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Abstract

This study was conducted to determine the effect
ofremoving cattle persistently infected (PI) with bovine
viral diarrhea wd (BVDV) on seroi)revalence and
Rrevalence of PI calves in an endemically infected beef

d. The prevalence of PI animals and the serum neu-
tralizing (SN) titers of heifers, bulls and calves were
determined forthree COW- calfhe ds 1n abeefcattle ranch
over a eno of two ears th f|rst ear, 1dentified
Pl animals were removed mtheh d within three
weeks ofdentification. FlvePIa nima Isof2921 (0, 171%
cattle tested were |dent|f|ed In the first year.  Ong P
animal was g yearl |n% eifer and the remaining four
were calves, Three ofthe four Pl calves identified were
removed prior to the hreeding season, when the calves
avera?ed two months of age,” One Pl animal was not
dentified until weaning_.af'six months of age, and was
present In the herd dufing the breedlng season. The
[Ztercentage ofanimals with'high SN titers (>1: 512) Were
0.6% (367/1784) to type | BVDV and 44.8% (799/1784)
to type || BVDV." In year two, PI calves were not identi-
fle and the Percentage of calves with hi gh SN titers to

t&{) and type 11 decreased to 5.91% t58/981)
and 18.04% (177/981), respectively. Removal ofP| ani
mals in the flrst year reduced traismission of BVDV as
evidenced by a 5|9n|f|cant decrease in the Prevalence of
hi ﬂh BVDVSN titers and the absence of Pl animals the
foflowing year, These findings support the use of P
animal 1dentification and removal as an effective BVDV
control strategy In beefherds,

JUNE, 2004

- Removal of Bovine Viral Diarrhea Virus
ersistently Infected |
tates Beef Herd: Effect on Pl Animal Prevalence

gPI) Animals from a

Salman, BVMS, MPVM, PhD?

Resume

Cette etude a ete menee afin de determiner ['effet
de retirer Ie betall mfecte de fa%on per3|stante avec Ie
virus de la diarrhee vnae ovine ( sur la
%emﬁrevalence et la prevalence de veaux |n ectes de
agon persistante dans un troupeay de boucherie mfecte
endemiquement. La prevalence dlindividus infectes de
fagon [oer5|stante et les t|tres d'anticorps neutralisants
dans [e serum de taures, de taureaux et de veaux ont
efe examines dans trois troupeaux vaches-veaux dun
eIevaEe de bovms de boucherie sur une_periode de geux
ans. Lors de [a premiere annee, les animaux identifies
comme etant In ectes de fagon persistante ont ete retires
du. troupeau dans les tr0|s semaines suivant leur iden-
tification. Dans cette premiere annee, ona identifie cmq
animaux infectes de fagon persistante parmi les 2921
animaux testes (0.171% /% LUn de ces animaux efait une
taure de I'annee alors due les quatre autres etaient des
Veaux. Trols de ces 8ua re 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 & Six mois et a dong ete present dans le
troupeau”pendant la saison de reproduction. Le
pourcentage d'animaux avec des titres neutrahsants
eIeves >-1 :517) etait de 20.6% 367/1784} our le vi-
s de a DVB det [pe | et de 44.8% (799/1784) pour le
virusdelaD Bde Lors de adeuxwme annee,
aucuns veaux infec es e fagon persistante n'ont ete
identifies et le pourcentage anlmaux avec des titres
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neutrallsanés eleves est passe a 5.91% 58/981I) pour le
virus DVB etyEe | etq 18.04% (177/98 ? pour e yirus
DVB de type 117 Le retrait des animaux Infectes de fagon
persistarite lors de la premiere annee a reduit Ia trans-
mission du virus DVB tel que demontre par la diminu-
tion significative de la prevalence de fitres neutralisants
eleves et Iabsenc? d’animaux infectes de fa?on
persistante lors de |a deuxieme annee. Ces resultats
supportent ['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 Bathogen ofcattle worldwide. The trans-
mission of BVDV vértically from dam to fetus ang
horizontally from animal to animal compounds the dif-
ficulty in contro_llm([; these Infections. In utero infection
ofthe fetus dur_m% he first trimester of gregnancy can
result in the birth of a persistently infected (PI) calf,
which is the primary transmitter of BVDV.1 Fefal in-
fections also resultin S|(T1n|f|ca_nt cal_flosse_s_durmgi BVDV
epidemics as a result of abortions, infertility, stillbirths
and neonatal calfmortaht%/.za

