
120 THE BOVINE PRACTITIONER—VOL. 54, NO. 2—2020  

Influence of bovine viral diarrhea virus infections on AI 
conception and breeding season pregnancy success in 
vaccinated beef herds
Kaitlin M. Epperson,1 MS; Jerica J. J. Rich,1 PhD; Saulo Menegatti Zoca,1 MS; Stephanie D. Perkins,1 MS; 
Emmalee J. Northrop,1 PhD; Russell F. Daly,2 DVM, MS, DACVPM; Julie A. Walker,1 PhD; Jim R. Rhoades,3 DVM; 
George A. Perry,1 PhD
1 Department of Animal Science, South Dakota State University, Brookings, SD 57007
2 Department of Veterinary and Biomedical Sciences, South Dakota State University, Brookings, SD 57007
3 IDEXX Laboratories, Westbrook, ME 04092
 Corresponding author: George A. Perry, George.Perry@ag.tamu.edu

Abstract

Bovine viral diarrhea virus (BVDV) causes reproductive 
and economic losses in cattle. The objective of this study was 
to evaluate the influence of BVDV infections on reproductive 
success in previously vaccinated herds. Vaccinated cows 
(n=370) and heifers (n=528) from 9 herds were synchro-
nized and artificially inseminated (AI).  On d 28 following 
insemination, blood samples were collected and pregnancy 
status was determined. Non-pregnant animals were resyn-
chronized and inseminated a second time.  Blood samples 
were tested for the presence of BVDV antigen. Animals that 
tested positive were considered infected with BVDV. Herds 
with at least 1 positive animal were determined to be BVDV-
infected (n=4 infected, n=5 non-infected). Statistical analyses 
were performed using the GLIMMIX procedure of SAS with 
herd as a random variable. Herds with BVDV infections at d 
28 had significantly decreased (P < 0.01) AI conception rates 
compared to non-infected herds (34 ± 2.3% vs 56 ± 2.3%).  
Breeding season pregnancy rates were also decreased (P < 
0.01) in BVDV-infected herds compared to non-infected herds 
(68 ± 3.1% vs 88 ± 6.9%). In conclusion, BVDV infections 
in previously vaccinated herds had a negative impact on AI 
conception rates and breeding season pregnancy success. 

Key words: bovine viral diarrhea virus, pregnancy success, 
vaccination

Introduction

Bovine viral diarrhea virus (BVDV) is a major reproduc-
tive pathogen in cattle and is responsible for costly reproduc-
tive and other economic losses in the beef industry. Evidence 
of exposure to BVDV is widespread throughout cattle herds 
in the United States and the world. It is reported that calves 
born persistently infected (PI) with BVDV represent as much 

as 1 to 2% of the cattle population and serve as sources of 
viral shedding through the duration of their lives.17 When 
considering the rise of BVDV-related reproductive loss in 
cattle,8 this area of BVDV-mediated loss may pose the great-
est economic concern compared to losses incurred through 
respiratory, immune, and neurological dysfunction caused by 
BVDV.13 Infections of females in the breeding herd can result 
in a variety of consequences, depending on which stage of ges-
tation infection occurs. The most commonly observed effects 
are poor conception rates, abortion, congenital defects, or 
birth of PI calves. Infections with BVDV in seronegative cows 
during the breeding season resulted in a 56.4% reduction in 
conception rates compared to cows that seroconverted prior 
to the breeding season.27  In addition, viremia in previously 
non-vaccinated animals at time of artificial insemination (AI) 
significantly reduced first-service conception rates.30  These 
studies report the impact of BVDV on reproductive perfor-
mance in naïve animals.  Little is known, however, about the 
reproductive consequences of BVDV infections in previously 
vaccinated animals. Therefore, the objective of this study was 
to evaluate the influence of BVDV infections on reproductive 
success after AI, and at the end of the breeding season in 
previously vaccinated animals.

