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Abstract 

In the presence of maternal antibodies, 26 calves 
three days of age were either vaccinated (n=15) with a 
single dose of a non-adjuvanted, pentavalent, modified­
live vaccine containing bovine herpesvirus-1, bovine 
respiratory syncytial virus, bovine viral diarrhea virus 
la (BVDVla), bovine viral diarrhea virus 2a (BVDV2a), 
and bovine parainfluenza-3, or sham vaccinated with 
sterile saline (n=ll ). At approximately seven months 
post-vaccination, when vaccinates and non-vaccinates 
were seronegative to BVDVla and BVDV2a antibodies, 
all calves were intranasally challenged with a virulent 
BVDV2a (strain 1373). Clinical signs of BVDV infection 
were monitored beginning three days prior to challenge 
and concluded on day 21 after challenge. Calves vacci­
nated in the face of maternal antibodies (IFOMA) were less 
impacted by the challenge. Based on clinical parameters, 
vaccinates had reduced clinical scores, rectal temperature, 
weight loss, and mortality compared to sham-vaccinated 
animals. Vaccinated animals had higher levels of circu­
lating white blood cells and fewer animals were viremic 
than sham-vaccinated animals. This study demonstrated 
that a calf as young as three days of age when vaccinated 
IFOMAcan be protected against a virulent BVDV2a chal­
lenge with a non-adjuvanted, pentavalent vaccine. 

Keywords: bovine, bovine viral diarrhea virus, vaccine, 
vaccination, maternal interference 

Resume 

Un total de 26 veaux ages de trois jours ont ete 
vaccines en presence d'anticorps maternels soit avec 
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une simple dose d'un vaccin pentavalent a virus vivants 
modifies sans adjuvant (n = 15) contenant l'herpesvirus 
bovin de type 1, le virus respiratoire syncytial bovin, le 
virus de la diarrhee virale bovine de type la (BVDVla), 
le virus de la diarrhee virale bovine de type 2a (BVDV2a) 
et le virus parainfluenza bovin de type 3, ou soit avec une 
solution de saline sterile (n = 11). Sept mois approxima­
tivement suivant la vaccination, lorsque les individus 
vaccines et non-vaccines ne presentaient plus d'anticorps 
detectables contre le BVDVla et le BVDV2a, tous les 
veaux ont ete infectes experimentalement par voie in­
tranasale avec une souche virulente de BVDV2a (souche 
1373). Les signes cliniques de !'infection au BVDV ont ete 
surveilles sur une periode s'etalant de trois jours avant 
!'infection experimentalejusqu'a 21jours plus tard. Les 
veaux vaccines en presence d'anticorps maternels ont 
ete moins influences par !'infection experimentale. Les 
scores cliniques, la temperature rectale, la perte de poids 
et la mortalite etaient moins eleves chez les individus 
vaccines que chez les individus du groupe temoin. Les 
animaux vaccines avaient une concentration plus elevee 
de leucocytes circulants et moins de viremie que les ani­
maux du groupe temoin. Cette etude demontrait que des 
veaux d'a peine 3 jours peuvent etre proteges contre une 
souche virulente de BVDV2a avec un vaccin pentavalent 
sans adjuvant en presence d'anticorps maternels. 

Introduction 

Bovine viral diarrhea virus (BVDV) infections 
result in severe losses to the cattle industry.8 Vaccina­
tion can be an effective tool for control of BVDV.1° For 
parenteral vaccine administration, vaccination in the 
presence of maternal antibodies has been reported to 
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reduce efficacy of the vaccine. 6 The ideal timing for 
vaccination of a calf can be difficult to determine due 
to a number of variables, such as age of the calf at the 
time of colostral feeding, total immunoglobulin ingested, 
method of intake (suckling vs esophageal feeder), breed, 
environmental temperature, calf vigor, and the cow's 
mothering ability.9 Furthermore, timing of vaccination 
can be a double-edged sword; some calves will have 
become seronegative prior to vaccination, and thus are 
at risk for disease, and some calves will have lingering 
maternal antibodies, which may mitigate the response 
to vaccination, and thus limit vaccine efficacy. 3 

The objective of this study was to determine if a 
three-day old calf vaccinated in the face of maternal an­
tibodies (IFOMA) with a single dose of a non-adjuvanted, 
pentavalent, modified-live virus vaccine containing bo­
vine herpesvirus-1 (BHV-1), BVDVla, BVDV2a, bovine 
parainfluenza-3 (PI-3), and bovine respiratory syncytial 
virus (BRSV), would be protected against an intrana­
sally administered challenge with a virulent BVDV2a 
(strain 1373) after becoming seronegative to BVDVla 
and BVDV2a antibodies at seven months of age. 

