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aBSTRaCT
Bovine viral diarrhea virus (BVDV) is one of the most prevalent and economically important pathogens 

of ruminants, and leads to significant financial losses to the livestock industry worldwide. Development of rapid 
and accurate diagnostic methods is of great importance for the control and eradication of BVDV infection. 
The aim of this study was to develop a novel isothermal recombinase polymerase amplification (RPA) method 
combined with a lateral flow dipstick (LFD), for rapid detection of BVDV. RPA primers and a probe targeting 
the specific conserved 5′-UTR of BVDV genome were designed. The RPA amplification could be finished at 
a constant temperature of 38 0000C for 15 min, and the amplification product was easily visualized on a simple 
LFD within 5 min. The detection limit of this assay was 20 copies per reaction, and there was no cross-reactivity 
with other bovine infectious viruses, such as infectious bovine rhinotracheitis virus (IBRV), bovine enterovirus 
(BEV), bovine coronavirus (BcoV), bovine parainfluenza virus type 3 (BPIV-3), bovine ephemeral fever virus 
(BEFV) and bovine respiratory syncytial virus (BRSV). The assay performance on bulk tank milk was also 
evaluated, and the sensitivity and accuracy of BVDV LFD RPA was compared with real-time RT-PCR. Of 284 
pool or bulk tank milk samples, 51 were found to be positive by RPA assay, whereas 52 were positive by real-
time RT-PCR. The coincidence rate between LFD RPA and real-time RT-PCR was 97.54% (277/284). 
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Introduction
Bovine viral diarrhea virus (BVDV) is an economically important pathogen of 

widespread infectious diseases of cattle, pigs and other ruminants. BVDV infections are 
associated with multiple forms of clinical syndromes ranging from transiently detectable 
mild clinical symptoms to a fatal mucosal disease (BRODERSEN, 2014; LARSON, 2015). 
Moreover, persistently infected (PI) animals are the main source of virus transmission 
and spread the virus throughout their life, with typically asymptomatic or subclinical 
infections, which cause significant economic losses to the livestock industry worldwide 
(GROOMS et al., 2014; RODNING et al., 2012). Therefore, development of rapid and 
accurate diagnostic methods and removing positive animals from the herds is of primary 
importance for the control and eradication of BVDV infection.

BVDV belongs to the genus Pestivirus of the Flaviviridae family. It is a single-
stranded, positive-sense RNA molecule consisting of the 5′ untranslated region (5′-UTR), 
a single open reading frame (ORF) encoding structural proteins, and the 3′ untranslated 
region (3′-UTR). The 5′-UTR is most often targeted for molecular diagnostic tests and 
genetic typing due to its highly conserved region in the pestivus genome. Commonly, 
BVDV strains can be categorized into BVDV-1 and BVDV-2, and each genotype has been 
further divided into distinct subtypes (CIULLI et al., 2008; DENG et al., 2015). Most of 
all, while some BVDV-1 subtypes are currently widely distributed in cattle populations, 
there are also the sporadic reports of a certain number of BVDV-2 isolates in China (LIU 
et al., 2012; ZHU et al., 2016).

For large-scale epidemiological studies, antibody and nucleic acid detection of 
bulk tank milk (BTM) samples are used as an effective and inexpensive method to 
determine a herd’s exposure to infectious agents (FODDAI et al., 2015; GONZALEZ 
et al., 2014). At present, BVDV antibody/antigens in bulk tank milk can be routinely 
detected using enzyme-linked immunosorbent assay (ELISA), conventional RT-PCR 
and real-time RT-PCR (DUBOVI, 2013; FODDAI et al., 2015; LANYON et al., 2014). 
However, the currently available diagnostic tests remain laboratory-based and require 
sophisticated instruments or commercial kits operated by specially trained personnel. 
Thus, the development of rapid and accurate bulk milk diagnostic methods is useful for 
identification of BVDV herd infection status.