Materials and Methods

Experimental Design
All procedures were approved by the South Dakota 

State University Institutional Animal Care and Use Commit-
tee. This study utilized previously vaccinated beef cows and 
heifers from 9 different herds in South Dakota (n = 370 cows, 
n = 528 heifers). All animals utilized had received vaccina-
tions for BVDV (Table 1) as heifers, and as cows were given 
yearly booster vaccinations. The most recent vaccination was 
administered a minimum of 30 d prior to the first artificial 
insemination (AI). Four of these herds (3 groups of heifers 
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and 1 group of cows) were housed at a common commercial 
facility for the entire breeding season. Animals at this facility 
were inadvertently exposed to BVDV by purchased animals 
(1 group of heifers) that were brought to the facility and then 
either allowed to commingle or have fence-line contact with 
other animals without having been tested and/or quaran-
tined.  The other 5 herds were all housed at different facilities, 
and had no exposure with this facility or the herds at this 
facility.  The herds in this study consisted of Angus, Red Angus, 
Hereford, and commercial crossbred animals.  Each herd was 
managed by its own protocols for nutrition and vaccination 
(Table 1).  All herds were synchronized and inseminated in 
the spring of the year (between May and July) in eastern South 
Dakota.  The authors have worked with all of these herds for 
several years on reproductive management protocols, and 
all herds had previously responded similarly in the past.  All 
herds were synchronized and inseminated using the same 
protocol, and the same technicians inseminated all animals.  
All 9 herds (including the 4 at 1 location) were inseminated 
at different times between the 1st of May and the 15th of July).  
Time of insemination did not impact pregnancy success as 
the 4 herds were not inseminated in order.  Herds that were 
not exposed were inseminated around the same time and in 
between herds that were exposed.  Multiple sires were used 
in all herds to be able to account for variations in sire.

Animals were synchronized using the 7-day CO-Synch + 
CIDR protocol and AI as part of ongoing reproductive research 
efforts.  All cows were a minimum of 30 days postpartum at 
the start of the synchronization protocol, and all heifers would 
have been between 14 and 16 months of age.   In brief, animals 
were administered gonadorelin hydrochloride (GnRH)a on d  
-10, and progesterone as a vaginal insert.b On d -2 vaginal 
inserts were removed and dinoprost tromethamine (prosta-
glandin F2-alpha [PGF])c was administered. On d 0, heifers were 
bred 52 to 56 h and cows 60 to 66 h after dinoprost trometh-
amine injection,c and gonadorelin hydrochloride (GnRH)a 

was administered at time of AI (AI 1). On d 21 following the 
first insemination, the animals were resynchronized using 

the 7-day CO Synch + CIDR protocol. At this time all animals 
received an injection of gonadorelin hydrochloride (GnRH)d, 
and half of the animals received a progesterone vaginal insertb 
while the other half did not as part of the aforementioned 
reproductive research efforts. On d 28, vaginal inserts were 
removed, blood samples were collected, and all animals were 
examined by transrectal ultrasonography for pregnancy. 
Those determined not pregnant via ultrasound and a com-
mercially available blood pregnancy teste were administered 
dinoprost tromethamine (prostaglandin F2-alpha [PGF])f and 
animals were artificially inseminated 52 to 56 h and 60 to 
66 h later (heifers and cows, respectively) and GnRHd was 
administered at time of AI (AI 2). Estrus activity was evalu-
ated at the time of AI 1 and 2 by visualizing an estrus detec-
tion aid patchg and assigning a value according to the degree 
surface ink had been removed. A 1 to 4 value scoring system 
was used, with patches that were 0 to 25%, 25 to 50%, 50 
to 75%, and 75 to 100% rubbed off having a score of 1, 2, 3, 
and 4, respectively. Animals with a patch score of 1 to 2 were 
considered not in estrus, while animals with patch scores 3 to 
4 were considered in estrus. Bulls remained separated from 
heifers and cows for a minimum of 10 d after AI 2.

Animals and Vaccinations

Blood Sampling and Pregnancy Detection
On d 28 after AI 1, all animals were examined by trans-

rectal ultrasonography by a skilled technician. Presence or 
absence of a fetus was used for pregnancy diagnosis. Ad-
ditionally, blood was collected from the jugular or tail vein 
into 10-mL vacuum blood tubesh for immediate whole blood 
analysis via a commercial blood pregnancy test.e Samples and 
controls were pipetted into the provided plates and the test 
was carried out according to the manufacturer’s instructions. 
Plates were evaluated and scored according to color using 
the method described by Northrop et al.23 Remaining whole 
blood samples were centrifuged at 3,000 x g for 30 min at 
39.2°F (4°C) for immediate plasma collection. Harvested 

Table 1. Records of herd size, age, most recent vaccination, and number of days the most recent vaccination was administered before AI.
Herd Herd size Age* Most recent vaccine** Vaccination days pre-breeding

