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ABSTRACT 

Bovine viral diarrhoea virus (BVDV) and Border disease virus (BDV) are two pestiviruses 

belonging to the family Flaviviridae and cause reproductive diseases and economic losses for 

farm owners worldwide. 

The aim of this study was to improve and evaluate the detection of BVDV and BDV during 

field conditions at a farm. 

Six isolates of BVDV and one BDV were analysed using RT-LAMP, and additional 16 

samples containing BVDV were tested on PCR. In the study, extraction of viral RNA from 

infected cell cultures, the viral DNA for comparison between RT-LAMP and real-time RT-

PCR as well as portable PCR were used. Real-time RT-PCR was used to evaluate specific 

primers and probes suitable for the detection of BVDV-1, BVDV-2 and BVDV-3.  

RT-LAMP initially gave amplification at high amounts of betaine, but later it failed to do so.  

BVDV-1 and BVDV-2 were detected more efficiently by the PanPesti primers/probe set 

which are specific for all pestiviruses, while BVDV-3 could be detected after including 

BVDV-3 specific primers and probe to the PanPesti set. Ct-values for BVDV were lower 

using the standard protocol compared to a quick protocol. The portable real-time PCR failed 

to detect most of the 16 samples, while the detection of the same samples was efficient when 

RT-PCR was used.  

The assays described in this study will be further optimized for the detection of BVDV and 

BDV.  
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INTRODUCTION 

Pestivirus infections appear to cause significant economic losses worldwide due to high 

reproductive disturbances and low mortality of the disease in cattle (Bauermann et al., 2013; 

Houe H et al., 2006; Gao et al., 2013; Fan et al., 2012). Pestiviruses are viruses that belong to 

the Flaviviridae family. This group of viruses has single-stranded positive-sense RNA 

genome and can infect farm animals. There are five different recognized species belonging to 

pestivirus, namely bovine viral diarrhoea virus 1 (BVDV-1), bovine viral diarrhoea virus 2 

(BVDV-2), border disease virus (BDV) and classical swine fever virus (CSFV) (Abrahante et 

al., 2012; Liu et al., 2012). There is also BVDV genotype that is uncommon called BVDV-3. 

 

BVDV-1, BVDV-2, BVDV-3 and BDV are viral diseases of cattle, sheep, ruminants and 

goats, causing clinical illnesses such as respiratory disorder, reproductive loss and foetal 

infection. Animals persistently infected with BVDV (BVD-PI) or BDV (BD-PI) are 

considered to be the most significant causes of BVDV and BDV disorders in cattle, sheep and 

ruminants because of the low mortality of the viral disease. Moreover, PI cattle have an 

ability to develop fatal mucosal disease. Reducing PI animals from the population could 

reduce the source of the virus infection; thereby decreasing the disease rate (Gao et al., 2013, 

Gard et al., 2010, Segura-Corra et al., 2010).Thus, it has also been recommended to vaccinate 

newborn calves against BVDV to minimize the occurrence of the virus disorders in the future 

(Van Drunen Littel el at., 2012) . The spread of BVDV from animal to animal occurs via 

oral, nasopharyngeal secretions and iatrogenically (Casaubon et al., 2012). 

 

Recent studies show that there are at least 16 subgenotypes of BVDV-1 (Gao et al., 2013, 

Xue et al., 2010). The BVDV-1 causes fever, diarrhoea and decrease leukocytes counts fever 

and death. The clinical signs of BVDV-2 are decreased amount of leukocytes and platelets, 



fever and death. Many types of immune cells are stimulated and infected by the all BVDV 

sub genotypes, these cells become damaged and the immune response will be affected, which 

in turn may give rise to secondary infections (Van Drunen Littel el at., 2012).  

BVDV is comprised of two general biotypes, cytopathogenic (CP) and noncytopathogenic 

(NCP), depending on their effects on cultured cells, as well as the cell morphology from the 

cultured cells after infection (Gao et al., 2013). Since the virus infection cross the placenta 

and infect calves in utero, pregnant animals that are infected with NCP BVDV during early 

stages of gestation may experience miscarriage, stillborn foetuses and transient infection or 

persistently infected calves. 