Materials and Methods 

Animals -Twenty-six newborn, non-suckled Hol­
stein bull calves were acquired for the study and ran­
domly assigned to one of two groups (15 vaccinates, 11 
controls) at enrollment using Microsoft Excel®. Random­
ization was completed prior to calf acquisition, indicating 
which treatment group the calves were to be assigned 
based on order of enrollment (i.e., birth order). On ar­
rival to the rearing facility, each calf was weighed, had 
an ear notch biopsy taken to test for persistent infection 
(PI) with BVDV using immunohistochemistrym (IHC), 
had serum protein measured with a refractometer, and 
was fed 2.3 L of colostrum containing a known quantity 
of BVDV antibody (110g of total immunoglobulin G, 
BVDVla titer of 1:3200 and a BVDV2a titer of 1:1600). 
Calves were housed individually within calf hutches 
until weaning at approximately nine weeks of age. At 
the time of commingling, all calves were weighed, de­
horned, and placed in a single lot with access to shelter 
in a barn. Calves were fed an age-appropriate grain 
and hay ration ad libitum throughout the study period. 
All protocols were reviewed and approved by the Rural 
Technologies, Inc. (RTI) Institutional Animal Care and 
Use Committee (IACUC). 

Vaccination - Calves in all treatment groups were 
vaccinated at three days of age according to random­
ization. Calves in Treatment Group 1 were vaccinated 
subcutaneously according to the manufacturer's recom­
mendation with a single 2-mL dose of a commercially 
available, pentavalent, modified-live virus (MLV) vac-
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cine8 containing BHV-1, BVDVla, BVDV2a, PI-3, and 
BRSV. Calves in Treatment Group 2 served as controls 
and were sham vaccinated subcutaneously with a single 
2-mL dose of sterile saline.b Animals were checked once 
daily for post-vaccination adverse events for seven days. 

Pre-vaccination serology assays - Blood was col­
lected via jugular venipuncture from calves at birth and 
on day 3 of age just prior to vaccination. Serum samples 
were tested for BVDVla (Singerc) and BVDV2a (A125c) 
serum neutralizing (SN) antibody titers by use of the 
constant virus-decreasing serum assay. 1 Twofold serial 
dilutions (range 1:2 to 1:256) of sera in duplicate were 
incubated with a constant viral titer ( < 500 TCID50) be­
fore inoculation ofBVDV-free bovine turbinate cells<l in 
microtiter tissue culture plates.e Plates were incubated 
at 98.6°F (37°C) with 5% CO

2 
for five days before being 

evaluated for virus-induced cytopathic effect (CPE) for 
BVDVla and BVDV2a. The reciprocal of the last dilution 
that prevented CPE formation or virus-specific staining 
was designated the serum neutralizing antibody titer. 
Geometric mean values were calculated by use of log

2 

titers. 

Serologic assays after vaccination - Blood was 
collected from all calves for BVDVla and BVDV2a SN 
testing at 14, 28, 42, and 56 days post-vaccination, and 
at approximately 70, 91, 120, 163, and 192 days of age 
until all calves were serologically negative (<1 :2) to 
BVDVla and BVDV2a. 

Challenge -Twenty-six seronegative calves ( 15 vac­
cinates, 11 controls) were challenged intranasally with 
BVDV2a (strain 1373)2 using an atomizer approximately 
210 days after vaccination (age range 203 - 216 days) . 
The challenge inoculum contained 2.3 X 105 virus/mL, 
and 2 mL were atomized into each naris (total volume , 
4 mL/calD. 

