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Abstract
This study was conducted to determine the effect 

of removing cattle persistently infected (PI) with bovine 
viral diarrhea virus (BVDV) on seroprevalence and 
prevalence of PI calves in an endemically infected beef 
herd. The prevalence of PI animals and the serum neu­
tralizing (SN) titers of heifers, bulls and calves were 
determined for three cow-calf herds in a beef cattle ranch 
over a period of two years. In the first year, identified 
PI animals were removed from the herd within three 
weeks of identification. Five PI animals of2921 (0.171%) 
cattle tested were identified in the first year. One PI 
animal was a yearling heifer and the remaining four 
were calves. Three of the four PI calves identified were 
removed prior to the breeding season, when the calves 
averaged two months of age. One PI animal was not 
identified until weaning at six months of age, and was 
present in the herd during the breeding season. The 
percentage of animals with high SN titers (>1:512) were 
20.6% (367/1784) to type I BVDV and 44.8% (799/1784) 
to type II BVDV. In year two, PI calves were not identi­
fied and the percentage of calves with high SN titers to 
BVDV type I and type II decreased to 5.91% (58/981) 
and 18.04% (177/981), respectively. Removal of PI ani­
mals in the first year reduced transmission of BVDV as 
evidenced by a significant decrease in the prevalence of 
high BVDV SN titers and the absence of PI animals the 
following year. These findings support the use of PI 
animal identification and removal as an effective BVDV 
control strategy in beef herds.

Resume
Cette etude a ete menee afin de determiner l’effet 

de retirer le betail infecte de fagon persistante avec le 
v irus de la d iarrhee  v irale bovine (DVB) su r la 
seroprevalence et la prevalence de veaux infectes de 
fagon persistante dans un troupeau de boucherie infecte 
endemiquement. La prevalence d’individus infectes de 
fagon persistante et les titres d’anticorps neutralisants 
dans le serum de taures, de taureaux et de veaux ont 
ete examines dans trois troupeaux vaches-veaux d’un 
elevage de bovins de boucherie sur une periode de deux 
ans. Lors de la premiere annee, les animaux identifies 
comme etant infectes de fagon persistante ont ete retires 
du troupeau dans les trois semaines suivant leur iden­
tification. Dans cette premiere annee, on a identifie cinq 
animaux infectes de fagon persistante parmi les 2921 
animaux testes (0.171%). L’un de ces animaux etait une 
taure de l’annee alors que les quatre autres etaient des 
veaux. Trois de ces quatre veaux ont ete retires avant le 
debut de la saison de reproduction quand ces animaux 
etaient ages en moyenne de deux mois. Un des animaux 
infectes de fagon persistante n’a pas ete identifie avant 
son sevrage a six mois et a done ete present dans le 
troupeau  pendan t la saison de reproduction. Le 
pourcentage d’animaux avec des titres neutralisants 
eleves (>= 1 :512) etait de 20.6% (367/1784) pour le vi­
rus de la DVB de type I et de 44.8% (799/1784) pour le 
virus de la DVB de type II. Lors de la deuxieme annee, 
aucuns veaux infectes de fagon persistante n’ont ete 
identifies et le pourcentage d’animaux avec des titres
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neutralisants eleves est passe a 5.91% (58/981) pour le 
virus DVB de type I et a 18.04% (177/981) pour le virus 
DVB de type II. Le retrait des animaux infectes de fagon 
persistante lors de la premiere annee a reduit la trans­
mission du virus DVB tel que demontre par la diminu­
tion significative de la prevalence de titres neutralisants 
eleves e t l ’absence d’anim aux infectes de fagon 
persistante lors de la deuxieme annee. Ces resultats 
supportent l’utilisation de la methode d’identification 
et de retrait des animaux infectes de fagon persistante 
comme strategie de controle efficace du virus de la DVB 
dans les troupeaux de bovins de boucherie.