1 135 heifers Vista 5 VL5 30+ d prior
2 91 heifers Bovi-Shield Gold FP5 VL5 30+ d prior
3 151 heifers Vista 5 VL5 30+ d prior
4 79 cows CattleMaster Gold FP5 L5 30+ d prior
5 83 heifers Bovi-Shield Gold FP5 VL5 45 d prior
6 43 cows Bovi-Shield Gold FP5 VL5 45 d prior
7 97 cows PregGuard 9 30+ d prior
8 151 cows Bovi-Shield Gold FP5 VL5 30+ d prior
9 68 heifers Bovi-Shield Gold FP5 VL5 30+ d prior

*Cows were between 2 and 12 years old, and all cows were a minimum of 30 days postpartum at the start of the synchronization protocol.  All 
heifers were between 14 and 16 months of age at synchronization.

**Vista® 5 VL5, Merck Animal Health, Madison, NJ; Bovi-Shield Gold® FP® 5 L5, CattleMaster® Gold FP™ 5 L5, and PregGuard 9®, Zoetis Animal 
Health, Florham Park, NJ.
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plasma samples were then stored at -4°F (-20°C) until further 
analysis using a commercially available laboratory BVDV test 
kit.i A final pregnancy diagnosis was conducted solely with 
transrectal ultrasonography between 33 to 80 days following 
the first pregnancy diagnosis. 

BVDV Antigen Testing
Frozen plasma samples were analyzed using a com-

mercially available laboratory BVDV test kiti after the end 
of the breeding season. This test was selected as it is USDA 
licensed and has superior sensitivity (97% relative to RT-
PCR) and specificity (100% relative to RT-PCR) for detection 
of the BVDV Erns antigen.18  As stated from the manufacturer, 
to determine persistent infections a second confirmation 
test is necessary as this test will also detect animals that 
are transiently infected.  In the current study, all animals 
that tested positive with the day 28 blood sample and were 
pregnant at the end of the breeding season were tested again 
after the breeding season (all pregnant animals were negative 
for antigen in the second test).  Controls and samples were 
pipetted into the provided plates, and plates were handled ac-
cording to the manufacturer’s instructions. The results from 
the BVDV testi were analyzed on a microtiter plate reader. 
Optical density values obtained from the plate reader from 
the samples and controls were used to calculate the BVDV 
ratio according to the manufacturer’s instructions. Positive 
samples were indicative of BVDV infections. Furthermore, 
herds were classified as infected based on the presence of 
at least 1 (as many as 8) positive animal for BVDV antigen.  

Statistical Analysis
All statistical analyses were completed using commer-

cially available statistical software.j The effect of herd BVDV 
infection status on AI 1, AI 2, AI 1 and 2, and breeding season 
pregnancy rates, as well as estrus expression at each AI, were 
evaluated using the GLIMMIX procedure of SAS. Additionally, 
the effect of herd BVDV infections on embryonic loss, and 
percent of embryonic loss that became rebred was performed 
using the GLIMMIX procedure of SAS. The generalized linear 
mixed model (GLIMMIX) in SAS allows for the modeling of 
data that is both continuous (i.e. animal age) and categorical 
(pregnant vs open).  This allows for all data to be analyzed 
together to account for factors that might impact fertility that 
were not part of the study.  In all analyses, herd was utilized as 
a random variable to account for differences in management 

that could not be controlled but that might impact fertility. 
Differences were considered to be significant when P ≤ 0.05 
and a tendency when 0.05 < P ≤ 0.10. All data are reported 
as LS means ± SE of the mean.

Results

Detection of BVDV from Blood Samples
In using the d 28 blood samples with the BVDV test,i 4 

herds were identified as having been exposed to BVDV. Utiliz-
ing the d 28 blood samples, an active infection of BVDV was 
identified in 18 animals (animals that had antigen for BVDV 
in their blood on the day of sample collection), thus subjecting 
the entire commercial facility to BVDV infections during the 
breeding season due to exposure through shared facilities 
and fenceline contact. Additionally, these 4 herds were the 
only herds in the study which added and commingled recently 
purchased animals around the start of the breeding season.

Estrus Expression
Herd estrus expression prior to AI 1 was significantly 

decreased by BVDV infection status (P = 0.04). BVDV infected 
herds had an estrus expression rate of 54 ± 2.3%, while the 
non-infected herds had a rate of 62 ± 2.9%. However, herd 
BVDV infection status did not significantly influence estrus 
expression prior to AI 2 (P = 0.30) on day 30 or 31. At this 
time, infected herds had an estrus expression rate of 56 ± 
2.9% and 61 ± 3.9% for non-infected herds (Table 2).

