materials and Methods
3.1. Experiment

In the experiment, we used liver tissue from rabbits, which died as a result of infec-
tion under experimental conditions with strains 237/04 (isolated in Austria, year 2004;
GeneBank Accession no. MN218435), 72V /2003 (isolated in Hungary, year 2003; GeneBank
Accession no. MN218434), and Hartmannsdorf (isolated in Germany, year 1996; GeneBank
Accession no. EF558586) of L. europaeus GIL.1. The experiment was conducted in order to
perform several immunological tests to measure the immunological status of the infected
animals, published in [20-22]. All studies were conducted with the approval of the Local
Ethics Committee for Experiments on Animals in Poznan (license no. 1/2009).

3.2. Isolation of Viral RNA

The tissue obtained was made a homogenate in a ratio of 1:3 with PBS (Phosphate
Buffered Saline), and then total RNA was isolated from the prepared material using the
Total RNA mini kit (A&A Biotechnology, Gdynia, Poland) according to the manufacturer’s
instructions. The RNA obtained in this way was stored at —80 °C and then used for reverse
transcription reaction.

3.3. Reverse Transcription (RT) Reaction—cDNA Synthesis

The complementary nucleic acid (cDNA) strand was obtained by reverse transcription
on an RNA virus matrix. The reaction was carried out using a Transcriptor First Strand
c¢DNA Synthesis Kit (Roche, Basel, Switzerland) according to the protocol developed by
the manufacturer.

3.4. Real-Time PCR

The qualitative real-time PCR reaction was carried out using the primers designed
previously [23,24], namely F (5-AAATAgTggg ACTKCAACCAGTACCT-3') and R (3'-
ggAgATRggg TTgTCRAYTgCAgAC-5'), as well as the Light Cycler FastStart DNA Master
SYBR Green I kit (Roche, Basel, Switzerland). The following temperature-time profiles were
used: pre-denaturation —95 °C/10 min., amplification/10 min.—40 cycles, denaturation
—95 °C/10 min., annealing of primers —64 °C/10 sec., elongation —72 °C/7 sec. Analysis
of melting curves: denaturation —95 °C/5 sec., annealing of primers —65 °C/15 sec.,
melting -95 °C, and cooling —40 °C/30 sec. No template control was performed. During
incubation in the thermocycler, fluorescence changes were observed and the melting curve
analyzed to determine the specificity of the reaction.
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4. Results

Exponential increase in fluorescence was considered to be a positive result of the
qualitative real-time PCR reaction (Figure 1). Analysis of the data obtained, which is
presented in Table 1, showed that the Ct value, determining the reaction cycle in which the
fluorescence emitted during amplification enters the logarithmic growth phase, occurred
in the 18-24 reaction cycle for strain 237/04, the 17-19 cycle for strain 72V /2003, and the
18-22 cycle for strain Hartmannsdorf. In addition, the specificity of the analyzed products
was confirmed by assessing the melting curves of the product (Figures 2 and 3). Analysis of
the obtained values for the melting temperature (Tm) for all the strains showed that these
results are similar because their divergence fluctuates in the range of Tm = 87.32-87.72 °C.
Similar Tm values in all samples exclude the possibility of a false result due to the formation
of non-specific reaction products. Figure 4 shows the percentage distribution of the Ct
values obtained in all the analyzed samples, confirming the small spread of the obtained
values (mainly between cycles 18 and 20) and the clarity of the products.

Table 1. Tm and Ct of 237/04, 72V /2003, and Hartmannsdorf viruses in infected livers, detected by
real-time PCR.

Strain Sample Number Result Tm (°C) Ct
1 + 87.51 24.57
2 + 87.52 19.78
3 + 87.55 19.95
237/04
4 + 87.56 18.05
5 + 87.60 18.78
6 + 87.59 19.00
1 + 87.32 19.04
2 + 87.42 18.06
3 + 87.38 19.71
72V /2003
4 + 87.63 16.68
5 + 87.47 17.59
6 + 87.38 17.74
1 + 87.35 22.54
2 + 87.54 19.85
3 + 87.63 21.38
Hartmannsdorf
4 + 87.48 18.27
5 + 87.43 18.63
6 + 87.72 19.52

Legend: Tm: melting temperature, Ct: cycle threshold.
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Figure 1. Exemplary amplification curve of real-time PCR obtained for L. europaeus GI.1 on the example of strain 72V /2003
(red curve: sample 1, blue curve: sample 2, green curve: sample 3.).
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Figure 2. Exemplary result of real-time PCR obtained for L. europaeus GI.1 on the example of strain 72V /2003 (red curve:
sample 1, blue curve: sample 2, green curve: sample 3).
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Figure 3. Exemplary analysis of melting curves and temperature for L. europaeus GL.1 on the example of strain 72V /2003
(red curve: sample 1, blue curve: sample 2, green curve: sample 3).
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Figure 4. Percentage distribution of Ct values.

