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Aleutian disease is one of  the most serious disease entities affecting mink farms. The 
disease causes signifi cant economic losses in mink breeding countries. The aim of  the 
study was to optimize a diagnostic test based on duplex PCR to enable detection of  
Aleutian disease virus in biological and environmental samples. 
Blood (n = 40) and spleen (n = 40) samples from animals with suspected infection, and 
swabs from cages in which infected animals were kept (n = 20) were used for analysis. 
DNA was isolated from the samples, followed by optimization of  the duplex PCR 
reaction targeting sequences coding NS1 and VP2 proteins. The qPCR method was 
used to determine the sensitivity of  the reaction. The specifi city of  the analysis was 
confi rmed by the sequencing results.
Optimized duplex PCR enabled detection of  Aleutian Mink Disease Virus (AMDV) 
genetic material in biological and environmental samples. Testing of  the sensitivity of  
the method indicated clear amplifi cation for both primer pairs at 102 copies of  viral 
DNA in a reaction. Sequencing confi rmed the specifi city of  the reaction, which in the 
case of  both primer pairs indicated an over 90% agreement between the isolates and the 
variants of  the virus from the databases.
The use of  duplex PCR to detect two regions of  the AMDV genome may increase the 
sensitivity and specifi city of  the method and signifi cantly expand the possibilities of  
further analysis based on sequencing. 

Keywords: Aleutian disease, diagnostics, duplex PCR, optimization

INTRODUCTION

Aleutian Mink Disease Virus (AMDV) has been known since the mid-1950s and 
remains one of  the main causes of  health problems on mink farms. The disease takes 
a varied course, from asymptomatic infections to subclinical infections to progressive 
infections [1,2]. AMDV stimulates the host lymphocytes to overproduce plasma 
cells and antibodies, which is why Aleutian disease is also called plasmacytosis. In 
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consequence, antibodies and virions form complexes which are deposited in tissues, 
leading to infl ammation of  the target organs, such as the kidneys, liver and lungs. 
In addition to high pre-weaning mortality rates, the pathogen reduces fecundity 
in females and thus breeding effi ciency [3]. Despite attempts to develop specifi c 
immunoprophylactic methods and drugs [4,5], there is still no effective treatment for 
Aleutian disease.
The high level of  molecular polymorphism of  the pathogens is one of  the main 
reasons for the failure of  diagnostic techniques and immunoprophylactic measures. 
The mutating virus can change its antigenic structure, making serological diagnostics 
diffi cult [6]. Mutations can alter the antigenicity of  a protein, which may lead to vaccine 
failure and to the loss of  the ability to detect the virus in serologic tests [7].
There are methods based on the amplifi cation and further detection of  viral DNA 
enabling more sensitive diagnostics [6]. However, molecular methods are also subject 
to a lack of  specifi city resulting from the high variability of  the pathogen. Potential 
presence of  mutations within the primer or probe-binding sites prevent annealing, 
amplifi cation and subsequent detection of  viral genetic material [8,9]. Therefore, 
despite its high sensitivity and specifi city, the PCR method may give false negative 
results, due to a low viral titer in the test sample or to polymorphisms at the primer 
annealing sites. 
AMD virus, similarly to other parvoviruses [10], displays high mutation rate, which 
may hindered diagnostics by PCR and lead to failure in diagnostics. Therefore it is 
necessary to search for the alternative solutions, which can enhance the sensitivity 
of  the diagnostics methods. The number of  false negative results can be reduced 
by simultaneous amplifi cation of  several sites of  the target genome. The effect is 
achieved by designing a multiplex reaction, using multiple primer pairs. 
Taking into account the high molecular polymorphism of  AMD virus and the role of  
diagnostics in eradication of  AMDV development of  new diagnostics methods seems 
to be crucial. The aim of  the study was to optimize a duplex PCR reaction enabling the 
simultaneous amplifi cation of  fragments of  both the NS1 non-structural protein and 
the VP2 structural protein, and to assess the effectiveness of  the method in detecting 
AMDV from biological and environmental samples. 