Multiple studies have documented the prevalence
of Pl animals and BVDV seroprevalence in dallrjy
herds. 31 Sorensen ef al3 showed that with one Pl
animal present in a naive dairy herd, transmission of
BVDV could proceed at  rate where 20% ofthe suscep-
tible animals become Infected per week. In vaccinated
and unvaccinated BVDV endemic dairy herds, the Pl
animal prevalence can ran%e from 1-2% with 60-90% of
seropogsitive animals in the herd. 22 In previous sur-
veys ofUS beefherds, PI anjmal prevalence ranged from
0.1-2%.10% The serogrevalence in herds where one Pl
animal was present ranged from 15-80%.6058

There are important differences between dairy

and beefherg man_a%em_ent practices that maX impact
BVDV spread and infection. Dairy cattle are orma_IIK
confined within close proximity to one another, whic
might result in more contacts between suscs})tlbl_e and
Pl Cattle, Ipossmly increasing the rate of BVDV infec-
tion. Dairy cattle are also fred year round, allowing
Pl amm?ls to be infroduced to tfie herd continuously
Botentla ly Increasing exposure rates. Because most
eef cattle are bred Synchronously, there is a limited
time period when exposure to BVDV can resultin a Pl
fetus. In addition, beef cattle are generally (Ilrazed on
large pastures where contact with gther cattfe may be
reduced, thus slowing the spread of BVDV.24 The pur-
pose of this study was to determine the efficacy of P
animal remaval as a BVDV control method in United
States (US) beef herds.
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Materials 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 mortality” from abortjon$ and resP_lratory
disease for several years. Herd BVDV infection was
Rrevmr_sly di ﬂ{}osed on the hasis of eIevate? serum
eutralizing 3 titers in heifers and the isolation of
BVDV fromcalvés’tissues. . .
Cattle were managed in five groups consisting of
three cow/calfherds, one replacement heifer herd and
one bull herd. First-calfheiters (herd A) were bred from
June to July and calved from February to April the fol-
Iowmg year. Cows in herds B and C were bred from
June foAugust and calved from April o May the follow-
Ing Year. /8S W identified &t birth with
ear tags. The identification ofthe dam, the date ofbirth
and wel%ht of calves were recorded. Calves were
branded between April and June, and weaned In Sep-
tember. Atweaning, calves were weighed and calflosses
from branding to weaning were recorced. Heifers were
selected for réplacement at weanm? based on weaning
we|ght ang ?eneral thriftiness. Other weaned calves
werg sold between 8 and 10 months ofage.
. Cows were estrus-synchronized, bred by artificial
insemination and followed by breeding with"oulls. All
herds were grazed separately after breeding. Through-
out the year, the herds were rotated to ditferent pas-
flires every two to six da)(_s. Animals In herd A could
have contdct across fence Tines 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. R
. Calves were vaccinated at branding with an inac-
tivated vaccine composed of infectious hovine
rhinotracheitis virus (IBR), type | and Ype I BVDV
parainfluenza-3 (IPI3) and bovine respiratory syncytal
virus (BRSV). Calvesrecejved a second vaccination with
the same product at weaning, Each year cows and bulls
recelved an inactivated vactine at bireeding containing
IBR and type | and type I BVDV.

Sample Selection and Collection

In the first year, blood samples were collected from
all replacementherfers (n=919) and breeding bulls @:823.
Calves from three cow/calfherds were bled once at bran
|r}g (4-6 weeks ofage) and again at weaning (4-6 months
ofage). Atbranding, there were 561 calves in herd A, 623
in.ferd 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 calfnumbers were due to calf mortali-
ties and the sale of cow/calf pairs prior to weaning (55
cow/calfpairs from herd B and 62 pairs from herd C).

alves were uniquel
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In the second year, blood samples were collected
from_calves at brandmg from herd A (n=532), herd B
ﬁn:479) and herd C (n=585). At weaning, 522 calves in

erd 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 fr?m cattle g IH% lar of tail
ven] uncturemtoSmIBurp e-topped blood col-
lection (Vacutainer®) tubes, Plas fas separated and
stored at 39.2°F (4°C) until completion of'virus 1sola-
tion and was then stored at -4°F (-20°C)

Virological Examinatign ,
_ asma samples from replacement hejfers, breed-
ing bulls and calves at branding and weaning were as-
sayed for BVDV antigen by microtiter virus isolation
TVI) ELISA using previously described methods.2 A
sample was considered positive for BVDV if spegific
antigen staining was observed in the cytoplasm of BT
cellsexamined by I!ght microscopy. Bload samples from
?ams ofBVDV-po? Ive calves were collected and tested
or the presence ofvirus by MTVI.

