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ARTICLE INFO ABSTRACT

The emergence of novel and divergent HoBi-like pestivirus (HoBiPeV) strains in cattle in Asia recently has raised
concerns with regard to their reliable and accurate diagnosis. Hence, the aim of this study was to evaluate
currently available BVDV diagnostic tests and HoBiPeV-specific diagnostic tests in detection of genetically di-
vergent strains of HoBiPeV. One strain each of HoBiPeV-c and d were subjected to two BVDV diagnostic RT-PCR
tests, one HoBiPeV specific RT-PCR test, three BVDV diagnostic QRT-PCR tests, one HoBiPeV specific qRT-PCR
test and two BVDV antigen capture ELISAs. Archived cattle sera (n = 41) from farms with reports of HoBiPeV
natural infection were assessed for detection of HoBiPeV antibodies by VNT and two commercial BVD antibody
ELISA kits. BVDV diagnostic qRT-PCR tests had better sensitivity than BVDV diagnostic RT-PCR tests, while
majority of them except a commercial kit showed a lower sensitivity for HoBiPeV-d strain. The HoBiPeV specific
qRT-PCR test was found more sensitive than HoBiPeV specific RT-PCR but both had lower sensitivity for
HoBiPeV-d strain, as displayed by primer/probe sequence mismatches. The BVDV E™ antigen ELISA detected
both the strains of HoBiPeV, but with a lower sensitivity for HoBiPeV-d strain, whereas BVDV NS3 antigen ELISA
failed to detect them even at a high HoBiPeV titre. Compared to VNT, commercial BVDV antibody ELISA showed
low to moderate sensitivity in detection of HoBiPeV antibodies, with a failure rate of 31.25% for the whole virus
antigen based ELISA and a failure rate of 56.25% for NS3 antibody ELISA. The present study demonstrated new
challenges in HoBiPeV diagnosis indicating a need in improvement of both HoBiPeV specific diagnostic RT-PCR
and qRT-PCR for better utility in HoBiPeV epidemiology and biological product safety. Although more studies
are required, this study reinforces that combined use of BVDV E™ and NS3 antigen ELISA may have some utility
in preliminary differentiation between HoBiPeV and BVDV infection in PI cattle. Additionally, we show that the
comparative VNT has a better sensitivity in detection of HoBiPeV exposure and there is a need of robust antibody
ELISA for reliable detection of antibodies against this emerging bovine pestivirus.
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1. Introduction

Bovine pestiviruses are important pathogens of cattle and have
significant economic impact on dairy cattle production worldwide. This
group of viruses within the family Flaviviridae, genus Pestivirus have
recently been classified into three of the eleven officially recognized
pestivirus species, Pestivirus A, comprising of bovine viral diarrhea virus
1 (BVDV-1), Pestivirus B, comprising of bovine viral diarrhea virus 2
(BVDV-2) and Pestivirus H, comprising of HoBi-like pestivirus
(HoBiPeV) (Smith et al., 2017). While the species demarcation criteria
include differences in nucleotide and deduced amino acid sequence
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relatedness, antigenic relatedness and host origin, these bovine pesti-
viruses cause subclinical to severe acute disease called bovine viral
diarrhea (BVD) and highly fatal mucosal disease (MD) in cattle.
Similar to other pestiviruses, HoBiPeV genome consists of a single-
stranded positive-sense RNA of about 12.3 kb in length. A single open
reading frame codes for four structural proteins (C, E™s, E1 and E2) and
seven to eight non-structural proteins (NP*°, p7, NS2-3, NS4A, NS4B,
NS5A,NS5B), and is flanked by 5- and 3’-untranslated regions (UTR)
(Meyers and Thiel, 1996). Although related to certain extent, significant
genetic and antigenic differences exist among HoBiPeV, BVDV-1 and
BVDV-2. BVDV-1 has been further divided into 21 genotypes (Yesilbag

Received 30 May 2019; Received in revised form 17 July 2019; Accepted 23 July 2019

Available online 24 July 2019
0166-0934/ © 2019 Elsevier B.V. All rights reserved.



D. Moorthy, et al.

et al., 2017), while BVDV-2 has been classified into three genotypes
(Neill et al., 2019), and HoBiPeV into 3—4 genotypes (Liu et al., 2009;
Mishra et al., 2014; Giammarioli et al., 2015).

Since the first detection of strain D32/00-‘HoBi’, in foetal bovine
serum (FBS) originating from Brazil (Schirrmeier et al., 2004), HoBiPeV
has frequently been identified in commercial FBS batches, mostly of
South American origin but also originating from Mexico, Canada and
Australia and in contaminated cells (Xia et al., 2011; Mao et al., 2012).
Natural HoBiPeV infection in cattle has so far been reported in Brazil,
Italy, Thailand, India and Bangladesh (Cortez et al., 2006; Stahl et al.,
2007; Kampa et al., 2009; Decaro et al., 2011; Haider et al., 2014;
Mishra et al., 2014), while HoBiPeV is the most prevalent ruminant
pestivirus in Northeastern Brazil (Silveira et al., 2018). Natural infec-
tion has also been reported in buffaloes in Brazil (Cortez et al., 2006)
and in sheep and goats in China (Shi et al., 2016). The association of
HoBiPeV with reproductive disease (Decaro et al., 2012a), severe re-
spiratory disease (Decaro et al., 2011, 2012b, 2013), gastroenteritis and
economic losses in cattle farms (Decaro et al., 2016) and mucosal dis-
ease in cattle (Decaro et al., 2014; Weber et al., 2016; Cruz et al., 2018)
and respiratory disease in small ruminants (Shi et al., 2016) has raised
further concerns.

The clinical outcome following infection with field strains of clas-
sical BVDV-1, BVDV-2 or HoBiPeV varies vastly and include enteric,
respiratory and reproductive disease (Evans et al., 2019). Hence, these
pestiviruses cannot be differentiated on the basis of only clinical pre-
sentation and requires laboratory diagnostic tests. A TagMan assay for
specific detection of HoBiPeV has been developed earlier (Liu et al.,
2008), while TagMan assays able to detect HoBiPeV (Losurdo et al.,
2015) and discriminate them from extant bovine pestiviruses (Mari
et al.,, 2016) have recently been developed. Although it was initially
thought that HoBiPeV are less diverse genetically, marked genetic di-
versity has been identified recently, with reports of novel and divergent
HoBiPeV lineages circulating in cattle in India and Bangladesh (Mishra
et al., 2014; Haider et al., 2014; Giammarioli et al., 2015). Previous
studies have shown that the diagnostic tests designed for classical
BVDV-1 and BVDV-2 either fail to detect HoBiPeV or detects HoBiPeV
with reduced sensitivity (Schirrmeier et al., 2004; Peletto et al., 2012;
Bauermann et al., 2013; Larska et al., 2013). However, these BVDV
diagnostic tests or currently available HoBiPeV specific tests have not
been evaluated for their ability in detection of novel and highly di-
vergent HoBiPeV, which is not only important for HoBiPeV free coun-
tries, but also for the countries where these viruses currently circulate.
Hence, the objective of this study is to evaluate currently available
BVDV diagnostic tests and HoBiPeV-specific diagnostic tests in detec-
tion of genetically divergent HoBi-like pestiviruses circulating in cattle.