Recombinase polymerase amplification (RPA) is a novel isothermal alternative 
to PCR, which targets and amplifies DNA from clinical samples with high sensitivity 
and specificity (PIEPENBURG et al., 2006). RPA is conducted independent of precise 
temperature control, and its amplification products can be detected by gel electrophoresis, 
probe-based fluorescence monitoring or lateral flow dipsticks (LFD) depending on the 
specific primers and/or probe configuration (PIEPENBURG et al., 2006; JAMES and 
MacDONALD 2015; DAHER et al., 2016). In particular, LFD is suitable for non-
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laboratory environments, as well as for use in resource limited fields, in virtue of its 
simplicity and portability (LIU et al., 2016). Recently, LFD-RPA assay has been widely 
applied for rapid visual detection of viruses, bacteria and parasites of veterinary importance 
(JAROENRAM and OWENS, 2014; KERSTING et al., 2014; LIU et al., 2017; TU et al., 
2017; WU et al., 2017; YANG et al., 2016; YIN et al., 2017). Although fluorescence 
monitoring RPA technology has been used for detection of BVDV (AEBISCHER et al., 
2014), the assay needs specialized fluorescent instruments and uses different labeled 
probes and primers from LFD RPA assay. However, there is no report about LFD RPA 
assay developed for detection of BVDV, evaluating its performance on clinical bulk tank 
milk samples. 

In this study, we developed a rapid RPA method combined with a lateral flow dipstick 
(LFD) for simple, sensitive detection of BVDV, and evaluated its performance on clinical 
bulk tank milk samples.

Materials and methods
Viruses, cell and clinical specimens. Bovine viral diarrhea virus (BVDV)/NADL 

strain, infectious bovine rhinotracheitis virus (IBRV)/BarthaNu/67strain, and bovine 
parainfluenza virus type 3 (BPIV-3)/BN-1 strain were preserved in our laboratory. 
Other bovine virus strains for cross reactivity testing used in this study were provided 
by cloned cDNA: entire genome sequence of bovine enterovirus (BEV)/VG-5-27strain, 
bovine coronavirus (BcoV)/ENTstrain (Gene Bank No:NC_003045.1), bovine ephemeral 
fever virus (BEFV)/(Gene Bank No: NC_002526.1), bovine respiratory syncytial virus 
(BRSV)/A51908strain, respectively. 284 pool or bulk tank milk samples were collected 
from 22 dairy herds in China, with a scale ranging from 30 to 700 animals. 

Isolation of DNA/RNA, cDNA synthesis. DNA/RNA of IBRV, BVDV and BPIV3 
were extracted from 200 μL of infected cell culture supernatant, using the viral DNA/
RNA extraction kit (TAKARA Co., Ltd., Japan) according to manufacturer’s instructions. 
The DNA/RNA was eluted in 50 μL of nuclease-free water, and then the extracted RNA 
was used as a template for cDNA synthesis using reverse transcription with random 
primers, according to the instructions for the RevertAid First Strand cDNA Synthesis Kit 
(Fermentas, Canada). All templates were stored at -70 0C until further use.

Generation of DNA standard. The BVDV 5′-UTR region fragment (300 bp) were 
synthesized by Jierui (Shanghai, China) and cloned into the pEASY-T3 vector, designated 
as 5′UTR-T3-RPA. The 5′UTR-T3-RPA standard DNA was measured using a Nanodrop 
ND-1000 spectrophotometer (Thermo Scientific, Dreieich, Germany). The DNA copy 
number was calculated by the equation: DNA cope number = (M×6.02×1023×10-9)/
(n×660) (XIA et al., 2014), M: molecular weight, n: plasmid concentration measured at 
260 nm. DNA standard was stored at -20 0C until further use.
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Design of RPA primers and LF probe specific for BVDV. By alignment analysis of 
the conserved 5′-UTR region of BVDV representative reference strains, (as previously 
described by LUZZAGO et al. 2014), a series of primers and LF probes were designed 
according to the RPA instructions of TwistDx (TwistDx, Ltd., Cambridge, United 
Kingdom). Briefly, a length of 30 bp to 35 bp is recommended for RPA primers. The 
TwistAmp LF Probe oligonucleotide backbone includes a 5′-antigenic label FAM group, 
an internal abasic nucleotide analogue ‘dSpacer’ and a 3′-polymerase extension blocking 
group C3-spacer. One amplification primer opposing the TwistAmp LF Probe is labeled 
with biotin at its 5′ end, thus dual-labeled amplicon can be detected simultaneously on the 
LFD. Oligonucleotides of the primers and LF probes used in the study were synthesized 
by Sangon Biotech (Shanghai, China). 