Reverse-Transcriptase Polymerase Chain Reaction
RT-PCR

Ifa samgle Was positive bZ MTVI, the buff)Acoat Was
collected for reverse-transcriptase polymerase chain reac-
tion ﬁRT—PCR) as prewousl}/ descriped.d) A second hlood
sample taken three weeks atter the initial sample was also
assayed to confirm Fersw_tent_lnfecnon. Contaminating
red Blood cells were lysed in tris-NHACI buffer (0.85% wiv
NHACL in 0.1M Tris) at 39.2°F_F4°C) for 10 minutes, The
Tris-NHACL mixture'was centrituged at 1500 rom for 10
minutes, the supernatant was decanted and the cells were
washed with 500 ml of Hank’ halanced salt solution
(HBSS) and centrifuged a second time at 1500 rpm for 10
minutes to remove residual Tris-NH,CL. Total RNA was

Table 1.
and RT-PCR.3

Year 1 Total samples

Cow/calf Herd A hol

Herq B 023

Re IacementlF\leeir (s: 3%8

P Breeding buﬁ‘s 82
Year 2 Total samples

Cowl/calfHerd A 532

Her 585

Her 479

extracted from huffy coat cells aneasY Mini Kit, Qiagen,
Inc., Valencia, CA),"as well as from Easma and cell cul-
ture media, Dieth IJ))(ro arbonate (DEPC) water was used
as a negative caritrol while RNA extracted from Singer
Etyf)e la), NY-1 (type Ibg, and 125¢ \Stgge |1) infected Cell

(ltures 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 aplnrommater_BO minutes,
Further genatyping of the tg/&)e BVDV strains into type
|a and type Ib'was performed as previously described:

Serum Neutralization Assay ,

Plasma from calves collected at weaning as well
as samlples collegt?d from bulls and replacenjent heif-
ers were assayed for antibody titers to BVDV types
and |1 using standard serum neutralization (SN) meth-
0ds.5 Antibody titers were determined for all animals
sampled In Kear one. Inyear 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.2 Fisher’s exact ope-sided test was used, adjust-
Ing.for multiple comparisons, to determine if the prob-
?blht ofdotbser\ﬂn a[r)1 \?nlmthV\chdaRl h(S)l)\I tlterdfOé

e Fand type In each herd (A, B, C) exceede
t%g probabﬁPty In each other herd. T(he_SN titer data
were then transformed and analyzed using a general-
ized linear model to compare geometric means, ad gust-
mg for multiple comBansons, etween the three hérds.
Astatistical level of 0.05 was considered significant.

Results

In the first year, blood samPIes from 401 calves in
herd Awere available shortly after birth. Two animals

BVDVPI screening ofreplacement heifers, bulls and calves in three cow/calfherds (A, B and C) by MTVI

Pis Pl prevalence Genotype
2 6% Type Ip
7 ki T{&e I
A B
0 000% M

Pis PI prevalence Genotype
0 0.00% nfa
0 0.00% nfa
0 0.00% nfa

Replacement heifers and breeding bulls were not tested in year two because they were tested in year 1
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were identified a spersrstentlyrnfe rhancF rP
I BVDVb¥M TVI-ELISA and RT An add aI
164 calves herdAwere sgreene d brandrnd(
weeks of age) and were negative fo VDV (Tab
Two PI calves were found in herd B

. one at randrng
and the second detected at weaning. Both were infecte
with ncp type Il B The viremic calf identified at
weaning was tested revrously at branding, but dave a
gﬁ?atrve result by MTVI, presumably due fo maternal
this calf at bran ing were 1:128 to type | BVDV an
1:64 t0 t P | BVDV. Atweanrn the calfhad BVDV
antibody fiters <1:8 for typed and’type_JI, which s con-
sistent with a decline in'maternal antibodies and per-
sistent BVDV infection,

All'P1 animals were removed_from the herd within
three weeks of confirmation by RT-PCR. The dams of
suspected Pl calves were negative for BVDV. P calves
Were not detected in herd Cor in the bull herd (Table 13
The replacement heifers had been tested previously for
P1 status by skin biopsy (ear notch? immunohistochem-
IStr 13(/ but Were re- teste APl heifer was identified by

| and removed rom the replacement heifer herd
shortly after testing. The Pl animal prevalence for the
total dnimals on thé ranch was 0.171% (5/2921). Herd A
B and the replacement heifers had Pl anrmal nrevalences
0f0.36, 0.3 andOll% resgectrvel% (Table 1), The se
ond year, calves in herds A, B and Cwere tested at brand-
Ing and weaning and no P1 calves were identified.