2. Materials and methods
2.1. Viruses and cells

HoBi-like pestivirus strains, Ind BHA5309/12 (GenBank Acc.:
KM201300 5-UTR, KM261864 - NP®) and Ind ABI15383/12
(GenBank Acc.: KM201313 - 5-UTR, KM261878 - NP™®) (Mishra et al.,
2014), BVDV-1b strain Ind S-1449 (GenBank Acc: AY911670) (Mishra
et al., 2004) and BVDV-2a strain Ind 141353 (GenBank Acc:
HQ444199) (Behera et al., 2011), obtained from the pestivirus re-
pository of ICAR-National Institute of High Security Animal Diseases,
Anand Nagar, Bhopal, India were propagated in BVDV free Madin-
Darby Bovine Kidney (MDBK) cells obtained from Cell Culture Collec-
tion of Veterinary Medicine, Friedrich-Loeffler Institute, Island of
Riems, Germany. MDBK cells were propagated in Eagle’s Minimum
Essential Medium (EMEM,; Sigma) supplemented with 15% horse serum
(Gibco-BRL Life Technologies), while the virus strains were propagated
using EMEM supplemented with 7.5% horse serum. After 4 days, the
infected cultures were frozen and thawed thrice and the clarified su-
pernatants were subjected to immuno peroxidase monolayer assay
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(IPMA) using pan-pestivirus (WB103/105) monoclonal antibodies as
described earlier (Mishra et al., 2008). The virus titres were determined
using the previously described method (Reed and Muench, 1938) and
stored at —80 °C until used.

2.2. RNA extraction

Viral RNA was extracted from 140l infected cell culture super-
natants from serial 10-fold dilutions of HoBiPeV, BVDV-1 and BVDV-2
strains of known titre or uninfected cell culture supernatants by
QIAamp viral RNA mini kit (Qiagen, Hilden, Germany) following the
manufacturer’s instructions. RNA extraction from pestivirus free cattle
serum spiked with known concentrations of HoBiPeV/BVDV-1 was
conducted using the same protocol. The RNA was recovered in 30 pl of
RNase-free water and stored at —80 °C until used.

2.3. Evaluation of BVDV diagnostic and HoBiPeV specific conventional RT-
PCR

A comparative study was taken up to determine the detection limit
of BVDV diagnostic (BVDV-1 and BVDV-2) and HoBiPeV specific con-
ventional RT-PCR using RNA extracted from HoBiPeV strains,
IndBHA5309/12 and Ind15385/12. For comparative purposes, BVDV-1
strain Ind S-1449 and BVDV-2 strain Ind 14135 were also used. The list
of primers used here is described in Table 1. The relationship between
the genetically divergent HoBiPeV strains used here and other HoBiPeV
strains and reference pestiviruses is shown in Fig. 1. The BVDV diag-
nostic RT-PCR included widely used pestivirus primer sets, 324/326
(Vilcek et al., 1994), and the primer sets, BVD190-F (Hoffmann et al.,
2006) and 326 (Vilcek et al., 1994). The reactions were performed in
25 pL volume using 2 pL of template RNA and SuperScript™ III One-Step
RT-PCR System with Platinum™ Taq DNA Polymerase (Invitrogen,
Carlsbad, USA) with the following thermal reaction conditions: one
cycle at 60 °C for 30 min (RT step), one cycle at 94 °C for 2 min (initial
denaturation of DNA) and 35 cycles of denaturation at 94 °C for 30s,
annealing at 55 °C for 30s and elongation at 68 °C for 25s. Final ex-
tension was done for 5min at 68 °C followed by a soak cycle at 4 °C.

For HoBiPeV specific RT-PCR, previously reported primers, N2 and
R5 (Bauermann et al., 2014a), which have been employed for HoBiPeV
surveillance in FBS and detection of PI cattle were used. Briefly, the
reactions were carried out in 25 pL volume using 2 pL of template RNA
and SuperScript™ III One-Step RT-PCR System with Platinum™ Taq
DNA Polymerase (Invitrogen, Carlsbad, USA) with the same thermal
profile described above for 324/326 RT-PCR. The RT-PCR products
were run on agarose gel and the results were recorded in Geldoc.

2.4. Evaluation of BVDV diagnostic real time RT-PCR and HoBiPeV specific
real time RT-PCR

To evaluate ability of BVDV diagnostic qRT-PCR assays in detection
and limits of detection of highly divergent HoBiPeV, we used one

Table 1
Primers and probes used in RT-PCR and qRT-PCR assays for detection of highly
divergent HoBiPeV strains.

Primer/ Probe Primer/Probe Sequence Reference

BVD190-F GRAGTCGTCARTGGTTCGAC Hoffmann et al., 2006
324 ATGCCCATAGTAGGACTAGCA Vilcek et al., 1994
326/V326 TCAACTCCATGTGCCATGTAC Vilcek et al., 1994
TQ-Pesti TGCYAYGTGGACGAGGGCATGC Gaede et al., 2005

N2 TCGACGCATCAAGGAATGCCT Bauermann et al., 2014a,b
R5 TAGCAGGTCTCTGCAACACCCTAT Bauermann et al., 2014a,b
T134-F GACTAGTGGTGGCAGTGAGC Liu et al., 2008

T220-R GAGGCATTCCTTGATGCGTC Liu et al., 2008

T155r-P ACTCGGGGCTTCGGTGATCCAGGG Liu et al., 2008
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HoBiPeV (Pestivirus H)

CSFV (Pestivirus C)
BDV (Pestivirus D)

BVDV-2 (Pestivirus B)

BVDV-1 (Pestivirus A)

Pronghorn (Pestivirus E)
Bungowannah (Pestivirus F)

Fig. 1. Genetic relationship between divergent HoBiPeV strains and other bovine pestivirus strains used in this study and reference pestivirus strains. The phylo-
genetic tree was constructed based on entire NP* gene sequences and performed with MEGA6 using NJ method. The pestivirus strains evaluated in the study are
labelled as red triangles with GenBank Accessions provided in brackets. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article).

previously reported pestivirus generic qRT-PCR assay targeting at 5'-
UTR (Hoffmann et al., 2006) and two commercially available qRT-PCR
assays, VetMax-Gold-bovine virus diarrhea RNA test kit (Applied Bio-
systems, Life Technologies, Austin, TX, USA) and virotype BVDV RT-PCR
Kit (Qiagen, Labor Diagnostik Leipzig GmbH, Leipzig, Germany), and
these assays are hereafter referred to as BVDV diagnostic qRT-PCR.
However, these two commercial kits do not disclose about the target
region or the primers/probes employed. For evaluation of HoBi-PeV
specific qRT-PCR, we used a previously reported TagMan assay (Liu
et al., 2008). Serial tenfold dilutions of RNA extracted from HoBiPeV
strains, IndBHA5309/12, Ind15385/12, BVDV-1 strain Ind S-1449 and
BVDV-2 strain Ind 141353 were used as template in 25 pL reactions and
amplified in CFX96 (CFX96, Bio-Rad Corporation, Madison, USA). The
primers and probes used in BVDV diagnostic qRT-PCR and HoBiPeV-
specific qRT-PCR assays are shown in Table 1.