Post-challenge observations - Daily clinical obser­
vations were performed by the same person each day 
beginning three days prior to challenge and continuing 
through day 21 after challenge. The person perform­
ing the clinical observations was blinded to treatment 
group assignment. Each calf was visually examined and 
scored in the pen prior to handling for signs of abnormal 
respiration, nasal and ocular discharge, diarrhea, and 
depression using a scale of Oto 5, with the absence of a 
clinical sign scored as 0 and the most severe clinical sign 
scored as 5. Briefly, an abnormal respiration score was 
given if an animal was coughing, had labored breathing, 
or both; nasal and ocular discharge scores ranged from 
no discharge , moderate to severe serous discharge, mild 
to moderate to severe mucopurulent discharge; diarrhea 
scores ranged from no diarrhea, moderate to severe 
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runny feces, watery/explosive feces, to bloody feces; and 
depression scores ranged from no depression, mild to 
moderate to severe depression, to moribund. After the 
visual assessment, calves were restrained for determina­
tion of body temperatureg and examined for oral cavity 
ulcers. Calves that died or were euthanatized during 
the observation period were given an additional score 
of 4. On the day of death, each calf was weighed, then 
a necropsy was performed to determine cause of death. 

Body weights - Calves were weighed three times 
during the observation period on day -1 (prior to chal­
lenge), day 14, and day 21 following challenge using a 
portable livestock scaleh that was validated before and 
after each weighing period using certified check weights. 
In addition, calves that died during the observation 
period were weighed prior to necropsy. 

Virus isolation - Blood was collected via jugular 
venipuncture from all calves during the observation 
period at one day prior to challenge (day-1) and on days 
2, 4, 6-10, 12, and 14 after challenge for virus isolation. 
White blood cells were isolated according to a previ­
ously described technique. 4 The isolated WBCs were re­
suspended in 2 mL of mediai supplemented with equine 
serumj and tested for BVDV using a modification of an 
isolation assay previously described. 13 Briefly, one 10-
fold dilution of each sample was made and each diluted 
sample was added in quadruplicate to BVDV-free bovine 
turbinate cell monolayers in microtiter tissue culture 
plates. Culture plates were incubated for five days at 
98.6°F with 5% CO 9 • Following incubation, plates were 
freeze-thawed three times and samples were passaged 
onto new cell monolayers and incubated for an additional 
five days. This process was repeated for a total of three 
passages before completing an immunoperoxidase assay 
for the detection of BVDV. i:3 Samples were considered 
positive for BVDV if virus-specific staining was observed 
in inoculated cells. 

Post-challenge hematology and serology analyses -
Blood was collected via jugular venipuncture from all 
calves 25 times during the study period from three 
days prior to challenge through 21 days after challenge. 
Samples were subjected to hematologic analysis by use of 
a cytometer. k White blood cell and platelet counts were 
determined for each animal. Additional blood samples 
for serologic tests were collected on the day prior to chal­
lenge (-1) and 7, 14, and 21 days after challenge. Serum 
neutralizing antibody titers against BVDVla (Singer) 
and BVDV2a (A125) were determined. 

Statistical analysis - The experimental unit was 
the individual animal. Statistical significance was 
established at or equal to the 5% level (PS: 0.05). Dis-
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crete or ordinal repeated measures data were modeled 
initially with Genmod procedures in SAS1 (Version 9.2) 
to assess treatment x time interactions using animal 
as the repeated subject. A multinomial distribution 
was used for clinical scores (scores Oto 9), whereas a 
binomial distribution was used for virus isolation score 
(score 0 or 1). If the Genmod model was not solved, the 
sum score across time was calculated, ranked using the 
Rank procedure, and ranked data were subjected to the 
Kruskal-Wallis test in the Nparlway procedure. These 
data were also summarized graphically by day for illus­
trative purposes. Mortality data were analyzed using 
a binomial distribution in Genmod. 

Remaining continuous data (rectal temperature, 
platelet counts, white blood cell counts, body weight, 
and average daily gain (ADG), log

2
-transformed serum 

neutralization titers) were analyzed using Mixed pro­
cedures. For repeated measures, the model included 
the fixed effects of treatment and day and the random 
effect of animal. Measures taken before treatments were 
applied were utilized as covariates and remained in the 
model when significant (P < 0.10). If continuous data 
did not meet the requirements for analysis of variance, 
data were ranked and analyzed with a Kruskal-Wallis 
test as described. 