BVDV Serology: Year 1
Serum neudtralrzrng titers t? type | and Il 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 Pl anrmal versus due to resjdual
maternal antibodies at th rsazg eseroprevalence
of calves with SN titers >1:51 totype rnaI hree cow
calfherds was 20.6% and 44.8% 10 %p |1q
ure 1). Comparison oft geometrrc eantrters

showed calves from all thrée cow/calfherds had sr nrfr
cantymore Individuals with high titers to t p

h 5y | BVDV §Fr ure 1& Rép a%ement eifers and
uI sohad more | drvrd als with higher titers to type

tan type | (data not shown).

A within-herd comparison showed significantly
fewer animals had infectious contact with a'P| animdl
In herd Athan did herds. B or C, and that the difference
between animals with hi gh SN'titers in herd B was not
significantly different than herd C (Figure 1)

BVDV SeroIan/. SYear2

The BVDV seroprevalence ofthe ca
was 5.91% (58/981) to type | BVDV an
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bod¥ rnterference4 Serum neutralrzatron titers of

B ha dsrmrlartyeIBVDV
gherGl\/IT Fortype [ BVDV,

titer than B, which hada lower titer
ﬁared to the GMT from
e three herds In year

o
o=
(&3]
=
D

=

D
o_
=

a
than herd C(P<0.
Year one, the seroF evalence oft
wo was statistically lower.

Discussion
BVDV eradication rograms have been imple-

mented in several European countries.Zo88 However, the
focus ofthese prorgrams has been European dair herds

o

The successful application of the same BVDV control
measures to extensively managed beetherds in the west-
ern US Is uncertain. I endemically rnfected beefherds
theconstant presence ofPT animals results in high herd
Immunity wh ereman cows have been exposed to BVDV
and hav potentrally deveIoRed sufficient immunity to
prevent fetal infection.7 When only a few susceptible
animals are left in a herd, the probability ofthe hirth of
Pl calves decreases. Consequently the probability of
rnfectrous contact with a P1 animal decreases, Ironi-
cally, as the proportion ofrmmune cows in the herd in-
creases, the proportion of susceptible replacement
heifers born t0 them and retarned In the herd also In-
creases. In subsequent years, th eprop ortion of suscep
tible female cattle' increases as does the probability of
In utero Infection Ieadrn? to the birth of a Pl calf in-
creases. The presence of susceptible females that can
Ive birth to PI calves allows BVDV infection to con-
Inue_in a herd,

The two P| calves identified in herd Ain year one
were removed before six weeks of age, therefore, the
chance of a_susceptible cow havrng rnfectrous contact
with Pl animals durrng pre?n gwas eliminated.
Reduced BVDV transmission In herd Ais supparted b
the lower percentage of calves with high SN titers dt
weaning compared 1o calves in herd B in year one. In

60 4
50 4
m Year 1 (BVDV-l)
40 + ® Year 2 (BVDV-))
20 | Year 1 (BVDV-II)
0 iof O Year 2 (BVDV-l|)
-
10 J s6 23] [
0

Herd A Herd B Herd C

r re1 Percentage of calves from three cow/calf
e A, and C) with high SN titers (>512): year 1
and umbersrndrcateG T,
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the first year, two P| calves were identified in herd B
one at branding and. the other at weaning.. If the PI
calves had remained in herd Athrough wea |n?, as Was
the case with herd B, a higher ;fgrcentage of calves with
SN titers >1:512 to BVDVwould be expected as a result
ofcontinued transmission within the cohort.43 P1 calves
were not identified in herd C; however, the percentage
ofcalves with high SN titers was similar to herd B, sug-
?estln the presence of a PI calf or transient BVD
ransmiission by acutely infected animals,

Sixty-two cowjcalt pairs from herd C were sold be-
tween brdnding ana weaning. Maternal antibodies may
have prevented the identification ofa Pl calfin this herd
when it was samgled at branding.. Alternatively, BVDV
transmission has been reported in herds where no Pl
animals were detected.7” Acutely infected cattle may
have spread BVDV to herd mates in herd C, leading to
ahigh Rroportlon of animals with elevated SN titers.