Optimization of laboratory based RPA assays. TwistAmp nfo kits were supplied 
as dry enzyme pellets in eight strips within vacuum-sealed pouches (TwistDx, Ltd., 
Cambridge, United Kingdom). The BVDV RPA was performed in a 50 μL final reaction 
volume according to the instructions outlined in the Twist Amp nfo kit manual. The 
rehydration solution contained an optimized blend of DNA template and primers, and 
an LF probe. Each reconstituted reaction mixture contained 2 μL DNA template, 2.1 μL 
(10 μM) primer, 0.6 μL(10 μM) TwistAmp LF probe, and 29.5 μL rehydration buffer. 
This mixture was then added directly to lyophilized RPA reagent pellet, followed by 
brief mixing, and then the reaction was initiated by adding 2.5 μL of magnesium acetate 
(280 mM). The tubes were then incubated at 20 0C, 25 ºC, 30 ºC, 35 ºC, 38 ºC, 40 ºC, 
42 ºC or 50 ºC in an incubator block for 4 min. As recommended, the samples were 
blended top-down and bottom-up 6-8 times after 4 minutes’ incubation, and additional 
incubation continued for 1 min, 6 min, 11 min, 16 min, and 21min. In addition, in each 
run, the positive control template, supplied with the Twist Amp nfo kit (primers/probe 
and template) and a negative control template with (nuclease-free) water were included.

Lateral flow dipstick (LFD) assay. Milenia’s Genline Hybridetect-1 or Hybridetect-2 
LFD duplexes labeled with anti-FAM gold conjugates and anti-Biotin antibodies from 
Milenia GmbH (Germany) were used in this study for detection of LFD-RPA amplified 
nucleic acids. 2 μL of hybridisation products were mixed with 98 μL of PBST (1×phosphate 
buffered saline with 0.1% tween20) running buffer. The LFD were then placed into the 
PBST dilution in a 96-well plate. The positive amplification product may be indicated by 
both test line and control line on the strip and visualized simultaneously within 5 min, and 
the negative control (no template) should generate a separate control line, whereas, the 
absence of a control line on the LFD indicates the strip did not work correctly.

Analytical of sensitivity, specificity and reproducibility of the assay. To determine 
the detection limits of this assay, ten-fold serial dilutions of the standard 5′UTR-T3-
RPA plasmid ranging from 2.0×109 to 2.0×100 copies per reaction were detected within 
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the same sample run. The operation steps were performed according to the section on 
optimization of laboratory based RPA assays. 

The specificity of the assay was assessed using other bovine infectious pathogens. 
DNA of IBRV and cDNA of BVDV, BPIV-3 was prepared from cell culture supernatant, 
respectively. Clones of full genome of BEV, BcoV, BEFV and BRSV were supplied as 
templates in the LFD RPA reaction. Additionally, 2.0×105 copies per reaction of standard 
5′UTR-T3-RPA plasmid of BVDV and BVDV-free samples were used as a positive 
control and a negative control respectively.

To evaluate the reproducibility of the LFD RPA assay, 2.0×103 copies per reaction, 
and 2.0×101 copies per reaction of standard 5′UTR-T3-RPA plasmid, used as a template 
and negative control (BVDV-free samples), were tested three times, respectively. The 
amplification product was shown on the strip visualized within 5 min.

Bulk tank milk samples preparation. 284 pool or bulk tank milk samples were directly 
collected by the milk-truck driver from 22 dairy herds. In brief, the milk was agitated in 
the bulk tank for 5 min with sufficient mixing before collection, and then 5 mL of milk 
was pipetted into a sterilized centrifuge tube. Samples were stored on ice, transported 
under refrigeration to the laboratory immediately, and preserved at 4 ºC until analysis. A 
200 μL milk sample was separated for RNA extraction using an RNA simple total RNA 
extraction kit (Tiangen Biotech, Beijing) according to the manufacturer’s instructions. 
cDNA synthesis of the extracted RNA using random primers was prepared according to 
the instructions for the RevertAid First Strand cDNA Synthesis Kit (Fermentas, Canada). 
A volume of 2 μL of cDNA extracted from each bulk tank milk specimen was used as a 
template in the RPA reactions.