MATERIAL AND METHODS

Sample collection

The farm and animals for testing were selected based on positive results of  counter-
current immunoelectrophoresis (CIEP). To evaluate the effectiveness of  the method 
in detecting AMDV from various types of  biological material, we analyzed blood (n 
= 40) and spleens (n = 40) taken post-mortem from animals with suspected Aleutian 
disease, as well as swabs from the cages the infected animals were kept in (n = 20). In 
each of  the samples, the result was confi rmed by qPCR. 
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To design a diagnostic algorithm for simultaneous detection of  the virus in a large 
group of  animals, we tested the possibility of  using pooled samples. In the case of  
blood samples, pooled samples were analyzed in addition to individual diagnosis. A 
40 μl volume of  blood from 10 animals was mixed and the pooled samples obtained 
were treated as single samples during isolation and further analysis. The research was 
carried out in accordance with the standards recommended by the Second Local 
Ethics Committee on Animal Experiments at the University of  Life Sciences in 
Lublin, resolution no. 30/2010.

Isolation of genetic material 

The DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) was used to isolate 
DNA from the blood and spleens. The tissue was homogenized with ATL lysis buffer 
in a TissueLyser II apparatus (Qiagen) at a frequency of  20 hz for 20 s and incubated 
until complete lysis was obtained. Elution was performed in a 150 ul volume. Isolation 
from the blood was carried out according to the protocol provided with the kit. DNA 
was eluted in a volume of  100 ul.
Swabs were incubated with shaking for 2h in PBS at 37oC, followed by isolation with 
the DNeasy Blood & Tissue Kit (Qiagen). Lysis was performed in 400 ul of  AL buffer 
and 20 ul of  proteinase K for 1h. Further isolation steps were carried out according to 
the manufacturer’s protocol. For elution, 100 ul of  AE buffer was used.

PCR amplifi cation

For the PCR reaction we used a pair of  primers amplifying a fragment of  the NS1 
protein – forward primer 5′ CATATTCACTGTTGCTTAGGTTA 3′ and reverse 
primer 5′ CGTTCTTTGTTAGTTAGGTTGTC 3′ [11] (product length 374bp) 
and a pair amplifying a fragment of  the VP2 structural protein – the forward 
primer 5’ TCTAGAAGCAACGCTTGGGGTGTATG 3’ and the reverse primer 5’ 
GTTGTGTCACTCCACTGTCT 3’ (product length 802bp) [12].
To obtain the most effective conditions for the analysis, a preliminary optimization 
of  the reaction was carried out in a temperature gradient of  48–58°C, followed by 
optimization proper in a narrower range (56–61°C) and in a gradient of  magnesium 
concentrations (2.5 mM, 3 mM and 3.5 mM). After the preliminary analysis, the 
chemical and thermal profi le of  the reaction was established. The reaction mixture 
contained 3 μl DNA and 1 U Taq polymerase AmpliTaq Gold 360 DNA Polymerase 
(Applied Biosystems, Foster City, CA) in the manufacturer’s buffer, adjusted to a 
fi nal concentration of  3.0mM MgCl2, 0.8 mM of  each dNTP and 1.2 mM of  each 
primer – 25 μL total volume. PCR cycling conditions were 95°C for 10 min, 40 cycles 
of  95°C for 45 s, 59°C for 45 s, 72°C for 60 s, and 72°C for 10 min in  Labcycler 
(SensoQuest,Göttingen, Germany).
To confi rm the PCR products, gel electrophoresis was carried out using a 2% agarose 
gel with ethidium bromide (EtBr). 
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Evaluation of the sensitivity of the duplex PCR reaction

Quantitative determination of  the number of  copies of  genetic material of  the virus 
was carried out by the qPCR method using a commercial assay for Aleutian Disease 
Virus (Gensig AIDV advanced Kit - PrimerDesign™ Ltd., Eastleigh UK) in an ABI 
Prism® 7500 Fast apparatus (Applied Biosystems). Serial dilutions of  2 × 105 copies/
μl, 2 × 104 copies/μl, 2 × 103 copies/μl, 2 × 102 copies/μl, 2 × 101 copies/μl and 2 × 
100 copies/μl were used to prepare the standard curve. These dilutions were prepared 
using the positive control supplied with the kit. Quantitative determination was 
performed in order to determine the average number of  copies of  viral DNA in each 
of  the materials tested and to assess the sensitivity of  the method. To determine the 
sensitivity of  the method, decimal dilutions of  the samples quantitatively determined 
by qPCR were prepared (containing 108, 5x107, 107, 106, 105, 104, 103, 102, 5x101, and 
101 copies of  the virus per reaction) and duplex PCR was carried out for them.