  

The first report of BDV viral disease was detected in Pyrenean chamois populations in 2001 

and 2002. It was showed that some affected chamois had an unusual behaviour in that they 

had difficulties to move, which were related to non-suppurative meningoencephalitis. 

Moreover changes in the skin (skin hyperpigmentation) occurred. The BDV outbreak as a 

high-mortality disease, leads to a 42% reduction in the chamois population (Cabezón et al., 

2010; Fernández-Sirera et al., 2012).  The infected populations recuperated gradually during 

ten years after the first outbreak, although it is still considered as the main health concern in 

the Pyrenean chamois. There was a report from Aveyron region in France that showed a 

significant “flare-up” of the disease including a high death-rate, associated with acute BDV 

infections in healthy sheep. Additionally, a mucosal disease-like syndrome was also in some 

cases, illustrated in PI sheep (Fernández-Sirera et al., 2012). A number of outbreaks of BDV 

infections were also reported in the Catalan Pyrenees, resulting in a decrease in chamois 

populations ranging from 42% and up to 86%. As other pestiviruses, the BDV passes through 

placenta to infect the foetus, resulting in PI calves characterized by specific immunotolerance 

against BDV (Fernández-Sirera et al., 2012). 



Presently available methods for detection of pesitiviruses are immunoassay, electron 

microscopy, real-time PCR and RT-LAMP (Reverse Transcriptase Loop-Mediated 

Isothermal Amplification) ( Fan et al., 2012; Deregt et al., 2002; Ridpath et al., 2002; Falton 

et al., 2006; Youssef et al., 2006; Hyndman et al., 1998; Kozasa et al., 2005).  

The PCR methods are highly developed, optimized and highly sensitive. The method is able 

to quantify target nucleic acids to very small copies within one hour. 

The method could therefore be used to detect persistent infections in young calves, so these 

calves could be identified and removed. The disadvantage of PCR is that it requires high-

precision equipment and high precision thermal cycler for amplification and quantification of 

nucleic acids, the requirement for a step of heat to denaturate the double stand DNA.  

 

The RT-LAMP method is a novel method that has been used for virus diagnosis to detect 

pathogens. The method can be used to amplify a target DNA or RNA template up to 10
9
 

times in just 60 minutes at 60-65°C with high sensitivity and specificity. This method does 

not require a high precision thermal cycler, as the denaturing step is not needed. The RT-

LAMP reaction is evaluated through two steps: the DNA polymerase with strand 

displacement activity step, where betaine performs the separation of the two DNA strands 

and the cycling amplification step. Betaine is also able to reduce base stacking, increase the 

reaction and decreases the amplification of irrelevant sequences with high target selectivity. 

Moreover, RT-LAMP can be used for the amplification of both DNA and RNA using DNA 

polymerase and reverse transcriptase enzymes, respectively. 

The reaction of RT-LAMP requires four specific primers, two inner and two outer primers, in 

order to recognize six distinct regions of the target DNA. FIP stands for Forward Inner 

Primer and contains two regions, F2 region at the 3’end and F1c region at the 5’ end. F3 

Primer stands for Forward outer primer and contains F3 region that is complementary to the 



F3c region. BIP stands for Backward Inner Primer and contains B2 region at the 3’ end, and 

B1c region at the 5’ end. B3 Primer stands for Backward Outer Primer and contains B3 

region. The high specificity of LAMP is depending on that the amplification reaction occurs 

when all six regions of the target are recognized by the primers.  

 (Notomi et al., 2000; Fan et al., 2012). 

 

A Portable PCR is a cost-effective instrument and a battery-operated real-time PCR system 

that can be used to detect pestiviruses in animals, directly at the farm.  

The objective of this study was to optimize simple and rapid tests that can be used to detect 

BVDV and BDV. The two methods tested were RT-LAMP and portable real-time PCR.  

 

MATERIALS AND METHODS 

Preparation of RNA samples 

Viruses 

Six isolates of (BVDV) and one BDV strain were used in this study to compare the RT-

LAMP method and real-time RT-PCR. These included BVDV-1 (Mo1 and NADL), BVDV-2 

(178003, 173157), BVDV-3 (CH-KaHo/cont and Th/04_KhonKaen), and BDV (137/4). In 

addition, 16 RNA isolates infected with BVDV previously used in the research group Xia H 

et al., 2013 and Xia H et al., 2011 were used in this study to optimize the portable RT-PCR. 