Results 

Clinical Scores, Mortality, and Body Weight 
No adverse vaccine reactions were noted in any of 

the study calves. Additionally, no study calves were PI 
with BVDV as assessed by IHC. Vaccinates had statis­
tically lower (P < 0.05) mean rectal temperatures than 
controls on 7, 10 - 12, and 14 - 17 days after challenge 
(Figure 1). The composite clinical scores were measured 
in all calves from three days prior to challenge through 
21 days after challenge (Figure 2). The ranks of subjec­
tive clinical scores were statistically lower (P = 0.01) in 
vaccinated animals than for non-vaccinated animals 
(Table 1). The onset of clinical signs after challenge 
was similar between both groups (day 7 after challenge); 
however, the impact of the challenge on clinical scores 
was different between the two groups after the onset of 
clinical disease. Specifically, the mean clinical scar.es 
for vaccinated animals peaked on day 11 after chal­
lenge (mean clinical score on day 11 = 3.3, range 1- 6). 
In contrast to the vaccinated animals, the mean clinical 
scores for the non-vaccinated animals continued to in­
crease after day 11, and peaked on day 13 after challenge 
(mean clinical score on day 13 = 5.8, range 4 - 9; Figure 
2). For vaccinated animals, the mean peak clinical score 
was followed by a steady decline in mean clinical scores, 
which ultimately culminated in the absence of clinical 
signs at 21 days after challenge (Figure 2). After reach­
ing mean peak clinical score, non-vaccinated animals 
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maintained elevated mean clinical scores until 18 days 
after challenge (Figure 2). 

Total mortality was significantly lower for vacci­
nated animals (P = 0.02; Table 1). Three of 15 vaccinated 

101.5 

Rectal temperature 

* 

1 2 3 4 5 6 7 8 9 10 1112 13 14 1516 1718 19 20 21 

Study day 

-+-Vaccinates 

--controls 

Figure 1. Mean rectal temperature observations in two 
groups of calves after challenge with virulent BVDV2a. 
Controls (closed circles; n=ll) consisted of calves that 
were seropositive for anti-BVDV antibodies and that 
were sham vaccinated. Vaccinates (closed diamonds; 
n=15) consisted of calves that were seropositive for 
anti-BVDV antibodies and were vaccinated with vac­
cine. The asterisks indicate significant differences. 
Vaccinates had statistically lower (P < 0.05) mean rectal 
temperatures than controls on 7, 10 - 12, and 14 - 17 
days after challenge. 
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Figure 2. Mean clinical observations in two groups 
of calves after challenge with virulent BVDV2a. Con­
trols (closed circles; n=ll) consisted of calves that were 
seropositive for anti-BVDV antibodies and that were 
sham vaccinated. Vaccinates (closed diamonds; n=15) 
consisted of calves that were seropositive for anti-BVDV 
antibodies and were vaccinated with vaccine. The com­
posite clinical scores were measured in all calves from 
three days prior to challenge through 21 days. The ranks 
of subjective clinical scores were statistically lower (P = 
0.01) in vaccinates than for controls. 
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animals died or were euthanized after challenge, which 
represented a total mortality rate of20% (3/15). Seven of 
the 11 non-vaccinated animals died or were euthanized, 
which represented a total mortality rate of63.6 % (7/11). 
All calves that died were necropsied at a veterinary 
diagnostic laboratoryn by a trained pathologist. Based 
on histopathology, gross pathology, virus isolation, and 
clinical pathology (complete blood count), all mortality 
was consistent with BVDV as the primary pathogen, 
regardless of euthanasia or pen death. 

Vaccinated animals had a significantly higher 
final body weight than non-vaccinated animals (P = 
0.05; Table 1). The average body weight of vaccinated 
animals at the time of challenge was 510 lb (231 kg), 
while non-vaccinated animals weighed 493 lb (223 kg; 
P = 0.41). ADG was significantly higher for vaccinated 
animals compared to non-vaccinated animals (P = 0.004). 
Vaccinated animals gained 1 lb (0.5 kg (ADG = 0.07 lb or 
0.032 kg/day)) over the challenge period; whereas, non­
vaccinated animals lost 28 lb (12.7 kg (ADG = -1.34 lb 
or -0.608 kg/day)) over the same period (Table 1). 