.. Three ofthe Pl animals identified were infected
with a type I BVDV strain (herd B and replacement
he|fers,2. Both of these_herds had higher type Il anti-
hody titers than tg/pe |, indicating a higher rate of infec-
tiorfwith type 1| BVDV. The percenta%;,e ofanimals with
h|gh titers’(>1:512) to t%pe | was most Tikely due to cross-
reaction oftype 11 antibodjes with the type I virus used
In the SN assay.9% Ot all calves with hl(‘}h SN titers
92.45% had titers to type |1 BVDV greater than or e(iual
tothet J)e_l fiter (dafa not%hown). Two type | Pl calves
were identified in herd A however, suinl icantly more
calveshadh|9hant|bod titers o type 11 (18.52%) than
to type | (3,52%) §P<0.0 ). There may have been some
cross-reaction of type | antibodies with type Il virus
but herd Awas also pastured next to herd C on at least
one occasion hetween hranding and weamn_%. |fherd C
had contained a type Il PI calf or acutely infected ani-
mals the virus may have spread to calves in herd A
resulting in hIPh type 11 SN'titers. .

No™P| calves'were identified in year two and the
seroprevalence rates i5.91% type 1. 18.04% type Il

VDV) were significantly lower than in year oné. The
significant decrease in the number of animals with h|%h
SN titers supports the hypothesis that removal of Pl
animals can reduce the spread of BVDV.

Conclusions

~——

Seroprevalence and P| animal prevalence data
from an endemically infected beefherd pravides 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 beefherd. The
impact of BVDV inféction and eradication efforts on
production values has not been investigated. It is hY-
pothesized that removal of P1 animals will positively
affect herd health in the long term. In this study, herd
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health and animal performance at the time of testing
did not aﬁ)_pear to be affected bly the gresence of P ani-
mals, This mag have been further complicated by the
application of drought management strategies at the
same time, The ecoriomical benefits ofthis control strat-
e% to producers will require cost-benefit analysis ofherd
production data and diagnostic testing.
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Effects ofNeonatal Calf Oral Rehydration Therapy Solutions on Milk Clotting Time

Na loert G. _Sgennick H.
Cattle Practice 11(4):285-288, 2003

The effect 0f50 commercially formulated neonatal
calforal rehP/dratlon therapy soldtions on clottmg time
ofmilk 1n vitro has been investigated. Rennet was ysed
as the clottm(t; agent. Electrolyte Solutions that contained
|arge amounts 0f bicarbonaté, and/or citrate (>40 mEq/
), and/or glucose he1d neglauve effects on milk clottmg
time. Isotonic oral electrolyte solutions that containg
mainly acetate and propionate did not interfere with

160

milk clotting time if low amounts of citrate (10 mEq/L)
were included. As our knowledge of the nutritional re-
quirements ofthe calf’s digestive tract has become more
precise, the feeding ofdjarrhoeic calves with whole cows
milk in combination with these respective metabolisable-
base oral electrolyte solutions to correct.or prevent de-

ydration and” metaboilic acidosis has heen
récommended world-wide.
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wss+ YP€E | & 1 BVD Protection

Two specifically selected strains
offering broad protection and-
increased immune response.

Proven Safety

Licensed by the USDA

for Sub-Q administration
and proven safe when used
according to labeldirections.

Stimulating Results
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Type Il Respiratory Challenge Resultsl

Protection from Disease
(sum ofall clinical parameters)

~i—t i isot i i ijig

Type i 0
BD 95%
All study cattle challenged
Controls with IAF-103 Type Il BVD strain,

an extremely virulent field isolate.

95% ofPYRAMID 5 vaccinated
calves showed no clinical Type Il BVD
signs following virulent challenge.
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Bovine Rhinotracheitis—Vii
Diarrhea-Parainfluenza-:
Respiratory Syncytial
Virus Vaccine
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BVD Fetal Challenge Resultsl
% fetuses protected . .
rony pejgsisgenty tio rr

| 976 $/0
100%

All study cows were

challenged approximately

120 days after vaccination.
]
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Type 11
BVD

1 r

Controls

Up to 100% fetal protection against
Type | and Type Il BVD challenges.

1 Data on file.
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