 

RNA extraction 

Viral RNA was extracted from BVDV and BDV infected cells using RNeasy Mini kit 

(Qiagen Swden) for purification of RNA molecules. Briefly, the cells were disrupted by 

adding 600 µl Buffer RLT after mixing. Thereafter, one volume 70% ethanol was added to 

the lysate and the sample was mixed. Seven-hundred µl of the sample was separated on 



RNeasy spin column. The samples were centrifuged for 15 s at 8000 × g for washing the spin 

column membrane. The same step was repeated by adding buffer RBE two times through 

centrifugation 15 s at 8000 x g, 2 min, respectively. At last, the RNeasy spin column was 

placed in a new 1.5 ml collection tube and 100 µl RNase-free water was added to the spin 

column membrane with 1 min centrifugation > 8000 × g to retrieve the RNA. 

 

Reverse transcription PCR using Qiagen one-step RT-PCR kit 

One-step RT PCR was performed to confirm the presence of viral nucleic acids in the BVDV 

and BDV infected cells. The RT-PCR was carried out in a 25 µl total reaction volume 

containing 3 µl RNA samples and 22 µl master mix. The master mix consisted of 13 µl 

RNase-free water, 5 µl 5 × buffer, 1 µl 10 mM dNTP mix (New England BioLabs), 1 µl 10 

µM 13A (Forward Primer), 1 µl 10 µM 14A (Reverse primer) and 1 µl enzyme mix. The 

amplification protocol was: 50˚C for 30 min, 95˚C for 15 min, 45 cycles of 95˚C for 30 s, 

55˚C for 30 s, and 72˚C for 30 s, and a final extension step at 72˚C for 10 min. 

The PCR products were separated on a 2% agarose gel and detected after staining with 

GelRed (Biotium, Inc., Hayward, CA). 

 

RT-LAMP 

RT-LAMP reaction 

The RT-LAMP reaction was performed as a pilot study to confirm that the method was 

working before optimization. The RT-LAMP reaction was carried out in a 25 µl reaction total 

volume including 3 µl RNA template and 22 µl master mix. The master mix consisted of 3.3 

µl dNTP (New England BioLabs), 3.2 µl 5.0 M betaine concentration (Sigma), 2.5 µl 10 × 

Thermo buffer (New England BioLabs), 3 µl MgSO4, 2 µl Bst DNA polymerase (8U/l) (New 

England BioLabs), 6 µl AMV-RT (1.5 U/µl) (Invitrogen), 2 µl RNase-free water and 0.5 µl 



of each of 100 µM FIP (5’-GTCGRACCACTGACGACTNCCC......GAG-3’), BIP (5’-

TGATAGGGTGYWGCAGAGRCCT......TTT-3’), 10 µM F3 (5’-

AAGAGGCTAGCCATGCCCTTAGT-3’) and 10µM B3 (5’-

TATGTTTTRTATAARAGTTCAT-3’). The mix was incubated at 63˚C for 90 min. The RT-

LAMP products were separated on a 2% agarose gel, followed by staining using GelRed.  

 

Optimization of RT-LAMP  

The RT-LAMP optimization included variation in several parameters such as betaine 

concentration and the reaction temperature .Betaine concentrations were optimized by 

running 2 reactions. The first reaction was contained 2 M of betaine (Sigma, Life science), 

the second reaction was contained 5 M of betaine (Sigma, Life science). The RT-LAMP 

optimization was carried out according to the similar way that was described before. 