5. Discussion

The real-time PCR method is a technique that successfully replaces classic PCR in
virological research. Due to its high efficiency and the possibility of quantifying a small
number of viral particles, it is widely used in research on L. europaeus, including its diag-
nostics [25]. The list of primers used in published analyses using the real-time PCR method
is presented in Table 2.
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Table 2. Characterization of primers used in real-time PCR in L. europaeus GI.1 and GI.2 studies.

Primer

Genogroup

Reference

vp60-7_for—ACYTGACTGAACTYATTGACG
vp60-8_rev—TCAGACATAAGAAAAGCCATT GG

RHDV-P33(F)—CCACCACCAACACTTCAGGT
RHDV-P34(R)—CAGGTTGAACACGAGTGTGC

RHDV-RT2-fw—ACCCAGTACGGCACRGGCTCCCAACCAC
RHDV-RT2-rv—CTATCTCCATGAAACCAGATGCAAAGG

forward primer—TCTGTCGTCAGGCGCACC
reverse primer—GACGAGTAGTTGTTGAGCGAAAG

forward primer—ACYTGACTGAACTYATTGACG
reverse primer—TCAGACATAAGAAAAGCCATTGG

forward primer—ACCCAGTACGGCACRGGCTCCCAACCAC
revers primer—CTATCTCCATGAAACCAGATGCAAAGG

forward primer—GTTGTATTCGGGCAACCGGAAG
revers primer—CTATGGAACACAAGCAAACATCACCA

forward primer—GGTTGTTTATGGTGCCTGTAA
revers primer—GCACAAATTACCTTGTCCCAAAAGTTT

forward primer—ACCCAGTACGGCACRGGCTCCCAACCAC
reverse primer—CTATCTCCATGAAACCAGATGCAAAGG

VP60-D-Is—GTTCCCACACTGGTCCTTAG
VP60-D-Ia—GTGAGGACTGGGGTCGTGAG

GI_qRTPCR_Fw—TTGACRTACGCCCTGTGGGACC
GI_qRTPCR_Rv—TCAGACATAAGARAAGCCATTRGYTG

Gl.1a-Aus_fwd—GCGTGGCATTGTGCGCAGCATCGI.1a-Aus_rev—
TGTTGGTGATAAGCCATAATCGCG

GlL1c_fwd—AGCAAGACTGTTGACTCAATTTCG
GIL.1c_rev—AGGCCTGCACAGTCGTAACGTT

GlL.1a-K5_fwd—TTTATAGATGTATGCCCGCTCAAC
GlL.1a-K5_rev—CCGTTCGAGTTCCTTGCGGACG

RHDVXa2010-F1—GCACCCGGCAGTATTCTC
RHDVXa2010-R1—CCCAGCCAGCGTACATCTG

GI1

[13]

[26]

[27]

[14]

[4]

(28]

RHDV2-F—TGGAACTTGGCTTGAGTGTTGA
RHDV2-R—ACAAGCGTGCTTGTGGACGG

RHDV2 F1—GTCGTCTCGGTAGTACCTG
RHDV2 R1—GTTGCCTGTCGGGTGGTAC

RHDV2 F2—ACAATTCCCTCATGTTGTCATTG
RHDV2.R2—GGGTTGTCAGCTGCAGACC

RHDV2.3F—GCGGTTTGCCGCCATTGAC
RHDV2.3R—GTTAGCTGAACCGGCCTCAG

RHDV24F—CAGCCAAACAGGATTGTCAATG
RHDV2.4R—CCTGCAAGTCCCAATCCAAC

27F—CCATGCCAGACTTGCGTCCC
986R—AACCATCTGGAGCAATTTGGG

717F—CGCAGATCTCCTCACAACCC
RC10R—GCGCCTGCAAGTCCCAATCC

RHDVbf—GACCACGACAGAGGTAACGC
RHDVbr—TGTCAGCTGCAGACCCG

Gl.2

[31]

[32]
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Table 2. Cont.

