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Bovine Viral Diarrhea Virus  
Viral Basics
• Genus Pestivirus, family Flaviviridae
• Positive-sense, single-stranded RNA genome
• Single open reading frame (ORF)- large polyprotein

• Four structural: C, Erns , E1, E2
• Eight non-structural: Npro, NS2, NS3, NS4A, NS4B, NS5A, NS5B

• Order Artiodactyla
• Acute/Transient Infections
• Congenital 

http://www.bvd-info.ch/static/veterinarians/genome.html



Worldwide Antigen prevalence 2010-2021
(Su, Wang et al. 2022)



Worldwide Antibody prevalence 2010-2021
(Su, Wang et al. 2022)







BVDV Heterologous hosts
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BVDV Genetic evaluation: 
congenitally infected piglets

• Hypothesis:
• Viral changeà 

clearance of 
congenital infection

• Specific objectives:
• Quantify/Characteriz

e nucleotide changes
• Compare over time, 

between CI and PI
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Chronic Infection Considerations

• CI vs PI
• Eventual clearance of the virus
• Serum neutralizing antibodies

• Timing of clearance?
• Terpstra et al 1997

• One month of age
• 6-8 months of age

•Mechanism of clearance?
• Inciting cause of viral clearance?



TIMELINE- Genetic Evaluation Pigs
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DAY 26/27 
GESTATION GESTATION FARROWING VIREMIA/ 

SEROCONVERT
GENOME 

SEQUENCING

IN and IV 
Inoculation

BVDV-1b NCP
 AU-526

Gilts
Monthly Trans-abd 

US and virus 
neutralization

Piglets
Ear notch- ACE
Virus isolation, 
whole genome 

sequencing, virus 
neutralization

Piglets
Every 2 weeks:

Virus solation and 
virus neutralization 

PI vs CI piglets V 
Inoculum

Next-gen and 
Sanger



Results

• 4 Litters- 2019
• 26 live-born 
• 9 antigen positive 

at birth
• Antigen 

Capture ELISA
• PCR

• 4D- chronically 
infected
• Seroconverted 

~5.5-6 months 
of age



Results: Repeat
• 3 Litters- 2020
• 34 live-born piglets
• 7 antigen positive at birth
• Antigen Capture ELISA

• 6 virus positive at birth
• Virus isolation

• 8H Chronic Infection
• Seroconverted- ~6-8 weeks



WHOLE-GENOME/NEXT-GEN

• 98.8% Identical to AU526 
460F6 inoculum

• 15 congenitally infected 
piglets 

SANGER
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Results- BVDV sequencing



Total Transition Transversion Npro C Erns E1 E2
460F6:4A 3 1 2 0 0 0 0 3
460F6:4C 3 2 1 1 0 0 0 2
460F6:4D 6 5 1 1 0 1 0 4
460F6:4F 3 2 1 0 0 0 0 3
460F6:4G 75 52 23 NA 10 6 18 41
460F6:4H 6 5 1 1 0 1 1 3
Median 4.5 3.5 1 1 0 0.5 0 3
Mean 14.4 10.1 4.3 0.7 1.4 1.2 2.7 8.4

Total Transition Transversion Npro C Erns E1 E2
460F6:8A 2 1 1 0 0 0 0 2
460F6:8B 2 1 1 0 0 0 0 2
460F6:8E 2 1 1 0 0 0 0 2
460F6:8H 2 2 0 0 0 0 0 2
460F6:8L 3 1 2 0 0 0 0 3
Median 2 1 1 0 0 0 0 2
Mean 2.2 1.2 1 0 0 0 0 2.2

Nucleotide difference between Inoculum and Piglets



Amino Acid difference between Inoculum and Piglets
Total Npro C Erns E1 E2

460F6:4A 13 0 1 2 0 10
460F6:4C 16 0 2 1 0 13
460F6:4D 15 1 1 3 0 10
460F6:4F 11 0 1 1 0 9
460F6:4G 46 10 2 3 1 30
460F6:4H 14 2 1 2 1 8
Median 14.5 0.5 1 2 0 10
Mean 18.5 1.9 1.3 2.0 0.3 12.9