2.4.1. BVDV diagnostic qRT-PCR

Briefly, the BVDV diagnostic qRT-PCR assay (Hoffmann et al., 2006)
was conducted using the primers BVD190-F (Hoffmann et al., 2006),
V326 (Vilcek et al., 1994), probe TQ-Pesti (Gaede et al., 2005) and
Superscript III Platinum one-step real time RT-PCR reagent set (In-
vitrogen, USA) in 25 pl reaction volume, consisting of 12.5 pl of Reac-
tion mix (2X), 0.5 pl of Rox, 0.5 pl of Taq Mix, 0.5 pl (10 pmol) each of
forward and reverse primers, 2 pl of probe (2.5 pmol), 6.5 pl of nuclease
free water and 2l of RNA. The thermal profile consisted of reverse
transcription at 50 °C for 30 min, RT inactivation/ initial denaturation
at 95 °C for 5 min, and 40 amplification cycles of denaturation at 95 °C
for 30 s and annealing/extension at 60 °C for 1 min.

2.4.2. VetMax-Gold BVDV RNA detection kit

The assay using VetMAX-Gold BVDV PI detection Kit, was carried
out as per the manufacturer’s protocol in a total reaction volume of
25 uL, which consisted of 12.5pL of 2X RT-qPCR buffer, 1 uL of 25X
BVDV primer-probe mix, 1 uL of 25X RT-qPCR enzyme mix, 2.5 uL of
nuclease free water and 8 uL RNA template. The thermal profile was
programmed as follows: reverse transcription at 45 °C for 10 min, RT
inactivation/ initial denaturation at 95 °C for 10 min, and 40 amplifi-
cation cycles of denaturation at 95 °C for 15s and annealing/extension
at 60°C for 45s. The interpretations of test results were as per the
protocol supplied by the manufacturer.

2.4.3. Virotype BVDV RNA detection kit

The assay using virotype BVDV RT-PCR test kit was performed fol-
lowing the manufacturer’s protocol in a 25 pL reaction volume, con-
sisting of 19.75 pL of RT-qPCR mix, 0.25 pL of enzyme mix and 5 pl of
RNA template using following thermal cycling conditions: reverse
transcription at 50 °C for 20 min, RT inactivation at 95 °C for 15 min,
followed by 40 amplification cycles of denaturation at 95 °C for 30s,
annealing at 57 °C for 45 s and extension at 68 °C for 45 s. Interpretation
of results was as per the protocol of manufacturer.

2.4.4. HoBi-PeV specific qRT-PCR

The HoBi-PeV specific qRT-PCR assay (Liu et al., 2008) was con-
ducted using SuperScript III Platinum One-Step Quantitative RT-PCR
system (Invitrogen, USA), in a total reaction volume of 25pL, con-
taining 800 nM of primers T134-F and T220-R and 400 nM of probe
T155r-P (Liu et al., 2008), and 2uL of RNA template. The thermal
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Table 2

Detection limits of BVDV diagnostic RT-PCR and HoBiPeV-specific RT-PCR for
detection of highly divergent HoBiPeV strains and BVDV-1/BVDV-2 in super-
natants of infected cells.

Pestivirus genotype Titre (TCIDso/ BVDV diagnostic RT- HoBi
(Isolate) mL) PCR specific

BVD-190F/
V326

324/326 N2/R5

HoBiPeV-c (Ind 105°
ABI15385/12) 10*°

._.
o
w
8
I+ o+ o+ o+
I
I+ o+ o+ o+

HoBiPeV-d (Ind 1083
BHA5309/12) 1072

I+ o+ o+

_.
(=)
o
4
I+ + 4+ + + +
I+ + 4+ + + +

-
(=)
=
w
|
|
|

BVDV-1b (Ind S-1449) 10%°

L+ + o+ o+
I

BVDV-2a (Ind 141353)  10°°

I+ + + + +
\

._.
(=)
o
&

I+ ++++++++++++ A+

(+: positive, -: negative).

profile consisted of reverse transcription at 50 °C for 30 min, RT in-
activation/ initial denaturation at 95 °C for 5 min, followed by 40 am-
plification cycles of denaturation at 95°C for 15s and annealing/ex-
tension at 60 °C for 1 min.

2.5. Evaluation of RT-PCR in bovine serum spiked with known
concentrations of highly divergent HoBiPeV and BVDV-1

To ascertain ability of RT-PCR in detection of co-circulating
HoBiPeV and BVDV-1, pestivirus free bovine serum samples were
spiked with known concentrations (10° TCIDso/mL to 10 TCIDso/mL)
of HoBiPeV strain IndBHA5309/12 and BVDV-1 strain Ind S-1449 in
various combinations (Table 2). Viral RNA from spiked serum samples
was extracted as described above and was subjected to BVDV diagnostic
RT-PCR (324/326) and HoBiPeV specific RT-PCR (N2/R5) assays as
described earlier in this study. To confirm the results, a selected number
of amplicons (one from each group) were directly sequenced using the
same primer sets used for amplification, ABI PRISM Big Dye Terminator
V.3.1 Cycle Sequencing Kit (Applied Biosystems, USA) and ABI 3130
genetic analyzer (Applied Biosystems, USA).

2.6. Evaluation of BVDV antigen capture ELISA on known concentrations of
HoBiPeV

To determine whether currently available BVDV antigen capture
ELISA kits are suitable in detecting the highly divergent HoBiPeV
strains, two commercially available ELISA kits were evaluated. The first
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one, IDEXX BVDV Ag/Serum Plus (IDEXX, USA) is an E™ antigen
capture ELISA, intended to detect BVDV E™° antigen in cattle serum,
plasma, blood and ear notch samples, while the second one, INGEZIM
BVD DAS (Ingenasa, Spain) is a NS3 antigen capture ELISA intended to
detect BVDV NS3 antigen. HoBiPeV strains (Ind BHA5309/12 and Ind
ABI15385/12), BVDV-1 strain Ind S-1449 and BVDV-2 strain Ind
141353 of known virus titres were diluted 10-fold in pestivirus free
bovine serum and tested in duplicate wells using IDEXX BVDV Ag/
Serum Plus kit and INGEZIM BVD DAS kit according to the instructions
of the manufacturer.