Primer Genogroup Reference

RHDV2 F1—GTCGTCTCGGTAGTACCTG
RHDV2 R1—GTTGCCTGTCGGGTGGTAC

RHDV2.F2—ACAATTCCCTCATGTTGTCATTG
RHDV2 R2—GGGTTGTCAGCTGCAGACC

RHDV2.3F—GCGGTTTGCCGCCATTGAC
RHDV2.3R—GTTAGCTGAACCGGCCTCAG

RHDV2.4F—CAGCCAAACAGGATTGTCAATG
RHDV2.4R—CCTGCAAGTCCCAATCCAAC

forward primer—TCCAGATGGTTTYCCTGACATG
reverse primer—GCGGTAGGGARGGTGYTG

GI_gqRTPCR_Fw—TTGACRTACGCCCTGTGGGACC
GI_gqRTPCR_Rv—TCAGACATAAGARAAGCCATTRGYTG

[33]

GIL.1and GI.2 [35]

One of the first research teams who used real-time PCR in the diagnosis of L. europaeus
GI.1 virus was Le Gall et al. [13], who developed a highly specific real-time PCR method.
These studies were then based on the analysis of 13 strains responsible for the RHD
outbreaks in Germany in 1989-2004. The analysis of the obtained results revealed 100%
sensitivity of the method and the ability to detect as many as 10 copies of the virus per well,
as well as linearity in the range of 10! to 10'° copies [13]. In routine diagnostics, real-time
PCR was used by Hanan et al. [36] to diagnose the presence of the virus in 19 liver samples
collected from rabbits from three Egyptian provinces (Giza, Kalubia, and Kafr-El-Sheikh).
The analysis used specific primers developed in 1995 by Vende et al. [26], based on the
gene encoding the VP60 protein. The analysis of the results showed that real-time PCR
is a highly efficient and effective method for diagnosing L. europaeus GI.1 infections [36].
Fitzner et al. [37] decided to perform a comparative analysis of the results obtained by
conventional PCR and real-time PCR in the diagnosis of infection in the livers of rabbits
experimentally infected with 26 strains of L. europaeus GI.1. Analysis of the obtained
results revealed linearity ranging from 10! to 10'° copies, which was consistent with the
expected values. The high efficiency of the technique was confirmed, as well as a high
sensitivity, because it was possible to obtain a positive result using a fivefold dilution of the
tested material. The potential of real-time PCR was also verified by NiedZwiedzka-Rystwej
et al. [4], who in their research determined the specificity of the virus detection in the livers
of rabbits experimentally infected with 17 strains of L. europaeus GI.1, showing different
biological characteristics such as antigenicity, hemagglutination capacity of the strain, and
induced mortality level. In the tests, the result indicating the presence of the virus in the
sample was evidenced by the increase in fluorescence generated by the use of SYBRGreen
dye, while the specificity of the reaction was confirmed by the analysis of the melting
point of the products, which ranged from 87.23 °C to 87.65 °C. Thus, it was confirmed
that real-time PCR is a highly effective method for the assessment of infection caused
by L. europaeus Gl.1 with different biological properties [4]. Interesting research using
real-time PCR was conducted by Matthaei et al. [28], who compared the replication of
the virus in young rabbits experimentally infected with two strains (Czech and Korean)
which have been recognized as having potential utility in reducing the abundance of
Oryctolagus (O). cuniculus in the environment. In the study, real-time PCR analysis was
performed using the fluorescent SYBRGreen dye and primers specific for both strains.
Thanks to the conducted study, it was possible to determine that the material derived from
rabbits infected with the L. europaeus Gl.1a strain contained twelve times more virus than
in the CAPM V-351 strain [28]. Real-time PCR was also used by Elsworth et al. [29] in
studies on the change in the level of virulence (mortality rate, disease duration, number of
progeny virions propagated in the host) of four L. europaeus GI.1 isolates circulating in the
natural environment in Australia since 2006. In the studies, it was shown that the analyzed



Appl. Sci. 2021, 11, 656

9of 12

samples contained at least 2.5 x 108 copies of the virus, which confirms the high sensitivity
of the method used [29]. Beneviedes et al. [38] optimized the real-time PCR method in
2015 with the aim of introducing it as a routine diagnostic measure in the Azores. Thus,
its repeatability, reproducibility, specificity, and limit of detection were determined. The
performed analysis showed that the reaction efficiency was 94.5% [38]. Real-time PCR was
also used by Liu et al. [15], who analyzed the distribution of viral particles of the XA /2010
L. europaeus GI.1 strain in various parts of the organism in infected rabbits. The analysis
revealed that the spleen contained the largest amounts of the virus, while the smallest
amounts were found in the contents of the small intestine [15].