SYBR Green I based real-time RT-PCR for amplification of BVDV. The qRT-PCR 
assay based on the SYBR Green I technology was performed for detection of BVDV 
with the primers targeting 5′-UTR. In brief, the oligonucleotides of the primers used in 
the qRT-PCR assay were as followed: BVD-F TGGTGAGTTGGTTGGATGGCTTAA, 
BVD-R CCCTATCAGGCTGTATTCGT. The reaction was carried out in a 25 μL volume 
containing 12.5 μL of SYBR Premix Ex Taq II (TAKARA, Japan), and 600 nM of forward 
and reverse primers BVD-F and BVD-R, respectively. The thermal protocols were as 
follows: 1 cycle of 95 ºC for 30 s, followed by 40 cycles of 95 ºC for 5 s, annealing at 65 
ºC for 30 s and extension at 60 ºC for 30 s. The fluorescent signal was collected during the 
elongation step. In diagnostic real-time RT-PCR assays, the cycle threshold (Ct) cut-off 
value was set to 35, meaning that Ct values <35 were considered positive and Ct values 
≥35 were considered negative. 
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Results
Determination of LFD-RPA primers and probe. Four RPA primers and the 

corresponding LF probe targeting the 5′-UTR for detection of both BVDV genotypes 
were designed (Table 1) and employed for further validation in this study. The candidate 
primers/probe for the LFD-RPA assay were screened by performing TwistAmp nfo 
reactions and were preliminarily analyzed on the LFD, because the LFD-RPA reaction 
time is composed of the RPA constant-temperature amplification time and the LFD 
incubation time. The RPA amplification among those primer sets was conducted at 38 
ºC for 15 min. The test line of the LFD results showed that the BV-4F/BV-4R/BV-4LF 
primers work effectively faster than other sets within 5 min (Fig. 1). Therefore, the BV-
4F/BV-4R/BV-4LF primer set was chosen for subsequent evaluation.

Table 1. The oligonucleotide sequences of primers and probes designed for screening in the study

Primers Oligonucleotide sequences (5’-3’) Sizes
BV-1F 5’-AAATGTCCTGACAATGATGTACGGCTTCTGC-3’

188bpBV-1R 5’-[Biotin]TTATCTTCTGAGGTTTGCCTGCTTCATGAAGAAT-3’

BV-1LF 5’- [FAM ]GTCTGTGGGGATGATGGCTTCTTAATAAC [dSpacer ]
GAAAAAGGGTTAGGGCTGAAAT[C3-spacer]-3’

BV-2F 5’-CAAGAGTTATCCAATACCCTGAAGCCAAGA-3’

158bpBV-2R 5’-[Biotin]GAACGAGTCCCATTCCTTTCTCACTTTATC-3’

BV-2LF 5’-[FAM]ATAAAGTGAGAAAGGAATGGGACTCGTTC [dSpacer]
ATGAGCCAGTGGCCGTAA[C3-spacer]-3’

BV-3F 5’-CAAGAGTTATCCAATACCCTGAAGCCAAGA-3’

297bpBV-3R 5’-[Biotin]GGTCGGTGATGGTGTCAATGAACTTGTGCCACTC-3’

BV-3LF 5’-[FAM]TGATAAAGTGAGAAAGGAATGGGACTCGTT[dSpacer]
AATGAGCCAGTGGCCGTA[C3-spacer]-3’

BV-4F 5’-CCTGAGTACAGGGTAGTCGTCAGTGGTTCGAC-3’

180bpBV-4R 5’-[Biotin]CAATACAGTGGGCCTCTGCAGCACCCTATCAGGC-3’

BV-4LF 5’-[FAM]CTCGAGATGCCACGTGGACGAGGGCATGCCCA[dSpacer]
AGCACATCTTAACCTG[C3-spacer]-3’

Note: F: forward primer; R: reverse primer; LF: probe; FAM: Carboxyfluorescein; dSpacer: a tetrahydrofuran 
residue; C3-spacer: 3’-block
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Fig. 1. Validating the designed primers/probe of BVDV LFD-RPA assay. Lateral-flow dipstick 
analysis of RPA products generated with designed primers/probes set. Lane 1: positive control 

(supplied by Twist Amp nfo kit); Lane 2: negative control (supplied by Twist Amp nfo kit); 
Lane 3-4: BVDV amplicons performed with RPA primer pair BV1F/1R/1LF and corresponding 
negative control (DNase-free water), Lane 5-6: BV2F/2R/2LF and its negative control (DNase-
free water); Lane 7-8: BV3F/3R/3LF and matches negative control (DNase-free water); Lane 

9-10: BV4F/4R/4LF and respective negative control (DNase-free water). Samples were tested in 
triplicate with one reaction displayed in the figure for each triplicate.