Hematology 
White blood cell and platelet counts were obtained 

daily, beginning at three days prior to challenge and 
concluding on day 21 after challenge (Figure 3). Over­
all, vaccinated animals had a higher white blood cell (P 

= 0.02) count than non-vaccinated animals during the 
challenge period. In addition to an overall treatment 
effect, significant differences were found between treat­
ment groups within a day throughout the study period. 
Specifically, compared to non-vaccinated animals, vac­
cinated animals had significantly higher (P < 0.05) white 
blood cell counts on days 8-18 after challenge (Figure 3). 

Although non-vaccinated animals had numeri­
cally higher platelet counts than vaccinated animals, 
they were not significantly different (P = 0.58; Table 1 ). 
Platelet counts for vaccinated animals remained stable 
during the challenge period; however, non-vaccinated 
animals tended to have a total numerical decrease in 
platelets on days 9 - 13 after challenge. Regardless of 
treatment group, all calves had increased platelet pro­
duction beginning on day 14 after challenge. 

Virus Isolation 
The ranks of virus isolation were statistically lower 

(P = 0.01) in vaccinated animals than in non-vaccinated 
animals (Table 1). The first positive virus isolation for 
both treatment groups occurred on day 4 after challenge. 
The percentage of viremic vaccinated animals (80%) 
peaked on day 6, and the subsequent viremia began 
to steadily decline on day 7 after challenge (Table 2). 
Three of 15 (20%) vaccinated animals were negative 
for virus isolation at all sampling points after challenge 
(i.e. they were not positive at any point during the sam-
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Table 1. Effects of vaccination before a viral challenge on body weight, health, and mortality. 

Item Vaccinated Non-Vaccinated SE P-value 

Animals enrolled 15 11 

Initial wt, lb 510 493 15 0.41 
Final wt, lba 511 465 17 0.05 
Average daily gain, lba,b 0.07 -1.34 0.33 0.004 

Clinical score rankc 10 18 0.01 
Virus isolation score rankc 10 18 0.01 
Platelet countd 363 385 24 0.58 
Time of vaccination titers 

BVDVl , log
2 

8.5 8.8 0.5 0.14 
BVDV2, log

2 
8.2 8.0 0.2 0.34 

Day 7 to 21 titers 
BVDVl , log/ 1.3 1.2 0.2 0.66 
BVDV2, log/ 4.9 5.2 0.2 0.16 

Mortality, % 20.0 63.6 0.02 

aDead weight was not determined, so weight recorded closest to the date of death was used as final weight for dead cattle. 
hData did not fit a normal distribution by the Shapiro-Wilk test and/or displayed unequal variances by Levene's and Bartlett's 
test, so data were ranked and subjected to a Kruskal-Wallis test . 
cThe full model did not converge , so the sums scores across time were ranked and subjected to a Kruskal-Wallis test. 
<lThe day 0 measurement remained in the model as a covariate (P < 0.0001), and covariate-adjusted means are presented. 
en-eatment x day (P ~ 0.15). 

WBC 
12 

10 

8 

:i 6 ::i2 
--Vaccinates 

-+- Controls 

2 

o. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Study day 

Figure 3. Mean white blood cell (WBC ) counts in two 
groups of calves after challenge (day 0) with virulent 
BVDV2a. Controls (closed circles; n=ll ) consisted of 
calves that were seropositive for anti-BVDV antibod­
ies and that were sham vaccinated. Vaccinates (closed 
diamonds; n=15 ) consisted of calves that were seroposi­
tive for anti-BVDV antibodies and were vaccinated with 
vaccine. The asterisks indicate significant differences. 
There was a significant (P < 0.05) decrease in leukocyte 
numbers in controls as compared to vaccinates from 
day 8-18. 
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pling period). The percentage ofviremic non-vaccinated 
animals (100%) peaked on day 7, and continued at that 
level for the next two sampling days (days 8 and 9 after 
challenge). Viremia in non-vaccinated animals began 
to steadily decline on day 10 after challenge. 