Evaluation of the specifi city of the reaction

To confi rm the specifi city of  the reaction, selected PCR products from the blood (n 
= 10) and spleens (n = 10) were sequenced, for both the NS1 and the VP2 protein 
sequence. The PCR products were purifi ed using the Exo SAP-IT kit (Affymetrix, 
CA, USA). Sequential PCR was performed for forward and reverse primers using the 
BigDye Terminator v 3.1 Cycle Sequencing Kit (Applied Biosystems). The sequencing 
PCR products were purifi ed with the ExTerminator kit (A&A Biotechnology, Gdynia, 
Poland), subjected to thermal denaturation in the presence of  formamide, and 
separated on an ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems).
Contig assembly and analysis of  sequencing results were carried out in Baser 
DNA software. The specifi city was determined using the BLAST application and 
by comparing the sequences obtained with the GenBank bioinformatic database. 
Phylogenetic analysis was carried out in MEGA6. A phylogenetic tree was obtained by 
the Maximum Likelihood method with 1000 bootstrap replications for the sequence 
coding NS1 protein as this fragment has been used to analysis of  relationships between 
isolates and tracing of  outbreaks [13,14].

RESULTS

Based on the nucleotide composition of  the primers used for the reaction, preliminary 
optimization was performed in a temperature gradient of  50–60°C. Since better 
amplifi cation effi ciency was observed at higher temperatures, additional optimization 
was performed in a narrower temperature range of  56–61°C, and the best amplifi cation 
effi ciency was obtained at 59°C. The reaction was also optimized in a magnesium 
gradient. The best results were obtained at a concentration of  magnesium ions at the 
level of  3 mM. Given that two primer pairs are amplifi ed in a single reaction, 1 min 
was considered the optimal elongation time. 
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To determine the sensitivity of  the method, qPCR was performed to determine the 
viral load in samples isolated from the spleen, and then decimal dilutions of  the starting 
material were prepared (Figure 1). The average number of  virus copies in the spleen 
was 108 per reaction. The amount of  viral genetic material detected in the blood tested 
individually was 104 copies per reaction, in pooled blood 103, and in environmental 
samples 102 copies per reaction.

Amplifi cation of  the diluted genetic material yielded a result for two primer pairs in 
the samples with 102 copies of  the genetic material of  the virus (Figure 2). For samples 
with 5x101 or 101 copies, a weak positive result was obtained for the primer amplifying 
the non-structural protein coding sequence, while in the case of  the primers fl anking 
the VP2 protein coding sequence, no amplifi cation occurred for the last two dilutions 
(wells 9 and 10).

Figure 1. Standard curve obtained during qPCR analysis, used to determine the number of  
copies in the samples

Figure 2. Assessment of  duplex PCR sensitivity: M - size marker – 100 bp, 1 – 1x108, 
2 – 5x107, 3 – 1x107, 4 – 1x106, 5- 1x105, 6 – 1x104, 7 – 1x103, 8 – 1x102, 9 – 5x101, 10 – 1x101
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Sequencing results and bioinformatic analysis confi rmed the specifi city of  the 
reactions for both primer pairs. Based on the coding sequence of  the NS1 protein, two 
variants were distinguished, with over 99% similarity to one another. The similarity 
to variants from the GenBank database ranged from 82% (strain M195) to over 95% 
(Utah strain). All sequenced isolates had identical VP2 protein sequences and showed 
more than 94% similarity to the ADV-LN3 strain and more than 90% similarity to 
other AMDV sequences deposited in the NCBI database (Table 1). 

Table 1. Similarity in nucleotide sequences coding for NS1 and VP2 proteins between the test 
isolates and sequences deposited in the GenBank database

Sequences
NS VP2

A1 A2 A1 A2

A1 ID 99.60% ID 100.00%
A2 99.60% ID 100.00% ID
KU513988.1_Utah 95.70% 95.30% 91.60% 91.60%
JN040434.1_AMDV-G 84.10% 84.40% 91.50% 91.50%
GU183264.1_ADV-LN1 91.70% 92.00% 93.10% 93.10%
GU183265.1_ADV-LN2 94.00% 93.70% 93.10% 93.10%
GU269892.1_ADV-LN3 92.00% 92.40% 94.40% 94.40%
KT878958.1_M173 92.00% 91.70% 92.50% 92.50%
KY680280.1_strain_LM 87.40% 87.10% 92.50% 92.50%
KT878959.1_strain_M195 82.80% 82.50% 92.70% 92.70%
KT878960.1_strain_M228 91.70% 91.40% 91.80% 91.80%
KT878961.1_strain_WM25 94.30% 94.00% 92.90% 92.90%
KT329428.1_Beijing 85.80% 85.40% 93.50% 93.50%
KU513985.1_isolate_G*1 84.10% 84.40% 91.50% 91.50%
KU513986.1_isolate_G*2 84.10% 84.40% 91.50% 91.50%
KU513987.1_isolate_G*3 84.10% 84.40% 91.50% 91.50%