Total Npro C Erns E1 E2
460F6:8A 12 0 1 1 0 10
460F6:8B 11 0 1 1 0 9
460F6:8E 11 0 1 1 0 9
460F6:8H 11 0 1 1 0 9
460F6:8L 11 0 1 1 0 9
Median 11 0 1 1 0 9
Mean 11.2 0.0 1.0 1.0 0.0 9.2



Conserved Amino Acids in Piglets
Viral Protein E2
AA Position 43 60 103 291 365

460-f6 X E L E M
460F6:4A T E L K L
460F6:4C T X X K L
460F6:4D I A L K L
460F6:4F T E L K L
460F6:4G T E L K L
460F6:4H X K L X M

460F6:8A I K I X M
460F6:8B I K I X M
460F6:8E I K I X M
460F6:8H I K I E M
460F6:8L I K I X M



Phylogenic 
analysis
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• Current US Feral Swine/Wild Pig 
BVDV knowledge:
• 0% Great Smokey Mountains National 

Park
• doi: 10.7589/0090-3558-30.1.103.

• Seroprevalence rate for states with 
higher feral swine/wild pig or cattle 
population states
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Feral Swine Seroprevalence

• Objective:
• Determine BVDV seroprevalence in wild pigs in US

• Determine if age, sex, or location associated with positive 
antibody titer
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Methods



Feral swine BVDV 
seroprevalence: 
Results

• 67 samples excluded from 
cytotoxicity

• 878 samples analyzed
• Total BVDV seroprevalence= 5.8%
• BVDV-1b seroprevalence= 4.4%
• BVDV-2a seroprevalence= 3.6%
• Individual states 0-16.7%
• No difference in mean antibody 

titer BVDV-1b/2a by sex or age
• CA, OK, TX= greatest 

seroprevalence
• Also, largest cattle and most 

established wild pig 
population states
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Comparative BVDV 
COMMERCIAL TESTS

Hypothesis:
• Heterologous hosts 

would have an elevated 
false-positive ACE results

Could easily be 
used by producers 
and veterinarians

Commercially available and 
validated for Cattle

https://www.idexx.com/en/livestock/livestock-
tests/ruminant-tests/idexx-bvdv-pi-x2-test/



Appropriate testing?- DR. PASSLER

Year acELISA* Immunohistochemistry RT-nPCR

2006/07 
440 deer 22 Positive

2007/08
577 deer 7 Positive, 13 Suspect 5 Positive, 4 Suspect 2 Positive

2008/09
590 deer 4 Suspect, 3 Positive Pending 0 Positive

*S/P ratios : Suspect 0.2 – 0.39, Positive: > 0.39
 



Species Sample Test Results: no. (%) Confirmation? Reference
1. Rocky Mountain 
Bighorn Sheep
2. Mountain goats
3. Mule Deer

Serum BVDV ACEa Antigen positive 1: 0/10 (0)
2: 0/30 (0)
3: 6/84 (7.1); 0/19 (0)

No Wolff et al 2016

Algerian 
Dromedary Camel

Serum BVDV antibody* 
ELISA and BVDV 
antigent ELISA

Antibody positive
• 10/111 (9.0)
Antigen positive
• 46/111 (41.4)

No Saidi et al 2018

White-tailed deer Ear notch/
Lymph node

BVDV ACEa Antigen positive
• Ear notch 1/311 (0.32)
• Lymph node 1/434 

(0.23)

Yes
• PCR, VI, Sequence analysis- positive samples

Pogranichniy et al 
2008

White-tailed deer Ear Notch BVDV ACEb Antigen suspect
• 3/367 (0.82)

Yes
• Immunohistochemistry, VI, and PCR- suspect 

samples
Screening subset
• 89/367 PCR negative

Ilha et al 2012

Austrian Red Deer Ear Notch BVDV ACEa Antigen positive
• 0/764 (0)

Yes
• PCR- all samples

Glawischnig et al 
2010

Bactrian camels Serum BVDV ACEa Antigen positive
• 17/56 (30.4)

Yes
• PCR- positive samples

Gao et al 2013

Sheep Serum BVDVc,d Antibody positive
• 27/42 (64.3) 

inoculated sheep

Yes
• Agarose gel immunodiffusion (AGID) 
• All samples

Evans et al 2017



MATERIALS AND METHODS

• Screening
• Ear notch- Antigen Capture 

ELISA

• Confirmatory
• Lymph Node (SM/RP)- PCR

• Screening- 
• 300 Negative ACE

• Confirmation
• 196 negative PCR lymph nodes

• 195 corresponding ear notch 
and lymph nodes

RESULTS
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Comparative BVDV COMMERCIAL TESTS