For IDEXX BVDV Ag/Serum Plus kit, the assay was carried out using
50 ul of samples and 2 h of incubation time with anti E™ mAb coated
plate. The OD values were obtained in ELISA reader (Merilyser) at
450 nm. The negative control mean, positive control mean and S-N
(Sample - Negative) values were calculated. The samples with S-N va-
lues of > 0.3 were classified as positive and S-N values of < 0.3 were
classified as negative for BVDV antigen.

The assay using INGEZIM BVD DAS kit was performed using 100 pl
of samples and 18 h of incubation time with anti NS3 mAb coated plate.
The OD values were measured at 450 nm and cut off values were cal-
culated [Corrected cut off (positive) = cut off of positive control +
15% of cut off of positive control; Corrected cut off (negative) = cut off
of positive control - 15% of cut off of positive control] as per manu-
facturer protocol. Samples with OD greater than corrected positive cut
off are considered positive, while samples with OD lesser than corrected
negative cut off were considered negative for BVDV antigen.

2.7. Virus neutralization test (VNT)

To detect and quantify neutralizing antibodies, virus neutralization
test was employed for a selected number of archived BVDV/HoBiPeV
neutralizing antibody positive cattle sera (n = 41) obtained from our
previous work (Mishra et al., 2014), which belonged to four different
dairy farms in India with reports of circulation of two genetically highly
divergent HoBiPeV strains (Mishra et al., 2014). The sera were classi-
fied into four groups (Farm 1-4), of which sera belonging to group 1
originated from cattle in a farm with circulation of HoBiPeV-c geno-
type, while sera from groups 2, 3 and 4 were from cattle in farms with
circulation of HoBiPeV-d genotype.

The serial two-fold heat inactivated sera samples (starting dilution
1:5) were subjected to VNT using 96-well TC plates, MDBK cells, 200
TCIDs, of HoBiPeV isolates, Ind BHA5309/12 or Ind 15385/12 (as per
the sera groups), BVDV-1 cattle isolate Ind S-1449 (Mishra et al., 2004),
BVDV-2 cattle isolate Ind 141353 (Behera et al., 2011), antiserum
against BVDV (VMRD, Pullman, USA) and immuno-peroxidase mono-
layer assay (IPMA) as previously described (Mishra et al., 2008). The
antibody titres were expressed as the reciprocal value of the highest
serum dilution that completely inhibited virus replication in 50% of
wells. The virus neutralizing antibody titre of 1:10 or above was con-
sidered as positive and as an indicator of seroconversion.

2.8. Evaluation of BVD antibody ELISA kits in detection of antibodies
against HoBiPeV and comparison with VNT results

To evaluate ability of commercial BVD antibody ELISA kits in de-
tection of HoBiPeV antibodies in narturally infected cattle, the field sera
(n = 41) subjected to VNT as described above, were tested using IDEXX
BVDV Total Ab kit (IDDEX, USA), and INGEZIM BVD Compac ELISA kit
(INGENASA, Spain).

The IDEXX BVDV Total Ab ELISA is based on whole virus antigen
and has high sensitivity and specificity in detection of antibodies
against BVDV-1 and BVDV-2. The assay was performed according to the
protocol of the manufacturer using 1:5 serum dilution and 1.5h in-
cubation time of serum with antigen-coated plate. The results were
expressed as corrected optical density (COD) values calculated by
subtracting COD of the test positive control from the COD value of the
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sample tested. The COD = 0.3 was interpreted as positive for BVDV-1/
BVDV-2 antibodies.

The INGEZIM BVD Compac ELISA kit is based on a competitive
ELISA format using recombinant p80 (NS3) antigen and mAbs specific
to pestivirus (BVDV/BDV) p80 antigen and is intended to detect p80
(NS3) antibodies in cattle, sheep and goats. The assay was performed
using 1:5 serum dilution and 1 h of incubation with NS3 antigen coated
plates and the assay was performed as per the manufacturer’s instruc-
tions. The cut-off [Cut off (positive) = 0.5 X (OD of negative control);
Cut off (negative) = 0.55 X (OD of negative control] values were cal-
culated as per the instructions of the manufacturer. Samples with values
of > positive cut off were interpreted as positive, while samples with
values of < negative cut off were interpreted as negative for anti BVDV
antibodies.

Additionally, to determine the ability of commercial BVD antibody
ELISA kits in detection and quantification of levels of antibodies against
HoBiPeV, one representative sample from each of the four group of sera
having highest homologous neutralizing antibody titre against HoBiPeV
and showing higher antibody levels in ELISA formats (in terms of OD
values) were selected for further comparative analysis. Two-fold diluted
(starting from 1:5 dilution) sera samples were tested by BVD antibody
ELISA kits as described above and the results were compared with the
VNT results.

3. Results
3.1. Detection limit of BVDV diagnostic and HoBiPeV specific RT-PCR

The results of one of the commonly used BVDV diagnostic RT-PCR,
using primers BVD-190 F/326 (Table 2) showed that although the assay
could detect strains of highly divergent HoBiPeV strains, it showed less
sensitivity in detection of HoBiPeV-d genotype (10%° TCIDso/ml) than
HoBiPeV-c genotype (10"® TCIDso/ml). In contrast, evaluation of an-
other routinely used BVDV diagnostic RT-PCR, using primers 324/326
showed that the primers failed to detect the strain of HoBiPeV-c gen-
otype even at high virus titre (10 >® TCIDso/ml), while it could detect
the strain of HoBiPeV-d genotype but with a reduced detection limit (10
53 TCIDse/ml) (Table 2). The panpestivirus primers used in these assays
however displayed high sensitivity for both BVDV-1 and BVDV-2.

The results of HoBiPeV specific RT-PCR (Table 2) using primers N2/
R5 showed that although the assay was able to detect highly divergent
strains of HoBiPeV, the primer sets had a better sensitivity in detection
of HoBiPeV-c¢ strain (10 *® TCIDsy/ml) than HoBiPeV-d strain (10 33
TCIDso/ml). However, the assay was found to be HoBiPeV specific,
since no amplification was observed with higher concentrations of
BVDV-2 (10%° TCIDso/ml) and BVDV-1 (10%° TCIDso/ml).