Serology 
At the time of vaccination (three days of age), 

vaccinated animals had a mean antibody titer against 
BVDVla of 8.5

10
g

2 
(range: 8 - 910g2) and a BVDV2a anti­

body titer of8.2
10

g
2
(range: 8-9

10
g

2
; Tables 1 and 3). When 

sham vaccinated with sterile saline, non-vaccinated 
animals had a mean antibody titer against BVDVla 
of 8.8

10
g2 (range: 8 - 9

10
g

2
) and a BVDV2a antibody titer 

of 8.010g2 (range: 7 - 910g2; Tables 1 and 3). At the time of 
challenge, all calves were seronegative ( <1:2) to both 
BVDVla and BVDV2a antibodies. The BVDV2a titers 
increased the most following a BVDV2a challenge, with 
both groups having similar titers beginning 14 days 
after challenge. The BVDVla titers were lower than 
the BVDV2a titers, and there was no difference in the 
BVDVla titers between the groups. Following challenge, 
the kinetics and magnitude of the humoral responses 
were similar between vaccinates and non-vaccinates for 
the mean antibody titers against BVDVla (P = 0.66) and 
BVDV2a (P = 0.16; Tables 1 and 3). 
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Table 2. The raw data and percentages of animals positive for BVDV virus following BVDV challenge. Controls 
(n=ll) consisted of calves that were seropositive for anti-BVDV antibodies and that were sham vaccinated. Vacci­
nates (n=15) consisted of calves that were seropositive for anti-BVDV antibodies and were vaccinated with vaccine. 
The ranks of virus isolation were statistically lower (P = 0.01) in vaccinated calves than the control calves. 

Group 
Day of study 

-1 2 4 6 7 8 9 10 12 14 19 21 

Raw data 0/15 0/15 5/15 12/15 10/15 7/15 6/15 5/15 2/15 1/14 0/12 0/12 
Vaccinates 

% 0 0 33 80 67 47 40 33 13 7 0 0 

Raw data 0/11 0/11 8/11 10/11 11/11 11/11 11/11 10/11 5/11 2/8 0/4 0/4 
Non-vaccinates 

% 0 0 73 91 100 100 100 91 45 25 0 0 

Table 3. The range and mean of serum neutralizing BVDV antibody titers (log
2

) following BVDV challenge. Controls 
(n=ll) consisted of calves that were seropositive for anti-BVDV antibodies and that were sham vaccinated. Vacci­
nates (n=15) consisted of calves that were seropositive for anti-BVDV antibodies and were vaccinated with vaccine. 
Following challenge, the kinetics and magnitude of the humoral responses were similar between vaccinates and 
controls for the mean antibody titers against BVDVla (P = 0.66) and BVDV2a (P = 0.16). 

Day of Study 

BVDVla 
Average 

Vaccinates 
Range 

Average 
0.. 

BVDV2a 
::, Range 
0 
1--, 

Average d 
BVDVla 

Non-vaccinates 
Range 

BVDV2a 
Average 

Range 

Discussion 

In the current study, we observed a significant de­
crease in clinical scores and mortality rates in animals 
vaccinated parenterally at three days of age IFOMA with 
a single dose of a non-adjuvanted, pentavalent, modified­
live virus vaccine containing BVDVla and BVDV2a, 
when challenged at seven months of age. Challenged 
animals that were vaccinated had lower clinical scores, 
decreased viremia, elevated white blood cell counts, no 
loss of weight, better ADG, and a lower mortality rate 
than their age-matched, sham-vaccinated animals. 

Clinically relevant studies have been completed 
to determine whether BVDV vaccination IFOMA can 
protect calves from disease. 2

•
5

•
11

·
12

•
15

•
16 In the four more 

recent and contemporary studies,5
•
12

·
15

•
16 all calves were 

vaccinated with a single dose of an adjuvanted 12
•
15

·
16 

or non-adjuvanted5 BVDV vaccine IFOMA and sub­
sequently challenged with a virulent BVDV2a (strain 
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At vaccination -1 7 14 21 