The appearance of L. europaeus GI1.2 in 2010 was associated with the need to develop
a quick and effective diagnostic method. The identification of this factor has proved to
be a key tool to limit the emerging epizootics, due to the ineffectiveness of the commonly
used vaccines against the GI.1 group. Thus, Duarte et al. [17] proposed the use of real-time
PCR, which enables the detection of L. europaeus GIL.2 strains in less than three hours. The
analysis showed that the applied real-time PCR is a highly specific and sensitive diagnostic
method, as only nine viral RNA particles were detected, and the average viral load was
1.5 x 107 virus copies in 1 mg of tissue [17]. The application of this method allowed for
the diagnosis of L. europaeus Gl.2 infection among dead rabbits found on the islands of
Garciosa, Flores, Sao Jorge, and Terceir. The conducted tests of samples taken from the
livers and lungs showed an increased viral load, which amounted to 1.5 x 108 in 1 mg of
tissue, but this was explained by an error resulting from the dehydration of the corpses or
the age of the examined individuals [39]. Real-time PCR was used by Neimanis et al. [18],
thanks to which the presence of L. europaeus GI.2 virus was confirmed in Sweden. The
obtained results were also used for the phylogenetic analysis of L. europaeus Gl.2, and it
was possible to state that despite the presence of the virus in 2016, it had already been
circulating in the environment in 2013, but its identification had not been possible without
the use of molecular methods [18]. Epidemiological research on RHD is an important point
in monitoring the current situation. Calvete et al. [19] carried out studies using real-time
PCR, which showed the presence of the virus in the found carcasses of Mediterranean
voles (Microtus duodecimcostatus) and in two specimens of shrews (Crocidura russula). Thus,
it has been shown that within L. europaeus Gl.2, there can be passive transmission of the
virus to species beyond the Lagomorph order [19]. The appearance of the L. europaeus
GIL.2 virus caused a great deal of confusion in many countries, making it necessary to
monitor the evolution and spread of this pathogen in wild populations. For this reason,
Camacho-Sillero et al. [34] conducted an analysis to assess the picture of the RHD epidemic
caused by GI.2 strains in southern Spain in 2013-2017. The analysis of the obtained results
showed that the GI.2 strains predominate in the study area, which in turn confirms the
usefulness and efficiency of the real-time PCR method in epidemiological analyses [34].

The wide application possibilities of real-time PCR in multidirectional research on
L. europaeus GI.1 and GI.2 certainly confirm the advantages of this method. Nevertheless,
it has serious limitations. A definite disadvantage of this method is the use of expensive
specialized equipment, without which it is impossible to carry out the reaction. The
preparation of the sample itself can be tedious as well. Moreover, in real-time PCR, PCR
product increases exponentially and variation increases with cycle number [40]. In some
cases, overlapping of the emission spectra can be observed, causing an increased risk of
false negative results [40]. Currently, more methods are available that allow for the rapid
diagnosis of pathogen infection, such as reverse transcription loop-mediated isothermal
amplification (RT-LAMP) and clustered regularly-interspaced short palindromic repeats
(CRISPR) [41], so you should consider limiting the use of real-time PCR for other analyses
not necessarily aimed at diagnostics. Real-time PCR is a very sensitive diagnostic method
and therefore false-positive results may be obtained when testing vaccinated rabbits.
Calvarho et al. [31] conducted an experiment in which they detected RNA from vaccines
using real-time PCR. The obtained results revealed that RNA vaccine becomes undetectable
15 days after inoculation, which is a very important aspect when interpreting the results of
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diagnostic analyses. Simultaneous occurrence of various L. europaeus viruses, including
group GI.2, as well as their recombinants, is observed in many places. Pay special attention
to the current epidemiological situation to avoid false results due to primers of inadequate
specificity. For this reason, Dalton et al. [32] developed a real-time PCR method for effective
diagnostics of all circulating lagoviruses. In order to design primers, 66 partial sequences of
the L. europaeus G1.2 VP60 protein were compared, which were obtained from the GenBank
database. In Australia, L. europaeus GI.1 is a widely used biological control agent for
the European rabbit population, which in this area is considered a pest that adversely
affects both the environment and agriculture. So far, it has been found that four different
lagoviruses circulate in Australia, three of which belong to the GI.1 group: CAPM V-351,
Gl.1a-K5, and Gl.1a-Aus. Thus, there was a need to develop a test that detects all these
factors, which is why Hall et al. [16] described a specific real-time PCR test to differentiate
the circulating strains. Specific primers dedicated to individual viruses were developed
using the sequences encoding the VP60 and RdRp genes [16].

6. Conclusions

In our research we confirmed the effectiveness of real-time PCR in the analysis of
L. europaeus GL1. Real-time PCR is a very attractive method that can be used not only for
a quick diagnosis of a disease factor, but also in the entire spectrum of tests, the effects
of which allow us to learn about previously unknown aspects of infection, as well as
prevention and applied therapeutic measures. However, note that this method also has
limitations. Very high sensitivity of the reaction can cause false results, therefore real-time
PCR requires careful optimization of the reaction and people who interpret the results
must demonstrate great experience. Moreover, in the studies of L. europaeus GI.1 and GI.2,
particular attention should be paid to the selection of appropriate primers, depending
on the expected results. The use of non-specific primers can also affect the false results
of analyses.
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