Optimization of reaction temperature and incubation time. In searching for the 
optimal reaction conditions for this methodology, the results showed that the well 
amplified product was observed at a wide range of temperatures, from 30 ºC to 42 ºC 
(Fig. 2A), and a weaker visible test band was seen in reactions incubated at 20 ºC, 25 
ºC and 50 ºC. To ensure maximum practical and handy use in the field, an incubation 
temperature of 38 ºC was selected for subsequent evaluation under different incubations. 
The results of reaction times demonstrated that the products could be effectively detected 
when the amplified time was 15 min or longer (Fig.2B). In order to keep this assay rapid, 
efficient and useful at the point of-care, the BVDV LFD-RPA assay was thus performed 
at 38 ºC for 15 min.

Sensitivity, specificity and reproducibility of the RPA assay. The analytical sensitivity 
of the BVDV assays developed was determined using 10-fold serial dilutions of the 
standard G-T3-RPA plasmid, ranging from 2.0×109 to 2.0×100 copies per reaction. The 
minimum virus detection limits of LFD-RPA were as low as 2.0×101 copies per reaction 
(Fig.3A). For comparison, all these ten-fold serially diluted templates were performed by 
real-time qPCR, with the amplification curve based on the CT values, and showed that 
there was also limited detection at 2.0×101 copies per reaction (Fig. 3B). Therefore, the 
sensitivity of our LFD-RPA assay was identical to the real-time qPCR.

The specificity of the assay was assessed using other bovine infectious pathogens, 
such as IBRV, BPIV-3, BEV, BcoV, BEFV and BRSV. As shown in Fig.4A, no cross-
reactions were observed on the dipstick within 5 min, indicating that the selected primers/
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probe were specific for BVDV detection. The reproducibility of the assay was tested 
with the standard plasmid and negative controls in 3 replicates. The results of the same 
templates showed the similar findings (Fig. 4B), demonstrating that this method is feasible 
with stability and repeatability.

Fig. 2. Determination of reaction temperature and time. (A) The LFD-RPA works effectively at a 
broad range of constant reaction temperatures. (B) The LFD-RPA amplification can be visible on 

the LFD at 15min or longer.

Fig. 3. Comparison of the sensitivities of the LFD-RPA and real-time RCR assay. (A) Molecular 
sensitivity of RPA. Templates of lane 1 to 10 in these reactions extracted from ten-fold serially 
diluted standard plasmid ranging from 2.0×109 to 2.0×100 copies per reaction. Samples were 
tested in triplicate with one reaction displayed in the figure for each triplicate. (B) Analytical 

sensitivity of real-time qPCR. Serial dilutions of BVDV standard plasmid were used to analyze 
the sensitivity of real-time qPCR with the same amount of template of RPA.

Performance of LFD-RPA on bulk milk. The LFD-RPA assay for the detection of 
BVDV was evaluated by performance of the assay on 284 bulk tank milk samples. The 
performance of the LFD-RPA assay was compared to that of the conventional RT-PCR 
and qRT-PCR assays. 

A

B
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Fig. 4. Specificity of the LFD-RPA assay. (A) The specificity of the BVDV LFD-RPA assay. 
Lanes 1: BVDV; Lane 2: negative control (DNase-free water); Lanes 3 to 7: IBRV, BPIV-3, BEV, 
BcoV, BEFV, respectively. Samples were tested in triplicate with one reaction displayed in figure 
for each triplicate. B) Repeatability of limits detection. The sensitivity of the assay using BVDV 
templates extracted from 2.0×103 and 2.0×101 copies per reaction and negative control (DNase-

free water) were also evaluated in 3 replicates, respectively. NC represents negative control.

The results of those assays showed that out of the 284 samples, a total of 24 bulk 
milk specimens tested positive by conventional RT-PCR, while in the performance of the 
BVDV RT-RPA in comparison to the qRT-PCR assay there were no significant differences 
since 51 specimens were found positive by BVDV RPA nucleic acid amplification assays 
on LFD within 5 min, and 52 specimens were positive with the Ct values below 35 using 
the real-time RT-PCR assay. Therefore, the positive rates detected by conventional RT-
PCR, LFD-RPA, and real-time qPCR were 8.45% (24/284), 17.96% (51/284), 18.31% 
(52/284), respectively. This particular LFD-RPA therefore was highly sensitive compared 
with the conventional RT-PCR, and was in good agreement with real-time RT-qPCR. In 
addition, the results indicate that the BVDV LFD-RPA might be suitable for detection of 
BVDV in bulk milk. 