8.5 0 0 1.4 2.4 

8-9 0 0 0-4 1-4 

8.2 0 0 5.9 8.8 

8-9 0 0 3 - 7 8-9 

8.8 0 0 0.8 2.8 

8-9 0 0 0-3 2-3 

8 0 0 5.8 10 

7-9 0 0 4-8 9 - 11 

24515 5 or 1373 12
·
15

·
16

) . However, there were several 
important design differences between the current 
study and previous studies. In the current study: 1) 
at the time of vaccination , all calves were three days of 
age, which is younger than previously reported in the 
literature; 2) all calves were seronegative at the time of 
challenge to BVDVla and BVDV2a (i.e., < 1:2); and 3) 
all calves were challenged at approximately 210 days 
post-vaccination. One major difference in the outcome 
of the current study was the 20% mortality rate, which 
was higher than in three of the previous studies ( mor­
tality rate was 0%12

•
15

·16 ) , but was lower than the 67% 
mortality observed in the fourth study. 5 

Although vaccinated animals in the present study 
had lower mortality rates and less clinical disease than 
the non-vaccinated animals, an amnestic humoral 
response following challenge was not detected (Table 
3). The magnitude and kinetics of seroconversion to 
BVDV2a were nearly identical between vaccinated and 
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non-vaccinated animals. In a study by Platt et al, 12 re­
searchers administered a single dose of an adjuvanted 
commercial vaccine to three distinct age groups of 
cattle: 1) one-to-two weeks of age; 2) four-to-five weeks 
of age; and 3) seven-to-eight weeks of age. Vaccinates 
and age-matched controls were challenged at 84 days 
post-vaccination. Interestingly, there was no humoral 
memory response in calves vaccinated at one-to-two 
weeks of age. Although the calves in the present study 
were younger than those in the Platt study at the time 
of vaccination (three days of age vs one-to-two weeks of 
age), calves used in the study by Platt and co-workers 
had a similar mean log

2 
SN titer to BVDV (BVDVla = 

7.6, BVDV2a = 7.4) as the calves in this study (BVDVla = 
8.8 and BVDV2a = 8.0) at the time of vaccination. Given 
that maternal SN titers at vaccination were similar 
between the two studies, there are at least two possible 
reasons for the inability to detect a humoral memory 
response, compared to the Platt study calves that were 
vaccinated at four-to-five weeks or seven-to-eight weeks 
of age: 1) interference of maternal antibody with the 
development ofB-cell memory; and/or 2) the immaturity 
of the immune system in very young neonatal calves. 4 

In the current study, 80% of vaccinated animals 
were viremic four days after challenge. In another study 
IFOMA, Zimmerman and co-workers administered a 
single dose of a pentavalent MLV vaccine containing 
BVDVla (Singer) and BVDV2 (5912) to approximately 
five-week-old calves and challenged the calves at 3.5 
months (approx. 105 days) of age. 16 Results of the study 
showed that the vaccine induced a strong immune re­
sponse IFOMA that was capable of providing protection. 
As in the study by Platt et al, calves in the study were 
not seronegative at the time of challenge. An important 
finding by Zimmerman et al was that vaccinated calves 
were completely protected against viral shedding after 
challenge. In a follow-up study using the same vaccine, 
Zimmerman et al changed their study design by delaying 
the challenge phase (215 days post-vaccination) until 
the calves were seronegative to BVDVla and BVDV2a. 15 

In that study, calves were protected from a virulent 
BVDV2a challenge; however, unlike the previous study, 
the vaccinated calves were viremic during the challenge 
phase in the follow-up study. The finding of viremia in 
the present study is consistent with the results from 
the second study by Zimmerman and co-workers. 15 The 
viremia in the study calves is likely attributable to the 
duration of time between vaccination and challenge. 

Given the absence of B-cell memory, the non-ad­
juvanted vaccine used in this study most likely primed 
antigen-specific T-cells, which provided an appropriate 
response following challenge. However, the exact mecha­
nism of response in the presence of maternal antibody 
is not known. At least two factors may contribute to the 
protective response measured in calves in the present 
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study. The first is the age of the animal at the time of 
vaccination. Neonatal calves have all the components 
necessary to develop an adaptive immune response 
and B and T-cell memory. However, the B and T-cell 
responses will not be completely functional until calves 
are at least two-to-four weeks of age, and the responses 
will continue to mature until they reach puberty. This 
decreased response is supported by the lower level of pro­
tection in this study compared to previous studies when 
calves where vaccinated at several weeks of age, 12,15,16 

which is particularly well documented in the study by 
Platt et al where calves vaccinated at one-to-two weeks 
of age had more severe leukopenia and higher clinical 
scores than calves vaccinated at four-to-five weeks or 
seven-to-eight weeks of age. 12 