Pregnancy Success
First-service AI conception rate was influenced by 

BVDV infections (P < 0.01). Herds which were infected with 
BVDV had a significantly decreased AI 1 conception rate 
compared to herds with no BVDV infections (34 ± 2.3% vs 56 
± 2.3%, respectively). Additionally, there was a tendency (P = 
0.06) for pregnancy success to be reduced in BVDV infected 
herds after AI 2 compared to non-infected herds (37 ± 4.4% vs 
51 ± 9.5%, respectively). When conception rates for AI 1 and 
2 were analyzed collectively, a similar response was observed. 
Infected herds had significantly decreased conception rates 
after 2 rounds of AI compared to non-infected herds (51 ± 
2.3% infected vs 68 ± 2.3% non-infected, P < 0.01). Overall 
breeding season pregnancy success was influenced by herd 
BVDV infection status (P < 0.01). Herds with evidence of 
BVDV infections had decreased breeding season pregnancy 

Table 2. Influence of BVDV infections on estrus expression and pregnancy rates.

BVDV status Herds (n) # Hd
Estrus expression Pregnancy

AI 1 AI 2 AI 1 AI 2 AI 1 and 2 Breeding season
Infected 4 456 54 ± 2.3%c 56 ± 2.9% 34 ± 2.3%a 37 ± 4.4%e 51 ± 2.3%a 68 ± 3.1%a

Non-infected 5 442 62 ± 2.9%d 61 ± 3.9% 56 ± 2.3%b 51 ± 9.5%f 68 ± 2.3%b 88 ± 6.9%b

  Values within a column having different superscripts are different abP < 0.01, cdP = 0.04, efP = 0.06
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rate compared to non-infected herds (68 ± 3.1% vs 88 ± 
6.9%, respectively). These results are summarized in Table 2.

Embryonic Loss
Following AI 1, a total of 25/158 and 29/245 females 

lost their pregnancy in BVDV-infected and non-infected 
herds, respectively. There was no significant difference in 
the percentage of animals which experienced embryonic loss 
after the first insemination between BVDV-infected and non-
infected herds (16 ± 2.7% infected vs 12 ± 2.2% non-infected, 
P = 0.23). Furthermore, there were no differences in the 
percentage of animals which lost a pregnancy from AI 1 and 
that were able to be subsequently rebred by bull exposure 
by the end of the breeding season (28 ± 9.6% infected vs 43 
± 10.5% non-infected, P = 0.30).

Discussion

Infertility, or the failure of females to become preg-
nant in a defined breeding period, stands as the most costly 
reproductive condition for beef cattle.3 Reproductive condi-
tions and diseases cost 3.6% of the value of beef production, 
resulting in expenditures of $441 to $502 million annually.3 It 
is well established that BVDV is an infectious disease of both 
economic and physiologic importance for the beef industry. 
In particular, its ability to cause decreased conception rates, 
higher incidence of abortion, and development of PI calves 
due to exposure in naïve or non-vaccinated animals remains 
an area of concern for the breeding herd.20,27,30 

Despite research reports available that evaluate the 
negative effects of BVDV on reproductive performance in na-
ïve animals, little research has examined the effects of BVDV 
exposure on reproductive success in previously vaccinated 
animals. In the present study, evidence of BVDV infections 
was associated with significantly decreased first, second, 
and overall breeding season pregnancy rates in previously 
vaccinated heifers and cows. These results are contrary to 
the current dogma on vaccinated animals. However, these 
results are supported by recent research that has investigated 
the efficacy of vaccines to prevent PI calves. A recent study 
completed by Walz and co-authors28 compared reproduc-
tive protection between heifers vaccinated with 2 different 
vaccination programs (both a modified-live and a combina-
tion vaccine program), and all animals were administered 
boosters prior to BVDV exposure. A challenge with BVDV 
(via PI animals) during d 95 to 111 of gestation resulted in an 
abortion rate of 13% in the modified-live vaccine treatment 
group and 5% in the combination vaccination group (25% of 
the aborted fetuses tested positive for BVDV). Additionally, 
1 live calf born in the modified-live group tested positive for 
BVDV, and was later determined to be PI.28  Another study 
compared the level of protection provided by 3 different 
multivalent vaccines with inactivated BVDV components. 
Although animals were vaccinated with their respectively 
assigned treatment twice prior to exposure to PI animals (d 