 

Real-time RT-PCR 

BVDV/BDV Real-time RT PCR annealing at 60˚C 

Real-time RT-PCR was carried out using Ag Path-ID 
TM

 One step master mix (Applied 

Biosystems) .The 25 µl reaction volume included 12.5 µl 2 × RT-PCR buffers, 1.0 µl 10 µM 

T252-Pesti-D forward primer , 1.0 µl 10 µM T253-Pesti-D reverse primer, 0.25 µl 10 µM 

T254-BVDV-Dprobe-FAM ,0.25 µl 10 µM T255-BDV-Dprobe-Q670, 6 µl of water, 1.0 µl 

of 25 × RT-PCR enzyme mix  and 3 µl of RNA template. The real-time RT-PCR was cycled 

as follows: 45˚C/10 min, 95˚C/10 min, 45 cycles of 95˚C/15 s and 60˚C/45 s. The reaction 

was performed on a Corbett, Rotor-Gene Real-Time Analysis Software 6.1 (Qiagen). The 

result for each sample was given as a Ct value obtained from the log-linear phase of each 

reaction. 

 



BVDV/BDV real-time RT-PCR annealing at 55˚C 

The real-time RT-PCR at 55˚C was carried out in a 25µl total reaction volume containing, 7.5 

µl water, 12.5 µl 2 × buffer, 1.0 µl 10 µM T252-Forward primer, 1.0 µl 10 µM T253-Reverse 

primer, 0.25 µl 10 µM T254 probe, 0.25 µl 10 µM T255 probe, 0.5 µl enzyme mix and 2.0 µl 

RNA template. 

These primers and probes were compared with a second set of primers ; 10 µM T49-Forward 

primer ( 5’-CTAGCCATGCCCTTAGTAG-3’), 10 µM T50-Reverse primer ( 5’-

CGTCGAACCAGTGACGACT-3’), 10 µM BVDV-1 probe ( 5’-FAM-

TAGCAACAGTGGTGAGTTCGTTGGATGGCT-BHQ-3’) and 10 µM BVDV-2 probe ( 5’-

TxR-TAGCGGTAGCAGTGAGTTCGTTGGATGGCC-BHQ-3’)(Baxi M et al., 2006). 

The reaction cycle profile was performed as follows: 50˚C/30 min, 95˚C/15 min, 45 × 

(95˚C/20 s, 55˚C/30 s, and 72˚C/30 s).  

 

Portable real-time PCR 

Comparison of two protocols using different incubation times 

In order to optimize and evaluate a portable PCR assay (T-COR 4 real-time PCR), two 

protocols with different incubation times were compared by using Superscript III one step 

RT-PCR Kit (Invitrogen). The 25 µl total volume included 3.75 µl RNase-free water, 12.5 µl 

2 × reaction mix, 2.0 µl 10 µM T258-panPesti-190Fwd, (5’-

GRAGTCGTCARTGGTTCGAC-3’), 2.0 µl 10 µM T259-panPesti-326Rev, (5’-

TCAACTCCATGTGCCATGTAC-3’), 0.25 µl 10 µM probe T260-panPesti-P, (5’- [6FAM] 

TGCYAYGTGGACGAGGGCAT [BHQ1]-3’), 0.5 µl 5 mM MgSO4, 1 µl Superscript 

III/Platinum Taq mix and 3.0 µl RNA template (Hoffmann B et al., 2006). The following 

cycling steps were used in the standard protocol: 30 min at 50˚C, 2 min at 94°C, followed by 

45 cycles of 30 s at 94°C, 45 s at 57°C and 45 s at 68°C. In the quick protocol, the steps 



included: 10 min at 50°, 2 min at 94°C, followed by 45 cycles of 15 s at 94°C, 30 s at 57°C 

and 30 s at 68°C. 

 

Verification of specific primers and probes for BVDV-1, BVDV-2 and BVDV-3  

Three sets of primers and probes specific for BVDV-1, BVDV-2 and BVDV-3 were tested in 

order to be used in portable real-time PCR. Briefly, three master mixes were prepared that 

included primers T258-panPesti-190Fwd, (5’-GRAGTCGTCARTGGTTCGAC-3’), T259-

panPesti-326Rev, (5’-TCAACTCCATGTGCCATGTAC-3’) and probe T260-panPesti-P, 

(5’- [6FAM] TGCYAYGTGGACGAGGGCAT [BHQ1]-3’) which are specific for all sorts 

of pestiviruses. The primers and probes, T49n-Pesti-Fwd, (5’-

CTAGCCATGCCCTTAGTAG-3’), T50n-Pesti-Rev, (5’-CGTCGAACCAGTGACGACT-

3’), T256-BVDV-1P, (5’-[6FAM] TAGCAACAGTGGTGAGTTCGTTGGA [BHQ1]-3’) 