3.2. Performance of BVDV diagnostic qRT-PCR assays

The OIE recommended BVDV diagnostic qRT-PCR assay (Hoffmann
et al., 2006) was able to detect the strains of highly divergent HoBiPeV
strains, but had a lower detection limit for the HoBiPeV-d strain (10%3
TCIDso/ml) than for the HoBiPeV-c strain (10°° TCIDso/ml) (Table 3,
Fig. 2a, b). The commercial VetMax-Gold qRT-PCR assay displayed si-
milar results with higher detection limit for the HoBiPeV-c strain (10°°
TCIDso/ml) than the HoBiPeV-d strain (10%3 TCIDgo/ml) (Table 3,
Fig. 3a, b). The commercial virotype qRT-PCR assay showed better
sensitivity in detection of highly divergent HoBiPeV strains with high
detection limits for both HoBiPeV-c (10°® TCIDs,/ml) and HoBiPeV-d
(10°3 TCIDso/ml) strains (Table 3, Fig. 4a, b). Altogether, the results
showed that all the three BVDV diagnostic QRT-PCR assays have similar
sensitivity in detection of HoBiPeV-c strain, while the virotype qRT-PCR
assay is 100-fold more sensitive in detection of HoBiPeV-d strain than
the other two assays. However, all the three BVDV diagnostic qRT-PCR
assays showed high sensitivity in detection of BVDV-1 and BVDV-2
strains studied here.
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Table 3

Comparison of sensitivity of BVDV diagnostic gqRT-PCR assays and HoBiPeV
specific QRT-PCR assay in detection of highly divergent HoBiPeV strains and
BVDV-1/BVDV-2.

Pestivirus Titre Commercial kits BVDV qRT-  HoBiPeV
genotype (TCIDgy/ — X X X X X X PCR qRT-PCR
(Isolate) ml) VetMAX Gold Virotype (Hoffmann (Liu et al.,

etal., 2006) 2008)

HoBiPeV-c (Ind  10°°
ABI15385/ 10*°
12) 10%°
10>
101.6
100.6

100.06
HoBiPeV-d (Ind 10%3
BHA5309 1073
12) 1053

I+ ++++++ 1 ++++++
I+ ++++++ 1 ++++++
I+ ++++++ 1 ++++ + +

BVDV-1b (Ind ~ 10°°
§-1449) 10%°
104.5
10%°
102.5
101.5
100°
BVDV-2a (Ind ~ 10°°
141353) 106
104.6
10%°
102.5
101.6
100
100.06

B T i i S S S e S A T e i T T I e T

L+ ++++++ 1 ++++++ 1
B I i e T e
I

(+ positive, - negative).
3.3. Performance of HoBiPeV-specific qRT-PCR assay

Evaluation of HoBiPeV specific qRT-PCR assay demonstrated higher
detection limit for HoBiPeV-c strain (10°°® TCIDs,/ml) than HoBiPeV-d
strain (10*3 TCIDso/ml) (Table 3, Fig. 5a, b). Although the assay was
less sensitive than the commercial virotype Kkit, it showed high speci-
ficity for HoBiPeV.

3.4. HoBiPeV detection in spiked serum samples

When tested without spiking, The N2/R5 primer set amplified
HoBiPeV-d strain at a virus titre of 10> TCIDs, to 10%° TCIDs,, while
the 324/326 primer sets amplified it only at a titre of 10>° TCIDs,
(Table 4). When these primers were evaluated in serum samples spiked
with both HoBiPeV and BVDV-1, similar or lower detection limits were
observed. No amplification with N2/R5 primer sets was observed in
spiked samples having a titre of 10 *° TCIDs, or lower for HoBiPeV-d
strain, while 324/326 primer sets amplified BVDV-1 up to a titre of
10'° TCID50. The results showed that in case of mixed infection with
highly divergent HoBiPeV and BVDV-1, N2/R5 primer set has a lower
sensitivity for detection of HoBiPeV.

3.5. BVDV antigen capture ELISA

The BVDV E™ antigen capture ELISA was able to detect the highly
divergent HoBiPeV strains, but with variable detection limits (Table 5).
The lowest virus titre detected by E™ antigen ELISA was 10 *® TCIDs,/
ml for HoBiPeV-c strain, while it was 10 %2 TCIDso/ml for HoBiPeV-d
strain indicating significant difference in sensitivity for HoBiPeV-d
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Quantitative RT-PCR assay in detection of known concentrations (TCIDs¢/mL) of (A) IndABI15385/12 and (B) IndBHA5309/12 using BVDV diagnostic

primers and probes

Fig. 2. Analytical sensitivity of BVDV diagnostic qRT-PCR (Hoffmann et al., 2006) in detection of HoBiPeV strains of genotype c (A) and d (B).

genotype. For strains of BVDV-1 and BVDV-2, the detection limits
varied from 10 3® TCIDso/ml to 10 *® TCIDso/ml. In contrast, the NS3
antigen capture ELISA failed to detect the highly divergent HoBiPeV
strains even at high virus titre (Table 5). However, it was able to detect
both BVDV-1 and BVDV-2 with similar detection limits observed for E™*
antigen capture ELISA. The results showed that the E™ antigen capture
ELISA was able to detect highly divergent HoBiPeV strains, but it had a
lower sensitivity in detection of HoBiPeV-d strain.

3.6. Neutralizing activity of sera from animals of HoBiPeV infected farms

The virus neutralizing antibody activity of sera (n = 41) from cattle
in four farms with reports of HoBiPeV circulation showed that 16 of the
41 cattle sera tested exhibited > 4-fold neutralizing antibody titres to
HoBiPeV than to BVDV-1 and BVDV-2 titres, while 4 sera had > 2-fold
titres to HoBiPeV than BVDV-1 and BVDV-2, while 10 sera had > 2-4-
fold higher titre against BVDV-1/BVDV-2 than HoBiPeV and the rest
had almost similar antibody titre against BVDV-1, BVDV-2 and
HoBiPeV (Table 6). The distribution pattern of VN titre varied between
the farms, while the VN titre against HoBiPeV in some of the field sera
reached to a level as high as 2560.

3.7. BVDV antibody ELISA in detection of antibodies against HoBiPeV

The IDEXX BVDV Total Ab ELISA detected antibodies against bovine
pestiviruses in 33 (80.49%) out of 41 VNT positive serum samples,
while INGEZIM BVD Antibody ELISA was able to detect antibodies only
in 26 (63.41%) samples indicating low to moderate sensitivity of the
antibody ELISA kits for antibodies against HoBiPeV (Table 6). When

Amplification

== Positive control
= 10%6 TCIDso/mL

RFU (1073)

= 10%¢ TCIDso/mL
= Negative control

i i
0 10 20
Cycles

results of VNT and ELISA were compared, although the IDEXX BVDV
Total Ab ELISA kit showed better correlation than the INGEZIM BVD
Antibody ELISA kit, three sera having high VN titre (1280) against
HoBiPeV were found negative by both the kits indicating their limited
utility in detection of HoBiPeV antibodies.

When BVDV antibody ELISA kits were evaluated for quantification
of levels of antibodies against HoBiPeV, the results of four sera (one
from each farm) having high VN titre against HoBiPeV (> 4-16-fold
titre difference with BVDV-1/BVDV-2) showed antibody ELISA positive
results up to 1:40 serum dilution in three sera (corresponding to VN
titres of 640 to 2560) for both the kits, while the other serum sample
was found positive only in case of undiluted sample (Table 7). Both the
antibody ELISA kits failed to detect antibodies in a serum displaying a
VN titre of 20 against BVDV-1 or BVDV-2 and 320 against HoBiPeV.
The results indicate low sensitivity of BVDV antibody ELISA kits used
here either in detection or accurate quantitation of levels of antibodies
against HoBiPeV.