Discussion
BVDV is considered one of the most important pathogens of cattle, and contributes 

significantly to health-related economic losses in the cattle industry worldwide. To date, 
investigation of BVDV diversity has indicated that at least 18 potential subtypes (1a to 
1t) have been described within BVDV-1, and of those subtypes, BVDV 1a, 1b, 1c, 1d, 
1m, 1o, 1p, and 1q are currently predominant in the cattle population in China (DENG et 
al., 2015; XUE et al., 2010; ZHONG et al., 2011), and there is still a sporadic presence of 
a limited number of BVDV-2 isolates(LIU et al., 2012; WANG et al., 2014; ZHU et al., 
2009). Therefore, establishing rapid detection methods, especially for both BVDV strains 
circulating in China, is the aim of BVD control projects. 
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A crucial step of RPA is to identify the appropriate primers and probes. However, 
unlike PCR-based nucleotide amplification assays, it should be noted that the primer and 
probe set of RPA is much more stringent as it requires longer primers (30-35 bases) 
and probes (46-52 bases), leading to the potential for formation of secondary structures. 
Beyond that, there is no ideal design support software available for RPA. Furthermore, 
we also found that BVDV 5′-UTR partially overlaps with the region sequenced from 
reference isolates, which poses unique challenges for BVDV molecular detection. In this 
study, different primer and probe combinations were designed according to the dominant 
BVDV strains circulating in China (Table 1). The LFD-RPA system was first established 
by screening the effective primers and probes (Fig. 1), and then reaction temperature and 
incubation time were optimized for conditions with a wide temperature range (30-42 0C) 
(Fig. 2A, 2B). It indicated that the RPA reaction can be achieved with a simple heating 
device, even body heat (CRANNELL et al., 2014; LILLIS et al., 2014). In addition, 
the LFD-RPA assay can specifically amplify target DNA ranging from trace levels to 
detectable amounts of product in an isothermal format in less than 15 min, which was 
quicker than other methods including PCR, LAMP. With regard to analytical sensitivity, 
the RPA developed in this study showed a performance limit of detection of 2.0×101 
copies per reaction equaled to RT-qPCR, which was much higher analytical sensitivity 
than the previously reported real-time RPA assay (5.0×104 copies per reaction) (Fig. 3A, 
3B). The study of specificity showed that the assay did not show test brand from other 
bovine infectious viruses or BVDV negative samples (Fig. 4A). It is worth mentioning 
that the high sensitivity and specificity of this assay supported the good use of gold-
labeled anti-FAM and anti-Biotin antibodies to capture RPA product simultaneously. 
The reproducibility of the assay showed similar results (Fig. 4B), demonstrating that this 
method is stable.

As is well known, real time RPA and loop-mediated isothermal amplification 
(LAMP) for diagnosis of BVDV are innovative isothermal amplification nucleic acid 
tests (AEBISCHER et al., 2014). Nevertheless, LFD-RPA assay outperformed these 
methods in terms of simplicity, although LFD-RPA is not appropriate for quantitative 
analysis of nucleic acid. LFD-RPA assay generates testing results at body temperature 
(38 ) on the LFD with naked eye inspection, while the LAMP assay needs at least four 
primers and six binding sites and a high reactive temperature (65 0C), and real time RPA 
requires fluorescent instrumentation. 

Previous studies have reported that bulk milk antibody testing is frequently used as a 
relatively quick and economical method for assessing herd BVDV exposure (GONZALEZ 
et al., 2014), and a number of diagnostic techniques, such as polymerase chain reaction, 
one-step single-tube RT-duplex PCR method, and virus isolation (VI) have proven to be 
in common use to evaluate lactating animals in a herd (BENDFELDT et al., 2005; KIM 
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and DUBOVI, 2003; RENSHAW et al., 2000). However, these methods have their own 
strengths and weaknesses in terms of low sensitivity, and they are time-consuming. In 
this study, we developed a rapid and highly sensitive LFD-RPA assay for the detection 
of BVDV in bulk milk. There was very good correlation between LFD- RPA and real-
time RT-PCR (Table 2), which means that the molecular assay is suitable for detection in 
resource-limited settings. However, the BVDV LFD-RPA assay is not currently applied 
in the field because of the requirement of prepared BVDV genomes to make cDNA prior 
to performing the test, and further improvements and a substantial number of samples are 
required for better validation. 