and 10 µM T257-BVDV-2P, (5’-[6FAM] TAGCGGTAGCAGTGAGTTCGTTGGATGGCC 

[BHQ1]-3’) were tested which are specific for BVDV-1 and BVDV-2. The primers and 

probes which are specific for BVDV-3 were, 10 µM T51n-T134Fwd, (5’-

GACTAGTGGTGGCAGTGAGC-3’), 10 µM T52n-T220Rev, (5’-

GAGGCATTCCTTGATGCGTC-3’) and 10 µM T53n-T155-BVDV-3P, (5-[6FAM] 

ACTCGGGGCTTCGGTGATCCAGGG [BHQ1]-3’) . Each master mix tube also contained 

12.5 µl 2 × RT-PCR buffers and 1.0 µl 25 × RT-PCR enzyme mix. 

 

Comparison of portable PCR assay with real-time RT-PCR on the laboratory for the 

detection of BVDV-1, BVDV-2 and BVDV-3 

Qiagen One-step RT-PCR kit was used in the real-time RT PCR and Superscript III one step 

RT-PCR Kit (Invitrogen) for portable, and the master mixes were prepared according to 

instructions in the kit. For Rotor-gene real-time RT PCR, the 25 µl total volume included, 7.5 



µl water, 2 × buffer, 0.5 µl enzyme mix, and BVDV-1 and BVDV-2 specific primers and 

probes, 1.0 µl 10 µM T49n-Pesti-Fwd, , 1.0 µl 10 µM T50n-Pesti-Rev, 0.25 µl 10 µM T256-

BVDV-1P, 0.25 µl 10 µM T257-BVDV-2P in one tube. In another tube, BVDV-3 specific 

primers/probe 1.0 µl 10 µM T51n-T134Fwd, 1.0 µl 10 µM T52n-T220Rev, and 0.25 µl 10 

µM T53n-T155-BVDV-3P were added. Finally, 3 µl RNA templates were added to each tube 

and the real-time RT-PCR was carried out at the following conditions: 50˚C/30 min, 95˚C/15 

min, 45× (95˚C/20 s, 55˚C/30 s, and 72˚C/30 s). The standard protocol for the portable PCR 

was used. 

 

RESULTS 

RT-LAMP and real-time RT-PCR were optimized, compared and evaluated in order to find 

more rapid and cost-effective methods to detect BVDV and BDV. 

 

Reverse transcription PCR using Qiagen one-step RT-PCR kit 

One-step real- time PCR was used in order to verify the presence of BVDV and BDV in 

infected cell cultures. The viruses were not detected in137/4 (BDV) and 178003 (BVDV-2) 

, while the presence of NADL (BVDV-1), 173157 (BVDV-2), CH-KaHo/cont (BVDV-3), 

MO1 (BVDV-1) and Th/04_KhonKaen (BVDV-3) were detected. 

 

RT-LAMP 

Optimization of RT-LAMP 

The RT-LAMP was carried out to determine optimal annealing temperature and optimal 

concentration of betaine. After verification of the method there were no products obtained 

after RT-LAMP amplification for BVDV-2 and BVDV-3 at 63˚C.  

 



In order to determine optimal temperature for RT-LAMP, different temperatures were tested. 

The optimal temperature for BVDV-1 (NADL) and BVDV-3 (CH) was at 60˚C, and for 

BVDV-2 (173157) 58˚C. The RT-LAMP reaction did not give any amplification in later 

experiments, despite that it worked well and could detect the viruses in the initial experiment.  

Figure 1 shows the result of RT-LAMP from BVDV-1 (NADL) when 2 and 5 M betaine 

were added in the master mix. The amplification of RT-LAMP was observed for BVDV-1 

(NADL) when 5 M of betaine was included but not for the concentration of 2 M betaine. 

Thus, the higher concentration of betaine was selected for further analysis. 