Introduction
Bovine viral diarrhea virus (BVDV) is an economi­

cally important pathogen of cattle worldwide. The trans­
mission of BVDV vertically from dam to fetus and 
horizontally from animal to animal compounds the dif­
ficulty in controlling these infections. In utero infection 
of the fetus during the first trimester of pregnancy can 
result in the birth of a persistently infected (PI) calf, 
which is the primary transm itter of BVDV.1 Fetal in­
fections also result in significant calf losses during BVDV 
epidemics as a result of abortions, infertility, stillbirths 
and neonatal calf mortality.23

Multiple studies have documented the prevalence 
of PI anim als and BVDV seroprevalence in dairy 
herds.3’11’16 Sorensen et al23 showed that with one PI 
animal present in a naive dairy herd, transmission of 
BVDV could proceed at a rate where 20% of the suscep­
tible animals become infected per week. In vaccinated 
and unvaccinated BVDV endemic dairy herds, the PI 
animal prevalence can range from 1-2% with 60-90% of 
seropositive animals in the herd.11’12 In previous sur­
veys of US beef herds, PI animal prevalence ranged from 
0.1-2%.1025 The seroprevalence in herds where one PI 
animal was present ranged from 15-80%.8’10>15’18

There are important differences between dairy 
and beef herd management practices that may impact 
BVDV spread and infection. Dairy cattle are normally 
confined within close proximity to one another, which 
might result in more contacts between susceptible and 
PI cattle, possibly increasing the rate of BVDV infec­
tion. Dairy cattle are also bred year round, allowing 
PI animals to be introduced to the herd continuously, 
potentially increasing exposure rates. Because most 
beef cattle are bred synchronously, there is a limited 
time period when exposure to BVDV can result in a PI 
fetus. In addition, beef cattle are generally grazed on 
large pastures where contact with other cattle may be 
reduced, thus slowing the spread of BVDV.24 The pur­
pose of this study was to determine the efficacy of PI 
animal removal as a BVDV control method in United 
States (US) beef herds.

M aterials and Methods
Herd Selection and Management

An endemically BVDV-infected beef herd was re­
cruited for this study. Ranch managers had noted ex­
cess calf m ortality from abortions and respiratory 
disease for several years. Herd BVDV infection was 
previously diagnosed on the basis of elevated serum 
neutralizing (SN) titers in heifers and the isolation of 
BVDV from calves’ tissues.

Cattle were managed in five groups consisting of 
three cow/calf herds, one replacement heifer herd and 
one bull herd. First-calf heifers (herd A) were bred from 
June to July and calved from February to April the fol­
lowing year. Cows in herds B and C were bred from 
June to August and calved from April to May the follow­
ing year. Calves were uniquely identified at birth with 
ear tags. The identification of the dam, the date of birth 
and weight of calves were recorded. Calves were 
branded between April and June, and weaned in Sep­
tember. At weaning, calves were weighed and calf losses 
from branding to weaning were recorded. Heifers were 
selected for replacement at weaning based on weaning 
weight and general thriftiness. Other weaned calves 
were sold between 8 and 10 months of age.

Cows were estrus-synchronized, bred by artificial 
insemination and followed by breeding with bulls. All 
herds were grazed separately after breeding. Through­
out the year, the herds were rotated to different pas­
tures every two to six days. Animals in herd A could 
have contact across fence lines with animals in herd C. 
In addition, animals in herds B and C could potentially 
have contact across fence lines with neighboring cattle 
and one another.

Calves were vaccinated at branding with an inac­
tiv a ted  vaccine composed of in fectious bovine 
rhinotracheitis virus (IBR), type I and type II BVDV, 
parainfluenza-3 (PI3) and bovine respiratory syncytial 
virus (BRSV). Calves received a second vaccination with 
the same product at weaning. Each year cows and bulls 
received an inactivated vaccine at breeding containing 
IBR and type I and type II BVDV.

Sample Selection and Collection
In the first year, blood samples were collected from 

all replacement heifers (n=919) and breeding bulls (n=82). 
Calves from three cow/calf herds were bled once at brand­
ing (4-6 weeks of age) and again at weaning (4-6 months 
of age). At branding, there were 561 calves in herd A, 623 
in herd B and 736 in herd C. At weaning, herd A con­
tained 540 calves, herd B had 571 and herd C contained 
673. Decreases in calf numbers were due to calf mortali­
ties and the sale of cow/calf pairs prior to weaning (55 
cow/calf pairs from herd B and 62 pairs from herd C).
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In the second year, blood samples were collected 
from calves at branding from herd A (n=532), herd B 
(n=479) and herd C (n=585). At weaning, 522 calves in 
herd A, 631 in herd B and 580 calves in herd C were 
tested. The replacement heifer and breeding bull herds 
tested in the first year were not retested the second year.