In addition to age of the calf at the time of vacci­
nation, calves in the present study received colostrum 
within six hours of birth. In the absence of an adjuvant, 
it is plausible that several components of colostrum may 
have been beneficial for assisting the immune system to 
generate an appropriate antigen-specific T-cell response 
IFOMA: specifically, the pro-inflammatory cytokines 
interleukin-I~, tumor necrosis factor-a, and interleu­
kin-6, which are important for the development of im­
mune responses and memory. Additionally, y-interferon 
is present in high levels in bovine colostrum, 14 and may 
be beneficial in the face of maternal antibody for the suc­
cessful priming ofT-cells. These cytokines are absorbed 
by the calf, and the blood levels of these cytokines peak 
at 24 hours and then decline to almost non-detectable 
levels by 14 days of age. Interestingly, the levels of 
the aforementioned cytokines are still at 30-70% of 
peak levels at three days of age, while peak levels of 
y-interferon are at 76%. It has been demonstrated that 
administration of interleukin-I~ orally increases T-cell 
activation in the newborn calf, and that calves fed colos­
trum have higher lymphocyte activity than calves not fed 
colostrum. 7 Although the other four cited studies5•12•15•16 

had groups of calves that received colostrum, the levels 
of these cytokines would have been lower at the time of 
vaccination, since the calves were vaccinated between 
seven days of age and eight weeks of age, depending on 
the study. This age at vaccination issue is particularly 
interesting. Ellis et al vaccinated calves at 10-14 days 
of age with a non-adjuvanted vaccine IFOMA.5 These 
animals were highly susceptible to disease and mortal­
ity (67% mortality) when challenged 4.5 months later, 
whereas calves in the present study, vaccinated at three 
days of age with a non-adjuvanted vaccine and chal­
lenged at seven months, had a 20% mortality. 

The second factor for consideration is the strain of 
virus in the vaccine. The vaccines used in three previ­
ous studies12•15•16 and the current study contained the 
Singer strain of BVDV, which is a type la cytopathic 
strain. Although the BVDVl strains were similar be-
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tween vaccines, the BVDV2 strains were different. The 
vaccine used by Platt et al contained strain 296-CP, 
whereas vaccines used in the Zimmerman studies con­
tained strain 5912, and the vaccine used in the current 
study contained strain A125. Like other type 1 vaccine 
strains,5•10 the Singer strain of BVDV has been shown 
to provide cross protection against highly virulent type 
2 strains.6 However, it is interesting that only the vac­
cines that contained Singer provided protection IFOMA. 
Since the other BVDV strain, NADL, demonstrated cross 
protection against a virulent type 2 strain in animals 
that were seronegative, but not IFOMA,5 the strain effect 
cannot be discounted. The argument can be made that 
three of the vaccine studies that used the Singer strain 
of BVDV12•15•16 contained an adjuvant, which could be 
responsible for protection IFOMA. The outcome would 
have been clearer if these studies immunized animals 
with the same vaccine without adjuvant to clarify 
adjuvant effect. Although it is likely that adjuvant 
contributed to protection IFOMA, this question cannot 
be answered until a clinical challenge trial with adju­
vanted vs non-adjuvanted Singer vaccine is completed. 
In addition to the removal of the adjuvant, it would be 
appropriate in future studies to sham vaccinate control 
animals with a multivalent vaccine which does not 
contain BVDV. This would limit the potential impact 
of other vaccine components on the outcome of the trial. 

Conclusion 

This study demonstrated that calves vaccinated 
at three days of age IFOMA can be protected against 
a virulent BVDV2a challenge with a non-adjuvanted, 
pentavalent vaccine. Calves vaccinated IFOMA were 
less impacted by intranasal challenge with BVDV than 
control calves. Based on clinical parameters , vaccinates 
had reduced clinical scores, rectal temperatures, weight 
loss, and mortality compared to sham-vaccinated ani­
mals. Further evidence that protection was conferred 
was based on hematological parameters as well. Specifi­
cally, vaccinated animals had higher levels of circulating 
white blood cells and fewer were viremic, compared with 
control animals. 
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