33 to 91 of gestation), between 48% and greater than 90% of 
animals in any treatment group were positive for virus isola-
tion from white blood cells between d 6 and 10 of exposure. 
Additionally, abortion rates ranged from 9.7% to 22.7%, and 
between 43% and 93% of fetuses were infected with BVDV.29  
Furthermore, a recent meta-analysis investigated the efficacy 
of BVDV vaccination to prevent reproductive disease.22  This 
meta-analysis indicated that the risk of fetal infections in 
vaccinated animals was one-seventh the risk of unvaccinated 
animals, and that vaccination reduced the abortion risk by 
approximately 40% compared to unvaccinated animals.22  
These results further indicate the ability of BVDV to surpass 
the immune system and interfere with pregnancy, despite 
animals having been administered multiple vaccinations 
prior to exposure (all heifers had received between 2 and 3 
vaccinations prior to the breeding season, and all cows were 
vaccinated as heifers and were receiving annual boosters 
prior to breeding).

In a production situation, animals can be exposed to 
BVDV through contact with an infected animal (transient 
infection or PI). In the current study, animals were exposed 
to BVDV by animals being purchased and then either allowed 
to commingle or have fenceline contact with other animals 
without being tested and/or quarantined. This type of expo-
sure can result in a transient infection in animals exposed. It 
has been suggested that the most influential manifestations 
of BVDV are through acute transient, postnatal infections.6 
Several reports verify the consequences of acute transient 
infection of BVDV in causing fever, diarrhea, oral ulcerations, 
abortions, and mortality.7,10,19,24  Acutely infected animals may 
display differing levels of severity in clinical signs, as well as 
differences in the duration of infection. However, regardless 
of the nature of BVDV infection, costly reproductive conse-
quences can result for the breeding herd. 

It has been suggested that the current focus of vac-
cine research is centered on improving fetal protection by 
preventing birth of PI calves and abortions following BVDV 
infection.21  The adverse effects noted in the current study, 
however, illustrate the consequences of BVDV infection early 
in the breeding season. It also further supports the idea that 
vaccination, as the sole method of controlling BVDV, has not 
resulted in elimination or reduction of this disease in the US 
cattle industry.11,26 Therefore, vaccination should be consid-
ered a tool along with biosecurity and testing to identify and 
eliminate infected cattle to decrease the adverse impacts of 
BVDV exposure to a breeding herd.21  Although vaccination 
remains an important consideration, this method alone 
is not capable of eliminating the risk of BVDV-associated 
reproductive and economic loss. Because BVDV remains 
a contributor to infertility, the significance of its ability to 
remain a reproductive barrier for vaccinated herds should 
be carefully considered. The illustrated ability of BVDV to 
hinder reproductive function and subsequently decrease 
pregnancy success in the present study draws attention to 
the need for biosecurity measures and routine BVDV testing 
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for PI animals to be included in herd management practices. 
Thus, recommendations for effective reproductive manage-
ment of beef herds include regular vaccination for aid in 
control of detrimental infectious reproductive diseases, 
and testing to decrease the possible exposure to infectious 
reproductive diseases.

Conclusions

Bovine viral diarrhea virus poses reproductive and 
economic risks to beef producers. The results from this study 
exemplify the negative consequences of BVDV infection dur-
ing the breeding season on pregnancy success, despite ap-
propriate vaccination prior to the breeding season. Although 
vaccination programs assist in providing protection against 
BVDV, other methods of herd health management such as 
biosecurity and testing for PI animals are necessary practices 
to prevent BVDV-mediated reproductive loss.

Endnotes

a Factrel®, Zoetis Animal Health, Florham Park, NJ
b Eazi-Breed CIDR® implants, Zoetis Animal Health, Florham 
Park, NJ

c Lutalyse HighCon®, Zoetis Animal Health, Florham Park, NJ
d Cystorelin®, Boehringer Ingelheim, Ridgefield, CT
e IDEXX Rapid Visual Pregnancy Test®, IDEXX, Westbrook, ME
f SynchSure®, Boehringer Ingelheim, Ridgefield, CT
g Estrotect®, Western Point, Inc., Apple Valley, MN
h Vacutainer®, Becton, Dickinson and Company, Franklin 
Lakes, NJ

i IDEXX BVDV PI X2 Kit®, IDEXX, Westbrook, ME
j SAS® Version 9.4, Cary NC
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