Comparative test conclusion

• Reliably detect negative or non-viremic animals. 
• High correlation (sensitive) between IDEXX BVDV PI X2 Antigen-capture ELISA 

with PCR
• High negative predictive value
• Unknown specificity- likely high false positives in previous studies?
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fundefined.photos%2F
photo-gallery%2Fnegative-predictive-value-vs-
specificity&psig=AOvVaw0HiFSp4ukg3i3ddAKlwdEr&ust=1717518195553000&s
ource=images&cd=vfe&opi=89978449&ved=0CBIQjhxqFwoTCLCiiYHsv4YDFQA
AAAAdAAAAABAI



Swine vs Bovine BVDV 
isolate PI infection
• Evaluate antigenic changes during immune 

recognition of pregnant cattle and creation 
of PI
• BVDV propagated in heterologous hosts
• BVDV propagated in cattle hosts
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Swine vs Cattle BVDV PI Genetics
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Swine Isolate
 460f6

Pre-colostrum viremia PI calf
Acute Infection Heifer

Inoculum

Bovine Isolate 
AU-526

Pre-colostrum viremia PI calf
Acute Infection Heifer

Inoculum

VS



Research timeline- swine vs cattle
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DAY 75 
GESTATION

ACUTE 
INFECTION GESTATION PARTURITION SEQUENCING



Nucleotide difference between Inoculum and PI Calves

Total Transition Transversion Npro C Erns E1 E2
01L 41 21 10 2 5 11 4 19
02L 9 3 0 0 0 1 4 4
03L 27 22 5 NA 3 9 4 11
04L 7 4 3 1 1 1 2 2
05L 35 29 6 5 3 10 5 12
06L 32 26 6 0 4 12 4 12
07L 38 31 7 3 4 11 5 15
08L 6 3 3 1 1 1 1 2
09L 34 25 9 4 3 9 5 13
10L 4 2 2 1 1 0 1 1

Median 29.5 21.5 5.5 1 3 9 4 11.5
Mean 23.9 17.0 5.1 1.8 2.5 6.7 3.5 9.3



Amino Acid difference between Inoculum and PI Calves

Total Npro C Erns E1 E2
01L 19 1 2 7 2 7
02L 8 0 0 1 4 3
03L 11 NA 1 1 2 7
04L 6 0 1 1 2 2
05L 11 0 1 1 2 7
06L 16 0 1 8 2 5
07L 11 0 2 1 2 6
08L 3 0 1 0 1 1
09L 15 1 1 3 3 7
10L 3 0 1 0 1 1

Median 11 0 1 1 2 5.5
Mean 10.4 0.2 1.1 2.2 2.1 4.7



Conserved Amino Acids in PI calves

Viral 
Protein C Erns E1 E2

AA 
Position 6 36 49 169 178 209 8 36 57 213 254 281 301 373
460-f6 N K T D A R Y R T S R H K L

01L D R I H T K Y G T F R Y T S
02L N K T D A G Y R T S Q H K L
03L D K T H T K Y G I F R Y S S
04L D K T D A G Y R T S Q H K L
05L D K T H T K F G I F R Y R S
06L D R I H T R Y G T F R Y T S
07L D K T H T K F G I F R Y S S
08L D K T D A R Y R T S R H K L
09L D K T H T G F G T F L H R S
10L D K T D A R Y R T S R H K L



Swine vs Cattle 
Genetics 
Results
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Cell-mediated 
immunity during 
pregnancy recognition 
with a PI fetus

•Does pregnancy with a PI 
fetus alter the cell 
mediated immunity and 
the ability for the adaptive 
immune system to 
respond to both specific 
and non-specific 
challenges?
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CMI Assay Heifers

• Materials and Methods 76
• Prior to Challenge
• Early gestation 

130
• Early gestation
• 50 days post challenge

190
• Mid-gestation
• 110 days post challenge

240
• Late-gestation
• 160 days post challenge
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Immune response during pregnancy

95 285190



Heifers with PI and non-PI fetuses 
Mitogen stim- Total IFN and CD4s



Heifers with PI and non-PI fetuses 
BVDV stim – Total and CD4
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