 

 

 

 

 

                                                       

 

 

 

 

Figure 1. The figure shows agarose gel electrophoresis after amplification using RT-LAMP. (1) BVDV-1 

(NADL) amplification including 2 M betaine. (2) Water was used as negative control. (3) BVDV-1 (NADL) 

amplification including 5 M betaine. (4) Waster was used as negative control. 

 

Real-time RT- PCR 

The virus infected RNA samples were tested in duplicate to compare the efficiency of the 

primer/probe sets (Figure.2). A mix of PanPesti primers with three different primers were 

used to determine the most optimal primers. 



The results indicate that both BVDV-1 and BVDV-2 could be detected more efficient by 

using PanPesti primers and probes compared with a mix of different primers. The PanPesti 

set failed to detect CH (BVDV-3). By contrast, the addition of the BVDV-3 set primer to the 

PanPesti set clearly increased efficiency for the detection of BVDV-3. 

 

Table 1. The Real time RT-PCR amplification of BVDV-1, BVDV-2 and BVDV-3 using PanPesti primers 

compared with primer mix. The PanPesti primers showed more efficient amplification than the primer mix.  

Name  Ct values for 
PanPesti  
primer/probe

 

Ct values 
for mixture 
primers/pro
bes 

MO1 (BVDV-1)  20,42 23,65 

NADL (BVDV-1)  18,23 25,88 

173157 (BVDV-
2) 

 22,34 28,43 

 CH (BVDV-3)  - 40,68 

TKK (BVDV3)  26,82 19,69 

 

 

Portable real-time PCR 

Comparison of two protocols using different incubation times 

Two protocols with different incubation times were compared for BVDV strains by using 

superscript III one step RT-PCR Kit (Invitrogen) in order to evaluate the portable real-time 

PCR through reducing the incubation time while still maintaining the same conditions.The Ct 

values for BVDV-1, BVDV-2 and BVDV-3 were higher when a quick protocol was used 

showing that the slow protocol were more efficient (Figure 2). 



 

Figure 2: The Ct values for standard and quick protocol for BVDV-1, BVDV-2 and BVDV-3 is shown. The 

darker colour represents the Ct values for standard protocol and the lighter colour represents the Ct values for 

quick protocol. The detection of BVDV was more efficient when the standard protocol was used. 

 

Comparison of portable PCR assay with real-time RT-PCR on the laboratory for the 

detection of BVDV-1, BVDV-2 and BVDV-3 

Data from real-time RT-PCR and portable PCR was compared to evaluate if the portable 

PCR could be used for quick determination of BVDV-1, BVDV-2 and BVDV-3. When 

comparing RNA from 16 virus isolates, the real-time RT-PCR method was able to detect 

virus in 13 samples of total 16 virus isolates, while only three samples were detected using 

the portable PCR and but for real time RT-PCR. 

 

DISCUSSION 

Bovine viral diarrhea and Border disease cause abnormal and significant economic losses 

because of high prevalence of the diseases which may lead to respiratory and reproductive 

disorders. There is therefore a need for an inexpensive, simple, rapid and portable method to 

detect viruses direct at the farm. The methods evaluated in this study included RT-LAMP and 

portable PCR. RT-LAMP is a method that was selected to detect pestiviruses because it has 
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great specificity and sensitivity. It is also a rapid method since the reaction occurs under 

isothermal conditions and denaturation step is required. The Portable PCR is a cost-effective 

method that can be used directly at the farm to detect pestiviruses. 

 

Reverse transcription PCR using Qiagen one-step RT-PCR kit was performed to confirm the 

presence of BVDV and BDV in the samples that were extracted for further analyses. Since 

BDV and BVDV-2 were not found in the infected cells, both samples were therefore 

discarded, and all positive were used for further optimization of RT-LAMP and portable 

PCR. The amplification could occur in the RT-LAMP products that included a higher 

concentration of betaine. RT-LAMP amplified all products initially, but for various reason 

the assay eventually did not work. This could be due to different factors. One cause why the 

assay did not work may be the concentration of Mg
2+

 as the available amount in the buffer 

might not be sufficient. It is possible that an extra volume of Mg
2+

 in buffer is required to 

achieve amplification. It has been shown that the reaction could be achieved when the 

concentration of Mg
2+ 

ranged from 4 mM and up to8 mM .The conclusion was that Mg
2+

 had 

the strongest affect on RT-LAMP amplification that may give rise to affect the hybridization 

of primers and the activity of the enzyme DNA polymerase (Kuboki et al., 2003; Notomi et 

al., 2000). Additional reasons to that RT-LAMP amplification did not occur could be due to 

the concentration of betaine. An increase in concentration of betaine leads to increased RT-