Table 2. Comparative performances of RT-PCR, LFD-RPA and Real-time RT-PCR assays for 
detection in bulk tank milk

Herd 
No. Size

Numbers of 
bulk milk

LFD-RPA RT-PCR Real-time RT-PCR
Pos. Neg. Pos. Neg. Pos. Neg.

1 700 18 6 12 4 14 6 12
2 169 20 2 18 0 20 1 19
3 368 11 3 8 0 11 3 8
4 195 9 0 9 0 9 0 9
5 95 13 2 11 1 12 2 11
6 140 17 2 15 0 17 3 14
7 102 11 3 8 1 10 3 8
8 30 8 2 6 0 8 2 6
9 207 16 5 11 4 12 6 10
10 306 9 4 5 3 6 4 5
11 148 19 3 16 2 17 3 16
12 121 16 3 13 2 14 3 13
13 209 10 1 9 0 10 2 8
14 119 13 2 11 0 13 1 12
15 68 15 1 14 0 15 1 14
16 323 16 4 12 3 13 4 12
17 102 11 2 9 1 10 2 9
18 86 9 0 9 0 9 0 9
19 377 19 2 17 0 19 2 17
20 87 5 0 5 0 5 0 5
21 670 8 1 7 1 7 1 7
22 140 11 3 8 2 9 3 8

Total 4762 284 51 233 24 260 52 232
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Conclusions 
A combination of RPA amplification with LFD detection was successfully developed 

for the rapid, sensitive and specific detection of BVDV in bulk milk. In addition, this 
methodology of LFD-RPA for BVDV may save much time in epidemiological surveillance 
and aid in identification of persistent BVDV infected individuals in beef and dairy farms. 
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rekombinazne polimeraze i test-traka za „lateral flow“ analizu. Vet. arhiv 88, 627-
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SAžetAK
Uzročnik virusnog proljeva goveda (BVDV) jedan je od najčešćih i ekonomski važnih patogena preživača 

koji uzrokuje znatne financijske gubitke u stočarskoj industriji širom svijeta. Razvoj brzih i točnih dijagnostičkih 
metoda iznimno je važan za kontrolu i iskorjenjivanje zaraze BVDV-om. Cilj ovog istraživanja bio je razviti 
novu metodu za brzo otkrivanje BVDV-a baziranu na kombinaciji metoda umnožene rekombinazne polimeraze 
i test-traka za „lateral flow“ analizu. Oblikovane su početnice i probe za umnažanje rekombinazne polimeraze 
usmjerene na specifični konzervirani 5’-UTR u genomu BVDV-a. Umnažanje se moglo završiti pri konstantnoj 
temperaturi od 38 °C tijekom 15 minuta i produkt umnažanja je lako vizualiziran na jednostavnoj test-traci 
za „lateral flow“ analizu unutar 5 minuta. Test je ograničen na 20 kopija po reakciji, pri čemu nije bilo križne 
reaktivnosti s drugim goveđim zaraznim virusima kao što su infektivni rinotraheitis virusa goveda (IBRV), 
goveđi enterovirus (BEV), goveđi koronavirus (BcoV), virus goveđe parainfluence tipa 3 (BPIV-3), virus 
gljivične ephemeralne groznice (BEFV) i goveđi respiratorni sincicijski virus (BRSV). Učinkovitost kombinacije 
navedenih metoda istražena je i s obzirom na usporedbu osjetljivosti odnosno točnosti koja se dobiva uporabom 
RT-PCR metode. Od 284 skupna uzorka mlijeka iz spremnika, kombinacijom metoda umnožene rekombinazne 
polimeraze i test-traka za „lateral flow“ analizu utvrđen je 51 pozitivan uzorak, a RT-PCR 52 pozitivna uzorka. 
Stopa podudarnosti između navedenih metoda bila je 97,54 % (277/284).

Ključne riječi: uzročnik virusnog proljeva goveda (BVDV), umnažanje rekombinazne polimeraze, test-
traka za „lateral flow“ analizu, mlijeko iz spremnika ________________________________________________________________________________________