4. Discussion

Recent reports of natural infections with HoBiPeV in cattle asso-
ciated with respiratory, gastrointestinal and reproductive diseases in
different parts of world (South America, Europe and Asia) and identi-
fication of novel and divergent HoBiPeV strains in Indian subcontinent
(Decaro et al., 2011, 2012a,b, 2016; Haider et al., 2014; Mishra et al.,
2014; Weber et al., 2016; Silveira et al., 2018; Cruz et al., 2018) have
raised concerns regarding the ability of the commonly used BVDV di-
agnostic tests and HoBiPeV-specific diagnostic tests in detection of
highly divergent HoBiPeV strains. Additionally, natural HoBiPeV

Amplification
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Cycles

Quantitative RT-PCR assay in detection of known concentrations (TCIDsy/mL) of (A) IndABI15385/12 and (B) IndBHAS5309/12 using VetMAX™Gold

BVDV PI Detection Kit

Fig. 3. Analytical sensitivity of commercial VetMAX-Gold BVDV qRT-PCR in detection of HoBiPeV strains of genotype c (A) and d (B).
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Fig. 4. Analytical sensitivity of commercial virotype BVDV qRT-PCR in detection of HoBiPeV strains of genotype c (A) and d (B).
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Fig. 5. Analytical sensitivity of HoBiPeV specific qRT-PCR (Liu et al., 2008) in detection of HoBiPeV strains of genotype c (A) and d (B).

Table 4
Testing of bovine serum spiked with known concentrations of HoBiPeV-d strain
and BVDV-1b strain in RT-PCR using primers 324/326 and N2/R5.

Ind $1449 (BVDV-1) + IndBHA5309/12
(HoBiPeV-d) (TCIDso/ml)

RT-PCR primers used

BVDV-1b HoBiPeV-d 324/326* N2/R5*

10° 10° BVDV-1 HoBiPeV

10° 10° BVDV-1 No amplification
10° 10! BVDV-1 No amplification
10° 10° BVDV-1 HoBiPeV

10° 10° BVDV-1 No amplification
10° 10! BVDV-1 No amplification
10! 10° No amplification ~ HoBiPeV

10! 10° No amplification ~ No amplification
10 10 No amplification ~ No amplification
10° - BVDV-1 No amplification
10° - BVDV-1 No amplification
10 - No amplification =~ No amplification
- 10° No amplification ~ HoBiPeV

- 10° No amplification ~ No amplification
- 10 No amplification =~ No amplification

-: No addition of virus; *: Sequencing was done using same primers used for
amplification.

infection occurs in other ruminant species, such as buffalo (Stalder
et al., 2005) and sheep and goats (Shi et al., 2016). Moreover, HoBiPeV
has frequently been detected in contaminated bovine serum in several
counties (Bauermann and Ridpath, 2015) with implications of safety of
biological products. Availability and use of appropriate diagnostic tests
in detection of HoBiPeV are hence important not only in limiting the
spread of this pestivirus in case of outbreaks or during import of live
animals and products through international trade, but also due to the
risks imposed on BVDV eradication programs. So far, four genotypes of

Table 5

Sensitivity of BVDV E™* antigen ELISA and BVDV NS3 antigen ELISA in de-
tection of known concentrations (TCIDso/ml) of highly divergent HoBiPeV
strains and BVDV-1/ BVDV-2 in serum.

Pestivirus genotype Titre (TCIDso/ ~ E™ Ag ELISA  NS3 Ag ELISA

(Isolate) mL) (Idexx) (Ingenasa)
HoBiPeV-c (Ind 105 + -
ABI15385/12) 10%¢ + -
103.6 _ _
HoBiPeV-d (Ind 1083 + -
BHA5309/12) 1073 + -
106.3 + _
105.3 _ _
BVDV-1b (Ind S-1449) 10%° + +
10°° + +
10%5 + +
1035 _ _
BVDV-2a (Ind 141353) 10%° + +
10%° + +
10*° + +
10%° + +
102.6 _ _

(+ positive, - negative).

HoBiPeV (a-d) have been reported (Mishra et al., 2014; Haider et al.,
2014; Giammarioli et al., 2015), and the BVDV or HoBiPeV diagnostic
tests have been evaluated mostly for the strains of HoBiPeV-a genotype,
which include all the HoBiPeV isolated from samples collected outside
the Indian subcontinent. In this study, we report evaluation of BVDV
diagnostic tests and HoBiPeV specific diagnostic tests for their ability in
detection of recently identified highly divergent strains of HoBiPeV-c
and HoBiPeV-d genotype circulating in India, which has significant
implications on HoBiPeV diagnosis and BVD control.
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Table 6

Comparison of commercial BVDV antibody ELISA and virus neutralization test
in detection of antibodies against HoBiPeV or BVDV-1/BVDV-2 in sera of cattle
from four farms with HoBiPeV natural infection.

Animal ID IDEXX Ab Ingenasa VNT titre with
ELISA Ab ELISA
BVDV-1 BVDV-2 HoBiPeV
(c/d)

Farm 1 1a P P 1:640 1:160 1:2560

1b N P 1:10 1:20 1:320

lc P P 1:320 1:160 1:640

1d P P 1:10 1:10 1:320

le P P 1:20 40 1:160

1f P P 1:20 1:20 20

1g P P 10 1:20 40

1h P P 1:10 1:10 10

1i P P 1:320 1:160 80
Farm 2 2a P N 1:80 1:40 1:640

2b P P 1:20 1:20 1:1280

2c P P 1:80 1:80 1:160

2d P P 1:10 1:20 1:1280

2e N N 1:10 1:10 1:1280

2f P N 1:320 1:160 20

2g N N 1:20 1:10 1:1280

2h N N 1:40 1:80 10

2i P P 1:160 1:20 1:640

2j P P 1:40 1:10 10

2k P P 1:20 1:20 10

21 P N 1:20 1:10 20
Farm 3 3a N N 1:20 1:20 1:1280

3b P P 1:20 1:10 1:320

3c P P 1:40 1:20 1:160

3d P P 1:20 1:320 1:640

3e P N 1:20 1:10 1:640

3f P P 1:80 1:40 1:80

3g N N 1:10 1:160 160

3h P N 1:10 1:10 1:640

3i P P 1:10 1:20 10

3j P P 1:20 1:2560 1280
Farm 4 4a N P 1:320 1:80 1:10

4b N N 1:160 1:80 640

4c P P 1:320 1:80 1:160

4d P P 1:160 1:40 160

4e P N 1:20 1:80 1:160

4f P P 1:320 1:20 1:80

4g P N 1:160 1:80 1:20

4h P P 1:160 1:40 1:640

4i P N 1:80 1:20 1:20

4j P N 1:80 1:10 1:10
Total 41 33 positive 26 positive 41 41 41

(80.49%) (63.41%)

P - positive, N — negative.