Blood was collected from cattle by jugular or tail 
venipuncture into 5 ml purple-topped (EDTA) blood col­
lection (Vacutainer®) tubes. Plasma was separated and 
stored at 39.2°F (4°C) until completion of virus isola­
tion and was then stored at -4°F (-20°C).
Virological Examination

Plasma samples from replacement heifers, breed­
ing bulls and calves at branding and weaning were as­
sayed for BVDV antigen by microtiter virus isolation 
(MTVI) ELISA using previously described methods.21 A 
sample was considered positive for BVDV if specific 
antigen staining was observed in the cytoplasm of BT 
cells examined by light microscopy. Blood samples from 
dams of BVDV-positive calves were collected and tested 
for the presence of virus by MTVI.
Reverse-Transcriptase Polymerase Chain Reaction 
(RT-PCR)

If a sample was positive by MTVI, the buffy coat was 
collected for reverse-transcriptase polymerase chain reac­
tion (RT-PCR) as previously described.20 A second blood 
sample taken three weeks after the initial sample was also 
assayed to confirm persistent infection. Contaminating 
red blood cells were lysed in tris-NH4Cl buffer (0.85% w/v 
NH4CL in 0.1M Tris) at 39.2°F (4°C) for 10 minutes. The 
Tris-NH4C1 mixture was centrifuged at 1500 rpm for 10 
minutes, the supernatant was decanted and the cells were 
washed with 500 ml of Hank’s balanced salt solution 
(HBSS) and centrifuged a second time at 1500 rpm for 10 
minutes to remove residual Tris-NH„C1. Total RNA was4

extracted from buffy coat cells (Rneasy Mini Kit, Qiagen, 
Inc., Valencia, CA), as well as from plasma and cell cul­
ture media. Diethylpyrocarbonate (DEPC) water was used 
as a negative control while RNA extracted from Singer 
(type la), NY-1 (type lb), and 125c (type II) infected cell 
cultures were used as positive BVDV controls. PCR prod­
ucts were separated on a 1.5% agarose gel containing 3.3% 
ethidium bromide at 90V for approximately 30 minutes. 
Further genotyping of the type I BVDV strains into type 
la and type lb was performed as previously described.19
Serum Neutralization Assay

Plasma from calves collected at weaning as well 
as samples collected from bulls and replacement heif­
ers were assayed for antibody titers to BVDV types I 
and II using standard serum neutralization (SN) meth­
ods.5 Antibody titers were determined for all animals 
sampled in year one. In year two, SN titers were deter­
mined for 50% of the calves.
Data Analyses

Basic statistics were computed and a Chi-square 
analysis was performed using the FREQ procedure in 
SAS.22 Fisher’s exact one-sided test was used, adjust­
ing for multiple comparisons, to determine if the prob­
ability of observing an animal with a high SN titer for 
type I and type II BVDV in each herd (A, B, C) exceeded 
the probability in each other herd. The SN titer data 
were then transformed and analyzed using a general­
ized linear model to compare geometric means, adjust­
ing for multiple comparisons, between the three herds. 
A statistical level of 0.05 was considered significant.

Results
In the first year, blood samples from 401 calves in 

herd A were available shortly after birth. Two animals

Table 1. BVDV PI screening of replacement heifers, bulls and calves in three cow/calf herds (A, B and C) by MTVI 
and RT-PCR.3

Year 1 Total samples Pis PI prevalence Genotype
Cow/calf Herd A 561 2 0.36% Type lb

Herd B 623 2 0.32% Type II
Herd C 736 0 0.00% n/a

Replacement heifers 919 1 0.11% Type II
Breeding bulls 82 0 0.00% n/a

Year 2 Total samples Pis PI prevalence Genotype
Cow/calf Herd A 532 0 0.00% n/a

Herd B 585 0 0.00% n/a
Herd C 479 0 0.00% n/a

Replacement heifers and breeding bulls were not tested in year two because they were tested in year 1.
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were identified as persistently infected with a ncp type 
lb BVDV by MTVI-ELISA and RT-PCR. An additional 
164 calves from herd A were screened at branding (six 
weeks of age) and were negative for BVDV (Table 1). 
Two PI calves were found in herd B; one at branding 
and the second detected at weaning. Both were infected 
with ncp type II BVDV The viremic calf identified at 
weaning was tested previously at branding, but gave a 
negative result by MTVI, presumably due to maternal 
antibody interference.4 Serum neutralization titers of 
this calf at branding were 1:128 to type I BVDV and 
1:64 to type II BVDV. At weaning, the calf had BVDV 
antibody titers <1:8 for typed and type II, which is con­
sistent with a decline in maternal antibodies and per­
sistent BVDV infection.