LAMP because betaine makes DNA templates attainable for DNA polymerase. Betaine 

stimulates the rate of the reaction, resulting in increased target selectivity with a decrease in 

amplification of unrelated sequences (Yeh et al., 2005, Henke et al., 1997, Notomi et al., 

2000). The third reason why the amplification did not work as expected might be due to the 

ability and efficiency of primers to anneal to the target. In this study, there were two inner 

and two outer primers used for amplification of RT-LAMP to recognize six distinct regions 



of the target, and the primers might did not bind tightly to the target sequences, which means 

that the reaction is not robust and did not work properly. For these reasons, the RT-LAMP 

assay was not successful in the detection of BVDV. 

The reason for using different primers by real-time RT-PCR was to find a suitable 

primer/probe set that can be used in portable PCR to detect BVDV and BDV. The positive 

reactions were detected by accumulation of a fluorescent signal where the Ct values represent 

the number of cycles required for the fluorescent signal to detect viruses. MO1 (BVDV-1) 

could be detected with difference of three cycles between the two set of primers; the second 

with an extra primer are added. This may be due to the lower efficiency detection for PCR, as 

well as the additional primer affecting the original primer. In other words, the interference 

that occurred when the mixture of primer and probe were added may due to that they do not 

hybridize tight enough to the target sequence, which lead to reduced efficiency of detection 

and reduced amount of nucleotide on the target, which in turn, cause a mismatch of the 

primers and probes on the target sequence. However, the variation in the Ct values for the 

various BVDV samples depends on the differences in quantity and/or quality of BVDV in the 

samples and PCR inhibitors. Nevertheless, NADL (BVDV-1) detected more efficient by 

adding the PanPesti primers, which was able to detect all pestiviruses. Ct values for 173157 

(BVDV-2) were varying (22.34 and 28.43), and this virus could be detected more rapidly 

when adding the PanPesti primer, in addtion, it takes more cycles to detect it when adding the 

mixture of the PanPesti primer and BVDV-3 specific primer. The CH (BVDV-3) could be 

detected better when mixture primers were added which show high efficient PCR reaction. 

This suggests that the hybridization of mixture primer and probe to target sequence was 

specific for this virus. Moreover, Ct values for TKK (BVDV-3) were higher when adding 

PanPesti primer, which involved primers with high efficiency and specificity. In summary, 

BVDV-3 could be detected more rapidly in case of adding PanPesti primer with BVDV-3 



specific primer, while BVDV-1 and BVDV-2 were more efficiently detected by the PanPesti 

set. 

The aim of testing two different incubation times in portable PCR was to shorten the assay 

time and still maintain the same performance. A high Ct value stands for a low amount of 

virus RNA in the material used while a low Ct value indicates a high amount of virus. The Ct 

values when the standard protocol was used ranged from 20 to 23 cycles, while for the quick 

protocol, the Ct values ranged from 24 to 31 cycles. Thus, the Ct values determined for all 

three viruses indicated that those viruses could be detected more efficiently when standard 

protocol was used compared to quick protocol.  

Moreover, the results of the comparison of the two assays point to the fact that the Ct values 

used for the 16 BVDV infected samples did not match each other. There were only a few 

samples that could be detected by the both assays. The results obtained indicate the difference 

between the two machines, which may lead to the requirement of a standard protocol that will 

be specific for portable PCR, since the samples could also be detected with real-time RT-

PCR. In order to understand the apparent failure of detection of BVDV, further 

investigations, including optimization, validation and evaluation of the portable PCR, are 

needed. The Portable PCR method may also be expandable or modified with additional 

specific primers and probes for the detection of BVDV or all pestiviruses. 

In conclusion, the results obtained in this study indicate that RT-LAMP and portable PCR is 

not yet suitable for the detection of BVDV and BDV, and further analyses are required. 
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