Evaluation of two commonly used BVDV diagnostic RT-PCR tests
showed that one of the test (Vilcek et al., 1994) failed either completely
or partially in detection of highly divergent HoBiPeV strains, while the
other one (Hoffmann et al., 2006) was able to detect them but with
reduced sensitivity. Our results corroborated the findings of previous
studies which showed that the pestivirus generic primer pairs 324/326,
which is commonly used for BVDV surveillance are not reliable in

Table 7
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detection of HoBiPeV, due to the presence of mismatch at the 3’-end of
324 primer sequence (Decaro et al., 2012a; Bauermann et al., 2014a).
The lack of detection for HoBiPeV-c strain and a very low detection
limit of 324/326 RT-PCR assay for HoBiPeV-d strain observed in this
study compared to the detection limit reported for HoBiPeV-a strain
(Bauermann et al., 2014a) has shown its further limitations in detection
of HoBiPeV. This can be explained by the fact that there was three
mismatches within 324 primer sequence and one mismatch within 326
primer sequence for the HoBiPeV-c strain Ind ABI15385/12 (GenBank
Acc. KM201313), while four mismatches, including one at 3’-end of 324
primer sequence were found for the HoBiPeV-d strain Ind BHA5309
(GenBank Acc. KM201300). The RT-PCR assay (Hoffmann et al., 2006)
which uses the OIE prescribed pestivirus generic primer sets 190-F/326
and of late is being used for BVDV screening could detect the divergent
HoBiPeV strains of genotype c and d indicating some utility in HoBiPeV
detection. However, a reduced sensitivity (1032 TCIDs,) was observed
for strain of HoBiPeV-d genotype when compared to the sensitivity for
HoBiPeV-c genotype that may affect detection of acutely infected ani-
mals following infection with strains of HoBiPeV-d.

Since these two BVDV diagnostic RT-PCR assays are unable to type
the bovine pestiviruses, we evaluated the performance of a previously
reported HoBiPeV specific RT-PCR (Bauermann et al., 2014a). The RT-
PCR assay using N2/R5 primers was found to be HoBiPeV specific
without showing any cross reactivity with BVDV-1/BVDV-2 corrobor-
ating previous findings (Bauermann et al., 2014a,b). Detection limit of
this assay has been reported to be 10'® TCIDs, for HoBiPeV-a strain
D32/00 (Bauermann et al., 2014a). However, a lower sensitivity (1032
TCIDsp) of this assay for HoBiPeV-d genotype was observed in this
study that may lead to failure in detection of infected animals having a
low HoBiPeV-d virus titre, which is common in most of the acute in-
fections of HoBiPeV. It may be noted that when compared with N2
primer sequences, four mismatches were found for HoBiPeV-c strain
and three mismatches were found for HoBiPeV-d strain, while two
mismatches within R5 primer sequences were observed for HoBiPeV-c
strain. Moreover, in the cattle serum spiked study, it was observed that
in case of mixed infection with highly divergent HoBiPeV-d and BVDV-
1, N2/R5 primer set has a lower sensitivity for detection of HoBiPeV,
indicating a requirement in refinement of HoBiPeV specific primers for
RT-PCR.

In contrast to the results of BVDV diagnostic RT-PCR, a higher
sensitivity in detection of HoBiPeV strains of genotype ¢ and d was
found using the commercial BVDV diagnostic qRT-PCR tests (VetMax
Gold and Virotype) or the previously reported BVDV diagnostic qRT-
PCR (Hoffmann et al., 2006). The commercial Virotype qRT-PCR test
showed a higher sensitivity in detection of both the highly divergent
HoBiPeV strains, compared to the other two qRT-PCR tests evaluated,
which showed a lower sensitivity (1022 TCIDs,) in detecting HoBiPeV-d
strain. A previous study has shown better rates (100%) of detection by
using Virotype qRT-PCR in serum, buffy coat and ear notch samples in
HoBiPeV PI animals than that found (83% for both serum and buffy
coat) using VetMAX Gold qRT-PCR (Bauermann et al., 2014b). The
differences in sensitivity of these tests may be partly due to the mis-
matches in primer or probe sequences with HoBiPeV genomic

Evaluation of BVDV antibody ELISA kits for quantification of levels of HoBiPeV antibodies.

Ab ELISA Serum dilutions used in Ab detection ELISA

Serum 4h Serum 2b Serum 3b Serum la

1:10 1:20 1:40 1:80 1:160 1:10 1:20 1:10 1:20 1:40 1:80 1:160 1:10 1:20 1:40 1:80 1:160
IDEXX + + + - - - - + + + - - + + + - -
INGENASA + + + - - - - + + + - - + + + - -
VN Titre (homologous) 640 320 320 2560

+: Positive; -: Negative.
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sequences. However, it could not be ascertained due to lack of in-
formation on the nucleotides and probe sequences employed in both the
two commercial BVDV diagnostic qRT-PCR tests, while one mismatch
with primer 190 F (towards 3’-end) was found for the HoBiPeV-d strain
and one mismatch with probe sequence (towards 3’-end) was found for
HoBiPeV-c strain. The lower sensitivity of some of the BVDV diagnostic
qRT-PCR tests for HoBiPeV-d strain is not unexpected, since strains of
this genotype are distantly related to BVDV-1 or BVDV-2 and are the
most highly divergent HoBiPeV strains reported so far (Mishra et al.,
2014; Giammarioli et al., 2015).

As BVDV qRT-PCR tests have limited utility in surveillance and
epidemiology of HoBiPeV due to their lack of ability in differentiation
of BVDV-1, BVDV-2 and HoBiPeV infection, HoBiPeV specific qRT-PCR
test (Liu et al., 2008) was evaluated here for detection of highly di-
vergent HoBiPeV strains. This test has been used in successful detection
of HoBiPeV in other studies (Bauermann et al., 2014a,b; Decaro et al.,
2014; Mishra et al., 2014), although a detection rate of 83% has been
found in PI animals (Bauermann et al., 2014b) and some cross reactivity
with BVDV-2 strains has been reported (Decaro et al., 2013). Despite
the test was found HoBiPeV specific and was able to detect the strains of
both HoBiPeV-c and d genotype, lower sensitivity (10%> TCIDs,) was
observed for the HoBiPeV-d strain. Mismatches within T134F and
T220R primer sequences were found for both the strains, while within
T155r probe sequences, five mismatches including one towards 3’-end
were found for HoBiPeV-d strain (KM201300), compared to only one
mismatch found for HoBiPeV-c strain (KM201313). Lower sensitivity in
detection of HoBiPeV-d strain may be partly due to high mismatches
found specifically in the probe sequences. Since differentiation between
HoBiPeV and BVDV-1/BVDV-2 is critical in bovine pestivirus epide-
miology, HoBiPeV-specific qRT-PCR test has been found useful for
surveillance and monitoring of HoBiPeV. However, in view of the lower
sensitivity for HoBiPeV-d strain in this study, further improvement of
HoBiPeV specific qRT-PCR test is required. Recently, a two-step real-
time RT-PCR assay has been developed for detection of bovine pesti-
viruses, including HoBiPeV (Losurdo et al., 2015), while a two-step
multiplex real-time RT-PCR assay has shown promising results for si-
multaneous detection and differentiation of BVDV-1, BVDV-2 and Ho-
BiPeV (Mari et al., 2016). However, these new tests need to be validated
in detection of highly divergent HoBiPeV strains. Moreover, specificity,
reproducibility and other diagnostic parameters of HoBiPeV-specific or
pestivirus specific tests should be evaluated in future.