All PI animals were removed from the herd within 
three weeks of confirmation by RT-PCR. The dams of 
suspected PI calves were negative for BVDV. PI calves 
were not detected in herd C or in the bull herd (Table 1). 
The replacement heifers had been tested previously for 
PI status by skin biopsy (ear notch) immunohistochem- 
istry, but were re-tested. A PI heifer was identified by 
MTVI and removed from the replacement heifer herd 
shortly after testing. The PI animal prevalence for the 
total animals on the ranch was 0.171% (5/2921). Herd A, 
B and the replacement heifers had PI animal prevalences 
of 0.36, 0.32 and 0.11%, respectively (Table 1). The sec­
ond year, calves in herds A, B and C were tested at brand­
ing and weaning and no PI calves were identified.
BVDV Serology: Year 1

Serum neutralizing titers to type I and II BVDV 
were determined for blood samples collected at wean­
ing, when calves were between four and six months of 
age. Serum neutralization (SN) titers >1:512 were con­
sidered to be the result of BVDV infection due to infec­
tious contact with a PI animal versus due to residual 
maternal antibodies at this age.20 The seroprevalence 
of calves with SN titers >1:512 to type I in all three cow/ 
calf herds was 20.6% and 44.8% to type II BVDV (Fig­
ure 1). Comparison of the geometric mean titers (GMT) 
showed calves from all three cow/calf herds had signifi­
cantly more individuals with high titers to type II than 
to type I BVDV (Figure 1). Replacement heifers and 
bulls also had more individuals with higher titers to type 
II than type I (data not shown).

A within-herd comparison showed significantly 
fewer animals had infectious contact with a PI animal 
in herd A than did herds B or C, and that the difference 
between animals with high SN titers in herd B was not 
significantly different than herd C (Figure 1).
BVDV Serology: Year 2

The BVDV seroprevalence of the cattle in year two 
was 5.91% (58/981) to type I BVDV and 18.04% (177/

981) to type II BVDV. Comparison of GMT between the 
herds showed herds A and B had similar type I BVDV 
GMT, while herd C had a higher GMT. For type II BVDV, 
herd A had a lower titer than B, which had a lower titer 
than herd C (P<0.05). When compared to the GMT from 
year one, the seroprevalence of the three herds in year 
two was statistically lower.

Discussion
BVDV eradication programs have been imple­

mented in several European countries.2’6’13 However, the 
focus of these programs has been European dairy herds. 
The successful application of the same BVDV control 
measures to extensively managed beef herds in the west­
ern US is uncertain. In endemically infected beef herds, 
the constant presence of PI animals results in high herd 
immunity where many cows have been exposed to BVDV 
and have potentially developed sufficient immunity to 
prevent fetal infection.7 When only a few susceptible 
animals are left in a herd, the probability of the birth of 
PI calves decreases. Consequently, the probability of 
infectious contact with a PI animal decreases. Ironi­
cally, as the proportion of immune cows in the herd in­
creases, the proportion of susceptible replacem ent 
heifers born to them and retained in the herd also in­
creases. In subsequent years, the proportion of suscep­
tible female cattle increases as does the probability of 
in utero infection leading to the birth of a PI calf in­
creases. The presence of susceptible females that can 
give birth to PI calves allows BVDV infection to con­
tinue in a herd.

The two PI calves identified in herd A in year one 
were removed before six weeks of age, therefore, the 
chance of a susceptible cow having infectious contact 
with PI animals during pregnancy was eliminated. 
Reduced BVDV transmission in herd A is supported by 
the lower percentage of calves with high SN titers at 
weaning compared to calves in herd B in year one. In

■ Year 1 (BVDV-I)
■ Year 2 (BVDV-I) 

Year 1 (BVDV-II)
□ Year 2 (BVDV-I I)

Herd A Herd B Herd C

Figure 1. Percentage of calves from three cow/calf 
herds (A, B and C) with high SN titers (>512): year 1 
and 2. Numbers indicate GMT.
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the first year, two PI calves were identified in herd B, 
one at branding and the other at weaning. If the PI 
calves had remained in herd A through weaning, as was 
the case with herd B, a higher percentage of calves with 
SN titers >1:512 to BVDV would be expected as a result 
of continued transmission within the cohort.4,8 PI calves 
were not identified in herd C; however, the percentage 
of calves with high SN titers was similar to herd B, sug­
gesting the presence of a PI calf or transient BVDV 
transmission by acutely infected animals.