Phylogenetic analysis indicated that obtained variants share the same clade with the 
Utah and ADV-LN1-3 strains, whereas non-pathogenic strain – AMDV-G formed 
separate, distant clade (Figure 3).  
After analyzing the sensitivity and specifi city of  the method, we evaluated its 
effectiveness in detecting AMDV in the spleen, blood and pooled blood. A clear 
amplifi cation product with both primers was obtained for all the spleen tissue, in 
which the average number of  copies detected by qPCR was 108 per reaction. In the 
case of  individually tested blood samples as well, clear bands were obtained for the 
primers fl anking both the NS1 and the VP2 fragments (Figure 4). The results of  the 
duplex PCR reaction confi rmed the possibility of  testing pooled blood samples, as 
clear amplifi cation products were obtained for both primers despite the lower viral 
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load (the average viral load in pooled blood as determined by qPCR was 104 copies 
per reaction).

In the case of  PCR for DNA isolated from environmental samples, a positive result 
was obtained for the primers amplifying the non-structural protein for each of  the 
samples tested. In the case of  the fragment encoding the VP2 protein, in two cases 
a weak positive result was obtained, and in the others a false negative result (Figure 
5). The average number of  copies of  the genetic material of  the virus determined 
by the qPCR method was 102. The lack of  amplifi cation for the primers fl anking the 
VP2 protein sequence may be due both to the presence of  polymerase inhibitors that 
reduce amplifi cation effi ciency and to the higher degree of  DNA degradation in the 
environmental samples.

Figure 3. Result of  phylogenetic analysis between obtained variants and sequences from 
GenBank database . Phylogenetic tree was based on the sequence coding NS1 protein and 
prepared by MEGA 6 using the maximum likelihood method with 1,000 bootstrap replicates 

Figure 4. Electrophoretic separation of  PCR products: M – 100 bp marker, reaction results 
for samples isolated from blood tested as individual samples (wells 1-4), pooled blood (5-8) 
and spleens (9-16)
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DISCUSSION

Many authors report a high mutation rate in the genome of  parvoviruses. High genetic 
variability is also observed in the case of  the Aleutian virus, which belongs to the 
family Parvoviridae. There are reports of  numerous variants occurring on a single farm 
[15], or even co-infections of  one host with several variants [16]. Not only can high 
genetic variability cause changes in antigenic properties and the appearance of  false-
negative results in serological methods [17], but due to the occurrence of  mutations at 
primer binding sites, it can result in decreased effi cacy or even a lack of  amplifi cation 
in diagnostics based on classic PCR.
The multiplex PCR method is increasingly used in animal diagnostics; examples include 
testing of  material for several pathogens simultaneously [18,19]. The approach used 
in the present study, consisting in the amplifi cation of  two regions in the genome of  
the same pathogen, has been used in many studies confi rming the greater specifi city 
of  multiplex reactions [20-22]. The multiplex RT-PCR technique, simultaneously 
amplifying fragments of  the H5, N1 and M genes, has been used to diagnose avian 
infl uenza, with the sensitivity of  the assay specifi ed at 103 copies/ul [23].
The method of  testing pooled samples presented in our study is a solution that allows 
for quick and sensitive diagnosis of  a large group of  animals in a short time and at 
lower cost than in the case of  individual diagnosis. The average viral load in the blood 
of  the animals was 104 copies per reaction, which confi rms the possibility of  testing 
pooled samples from many animals while maintaining the high reliability of  the test. 
Pooled samples have been tested by molecular methods, for example, to diagnose 
mastitis [24] and BVDV infections in cattle [25] , infections with classical swine fever 
virus in a wild boar population [26], and Coxiella burnetii infection, which causes 
abortion in sheep [27].