Both E™ based and NS3 based BVDV antigen ELISA Kkits are routi-
nely used for detection of BVDV PI animals. The BVDV NS3 antigen
ELISA used in this study failed to detect both the highly divergent
strains of HoBiPeV even at a high virus titre corroborating findings of
previous studies (Schirrmeier et al., 2004; Bauermann et al., 2012,
2014b). The failure in detection may be due to lack of cross reactivity
between HoBiPeV and BVDV within the epitopes of NS3 mAb used in
this commercial kit or due to high divergence found between HoBiPeV
and BVDV NS3 in previous studies (Schirrmeier et al., 2004; Bauermann
et al., 2012). In contrast, the BVDV E™° antigen ELISA was able to
detect both the highly divergent strains of HoBiPeV in serum but with
differences in sensitivity. Successful detection of HoBiPeV by employing
this antigen ELISA has been reported in several studies earlier (Stahl
et al.,, 2007; Bauermann et al.,, 2012, 2014b; Haider et al., 2014).
However, the same test either failed to detect HoBiPeV isolate
IZSPLV_To (Peletto et al., 2012) or showed low COD levels in serum of
cattle infected experimentally with HoBiPeV strain Th/04_Khonkaen
(Larska et al., 2012) or failed in detection of some of the experimentally
generated HoBiPeV PI calves at birth and one week after birth
(Bauermann et al., 2014b). In a previous study, it has been found that
this test has almost similar sensitivity in detection of BVDV-1, BVDV-2
and HoBiPeV (Bauermann et al., 2012). However, a lower sensitivity for
HoBiPeV-d strain was observed in this study, which may be due to
probable divergence between HoBiPeV and the E™ mAb 15¢5 epitope.
This indicates that it may fail in detection of some of the HoBiPeV PI
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animals having a low virus titre, since the virus titre in serum of PI
animals has been reported to range between 10* and 10%° TCIDs,
(Bolin et al., 1985). Hence, further studies using a broader selection of
HoBiPeV isolates and field samples representing different geographical
areas are required to determine the suitability of this test in surveillance
of HoBiPeV. Nevertheless, in agreement with a previous study, our
results indicate that during preliminary screening of PI animals use of
both E™ antigen ELISA and NS3 antigen ELISA together may be able to
differentiate between HoBiPeV infection and BVDV infection.

Although VNT is the gold standard for detection of specific anti-
bodies against HoBiPeV, antibody ELISA is most commonly used as an
alternative method for detection of pestivirus antibodies in cattle.
Evaluation of commercial BVDV antibody ELISA kits in detection of
HoBiPeV antibodies in cattle from farms with circulation of highly di-
vergent strains HoBiPeV infection showed low to moderate sensitivity
of the tests used. Compared to the VNT, the whole virus antigen based
ELISA showed a sensitivity of 80.49%, while the NS3 antigen based kit
displayed a sensitivity of 63.41% in detection of pestivirus antibodies.
But they failed in detecting antibodies in 5 of 16 (31.25%) and 9 of 16
(56.25%) animals respectively, which had high (> 4-fold) HoBiPeV
specific neutralizing antibodies. Variation in sensitivity of BVDV anti-
body ELISA kits for detection of antibodies against HoBiPeV and their
correlation with VNT has been reported in previous studies (Decaro
et al., 2011; Larska et al., 2013; Bauermann et al., 2012, 2014a). An-
tibodies against HoBiPeV were not detected by the whole virus antigen
based BVDV antibody ELISA, until 4 weeks post infection (Larska et al.,
2012) or until 6 weeks post infection, where it detected 77% of VN
positive samples (Bauermann et al., 2012). Delay in detection of anti-
bodies against HoBiPeV and preferential detection of BVDV-1 anti-
bodies by the commercial antibody ELISA kits has also been noticed in
another study (Larska et al., 2013). In consistent with our results, a
lower sensitivity of NS3 antigen based ELISAs (indirect and blocking)
has been found for detection of antibodies against HoBiPeV with a re-
port of sensitivity as low as 33.3% (Bauermann et al., 2012; Larska
et al., 2013). This may be partly due to the differences found between
HoBiPeV and BVDV NS3 amino acid sequences (Schirrmeier et al.,
2004). Due to low sensitivity and late detection of seroconversion,
BVDV NS3 antibody ELISAs may have limited utility in detection of
antibodies against HoBiPeV.

Failure of BVDV antibody ELISA in detection of considerable
number of sera having HoBiPeV neutralizing titre of below 256 has
been reported (Bauermann et al., 2012). Surprisingly, both the BVDV
antibody ELISA kits used here failed to detect antibodies in three
samples, which had very high HoBiPeV neutralizing antibody titres
(1280) indicating their limited utility in detection of HoBiPeV anti-
bodies. Despite the fact that E2 protein is responsible for generation of
neutralizing antibodies and the antibody ELISA used are based on
whole virus antigen or NS3 antigen, with some degree of sequence
conservation anticipated, the reasons are not clearly known. Failure of
antibody ELISAs in quantification of levels of HoBiPeV antibodies is
another limitation. Considering the occurrence of low antibody titres
following natural infection with bovine pestiviruses and low to mod-
erate sensitivity of commercial BVDV antibody ELISA kits for HoBiPeV
exposure found earlier and in this study, there is a need of robust an-
tibody ELISA kits for reliable detection of antibodies against all the
three bovine pestiviruses.

The present study demonstrated newer challenges in HoBiPeV di-
agnosis indicating a need in improvement of both HoBiPeV specific
diagnostic RT-PCR and qRT-PCR and development of robust antibody
ELISA for better utility in HoBiPeV epidemiology. The results suggest
that use of pestivirus generic qRT-PCR followed by HoBiPeV-specific
gqRT-PCR may have some utility in detection of highly divergent
HoBiPeV strains. The use of multiple tests and need of constant up-
dating of diagnostic tests for accurate and reliable detection of HoBiPeV
and its differentiation from BVDV-1/BVDV-2 is envisaged.
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