Sixty-two cow/calf pairs from herd C were sold be­
tween branding and weaning. Maternal antibodies may 
have prevented the identification of a PI calf in this herd 
when it was sampled at branding. Alternatively, BVDV 
transmission has been reported in herds where no PI 
animals were detected.17 Acutely infected cattle may 
have spread BVDV to herd mates in herd C, leading to 
a high proportion of animals with elevated SN titers.

Three of the PI animals identified were infected 
with a type II BVDV strain (herd B and replacement 
heifers). Both of these herds had higher type II anti­
body titers than type I, indicating a higher rate of infec­
tion with type II BVDV. The percentage of animals with 
high titers (>1:512) to type I was most likely due to cross­
reaction of type II antibodies with the type I virus used 
in the SN assay.9,14 Of all calves with high SN titers, 
92.45% had titers to type II BVDV greater than or equal 
to the type I titer (data not shown). Two type I PI calves 
were identified in herd A; however, significantly more 
calves had high antibody titers to type II (18.52%) than 
to type I (3.52%) (P<0.05). There may have been some 
cross-reaction of type I antibodies with type II virus, 
but herd A was also pastured next to herd C on at least 
one occasion between branding and weaning. If herd C 
had contained a type II PI calf or acutely infected ani­
mals the virus may have spread to calves in herd A, 
resulting in high type II SN titers.

No PI calves were identified in year two and the 
seroprevalence rates (5.91% type I, 18.04% type II 
BVDV) were significantly lower than in year one. The 
significant decrease in the number of animals with high 
SN titers supports the hypothesis that removal of PI 
animals can reduce the spread of BVDV.

Conclusions
Seroprevalence and PI animal prevalence data 

from an endemically infected beef herd provides evidence 
that removal of PI animals from a beef herd prior to 
breeding is effective at reducing the transmission of 
BVDV and eliminating PI animals from a beef herd. The 
impact of BVDV infection and eradication efforts on 
production values has not been investigated. It is hy­
pothesized tha t removal of PI animals will positively 
affect herd health in the long term. In this study, herd

health and animal performance at the time of testing 
did not appear to be affected by the presence of PI ani­
mals. This may have been further complicated by the 
application of drought management strategies at the 
same time. The economical benefits of this control strat­
egy to producers will require cost-benefit analysis of herd 
production data and diagnostic testing.
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Abstract

Effects of Neonatal Calf Oral Rehydration Therapy Solutions on Milk Clotting Time
Nappert G., Spennick H.
Cattle Practice ll(4):285-288, 2003

The effect of 50 commercially formulated neonatal 
calf oral rehydration therapy solutions on clotting time 
of milk in vitro has been investigated. Rennet was used 
as the clotting agent. Electrolyte solutions that contained 
large amounts of bicarbonate, and/or citrate (>40 mEq/ 
L), and/or glucose had negative effects on milk clotting 
time. Isotonic oral electrolyte solutions that contained 
mainly acetate and propionate did not interfere with

milk clotting time if low amounts of citrate (10 mEq/L) 
were included. As our knowledge of the nutritional re­
quirements of the calf’s digestive tract has become more 
precise, the feeding of diarrhoeic calves with whole cows 
milk in combination with these respective metabolisable- 
base oral electrolyte solutions to correct or prevent de­
h y d ra tio n  and m etaboilic  acidosis has been 
recommended world-wide.
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Type II Respiratory Challenge Results1
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All study cattle challenged 

w ith IAF-103 Type II BVD strain, 
an extremely virulent field isolate.

BVD Fetal Challenge Results1
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All study cows were 
challenged approximately 
120 days after vaccination.

95% of PYRAMID 5 vaccinated 
calves showed no clinical Type II BVD 

signs following virulent challenge.

Up to 100% fetal protection against 
Type I and Type II BVD challenges.

1. Data on file.
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