Figure 5. Electrophoretic separation of  PCR products: M – 100 bp size marker, reaction 
results for samples isolated from swabs from the breeding environment – 1-8
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When selecting primers for the reaction, not only the diagnostic aspect was 
considered, but also the potential use of  the method for genotyping and analysis 
of  variation between isolates. Given the resources of  bioinformatic databases of  
AMDV sequences, it seems reasonable to select primers that fl ank the most frequently 
deposited sequences, in order to allow global analysis of  the epidemiology of  the 
virus. The primers used in our research have previously been used in single reactions in 
a study on phylogenetic analyses between AMDV isolates [28,15]. Phylogentic analysis 
based on the sequence coding NS1 protein confi rmed that obtained variants belong to 
the clade with the highly pathogenic strains Utah, and ADV-LN1-3 [29] and are distant 
from non-pathogenic AMDV-G, which forms separate clade. These relationships, may 
partially explain relatively high mortality rate of  minks in tested farm.
There have been many reports on the possibility of  using PCR in the diagnosis of  viral 
diseases in mink [11, 30]. Moreover, qPCR method can be used to analyse the sanitary 
state of  the environment in terms of  AMDV epidemiology [14,31,32]. While the 
qPCR reaction is more sensitive, it is diffi cult to introduce for routine diagnostics due 
to its relatively high cost. The method presented in this paper proved highly suitable 
for detecting the virus in biological material, resulting in detection of  the pathogen 
at the level of  102 copies. This should be a suffi cient sensitivity threshold in the case 
of  blood samples, including pooled samples (103 copies of  the genetic material of  the 
virus) and tissues of  infected animals. The use of  this method to test environmental 
samples is limited, and depends on the viral load in the test sample and the presence 
of  potential inhibitors.
The proposed method can help with early detection of  the virus and the introduction 
of  effective measures to eliminate AMDV from infected farms. By using a protocol 
including pooling of  samples, entire mink sheds can be quickly scanned for the 
presence of  AMDV, and the high sensitivity of  the proposed reaction and its ability 
to detect the pathogen from different types of  material confi rms its effectiveness 
and universality. In addition, the selection of  primers not only enables detection of  
AMDV, but is the basis for further analysis and genotyping of  the pathogen in terms 
of  polymorphisms in both the NS1 and VP2 protein sequences, so that circulation of  
the virus between locations with outbreaks of  the disease can be analyzed. 
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DUPLEKS PCR TEHNIKA ZA DOKAZIVANJE VIRUSA 
ALEUTSKE BOLESTI IZ BIOLOŠKIH  UZORAKA I    
OKRUŽENJA NERČEVA

KOWALCZYK Marek, JAKUBCZAK Andrzej, GRYZIŃSKA Magdalena

Aleutska bolest je jedno od najznačajnijih oboljenja nerčeva u intenzivnom, farmskom 
uzgoju. Oboljenje dovodi do značajnih ekonomskih gubitaka u državama u kojima se 
nerčevi uzgajaju. Cilj studije je bio da se optimizuje dijagnostička procedura zasnovana 
na dupleks PCR tehnici u cilju detekcije virusa Aleutske bolesti u biološkim uzorcima 
nerčeva i u uzorcima iz spoljašnje sredine. 
Četrdeset uzoraka krvi i 40 uzoraka slezine životinja koje su bile sumnjive na oboljenje, 
kao i uzorci briseva iz kaveza u kojima su bile životinje sumnjive na oboljenje (n=20) 
analizirano je na prisustvo virusa. Iz uzoraka je izolovana DNK, a posle toga je obav-
ljena optimizacija dupleks PCR reakcije sa ciljem dokazivanja sekvenci genoma koji 
kodiraju NS1 i VP2 proteine. Upotrebljena je qPCR metoda za detekciju osetljivosti 
reakcije. Specifi čnost analize je potvrđena sekvencioniranjem.
Optimizovana dupleks PCR reakcija je omogućila detekciju genetskog materijala viru-
sa uzročnika Aleutske bolesti nerčeva u biološkim uzorcima i u uzorcima iz spoljašnje 
sredine. Ispitivanjem osetljivosti same metode prikazano je da je dobijena jasna ampli-
fi kacija oba para prajmera sa 102 kopija virusne DNK. Sekvencioniranjem, obavljena 
je potvrda specifi čnosti reakcije pri čemu u slučaju oba para prajmera ustanovljeno 
90% slaganja između izolata i varijanti virusa iz banke podataka. 
Primena dupleks PCR tehnike radi dokazivanja dva regiona u genomu virusa uzročnika 
Aleutske bolesti nerčeva može da poveća osetljivost i specifi čnost metode i da značajno 
poboljša mogućnosti daljih analiza zasnovanih na sekvencioniranju.
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