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Abstract 

A review of bovine viral diarrhea virus (BVDV) dy­
namics is followed by a review of test efficiency mea­
sures. BVDV diagnostic challenges are then discussed 
with attention to its pathogenesis during pregnancy and 
fetal effects. Economic decision theory methods are then 
applied to evaluate BVDV testing efficiencies and out­
comes given certain herd BVDV characteristics .. 

Two scenarios evaluated are ELISA antibody test­
ing 1) an infected, naive herd, and 2) an infected, 70% 
immune herd. In the naive herd, 25% of cows were in­
fected in the high risk 60- 120 day of gestation period. 
This resulted in a 78% calf crop, an 8% persistently in­
fected (PI) prevalence, and where 5% of normal calves 
had titers. In the 70% immune herd, approximately 8% 
of cows were infected in the high risk period, resulting 
in a 90% calf crop, a 2% PI prevalence, and where 1 % of 
normal calves had titers. 

The scenarios yielded different test performances. 
For the naive herd, we were ~56% confident in positive 
test results, but ~100% confident in negative test re­
sults. In the partially immune scenario, these confi­
dences were ~28% and~ 100%, respectively. In the naive 
herd, we falsely culled 3.9 calves, and missed 0.4 PI 
calves. In the other scenario, the numbers were 3.5 
calves, and 0.1 PI calves, or a 10% reduction in false 
culls, and a 75% reduction in missed PI animals, in spite 
of the worse test results. This suggests that, though it 
impairs test performance, the higher a herd's immunity, 
we can quantify improved outcomes. 

Introduction 

Bovine viral diarrhea virus (BVDV), a member of 
the Pestivirus genus, has long been recognized to be the 
causative agent for ill-health and large economic losses 
in both beef and dairy cattle. Since the 1980's, because 
of the nearly simultaneous arrival of molecular tech­
niques, and the Type II antigenic group ofBVD, veteri­
nary research has begun to plumb the pathogenesis and 
epidemiology of this pathogen. But we still do not clearly 
understand the entirety of BVDV's complex etiology, 
ecology, or population dynamics. BVDV produces vari­
able manifestations in affected animals, in part due to 
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the host's immunological competency, to the target's age 
or stage of gestation at exposure, and to the genotype, 
biotype and strain(s) of BVDV to which the host is ex­
posed. There are also conflicting research reports on the 
efficacy of the various vaccines for protecting animals 
from BVDV infection, clinical manifestations and be­
tween-animal transmission. As a result of this multi­
factorial etiological web, we deal with any single herd 
likely having several different 'risk groups' with regard 
to BVDV status: 1) naive animals; 2) vaccinated ani­
mals; 3) pregnant animals and their fetuses; 4) acutely 
infecteds, and 5) persistently infected animals. 

Other authors and speakers in this session will 
explore the virulence factors, etiologic nuances and im­
munological complexities involved in producing such a 
panoply of effects - this paper will, therefore, not ad­
dress current research in BVDV biology, except where 
it bears upon BVDV diagnostic problems (and some po­
tential solutions) facing veterinarians. This means, 
however, that I will make assumptions about the read­
ers' level of understanding of BVDV dynamics - but don't 
worry, those areas will be covered (to a much better de­
gree than I could hope to do!) by the others in this ses­
sion. This presentation, then, will comprise four related 
modules: 1) background information on how we deter­
mine clinical test efficiency; 2) how the above Risk 
Groups' characteristics complicate clinical testing; 3) the 
different types of BVDV tests currently available; and 
4) a decision process to help us make some valid (hope­
fully) recommendations to our clients regarding BVDV. 

Basics of Clinical Test Efficiency Measures 

Sensitivity and specificity - the 'Pillars' of test efficiency 
indices 

Most ofus have seen ad nauseam depictions of dif­
ferent clinical tests' SE and SP. Nearly every time some­
one even mentions SE or SP, they immediately throw a 
2*2 table up, thinking the table is self explanatory. Of­
ten we vaguely understand what the presentations 
mean, but just as often we feel they are a little removed 
from the reality of interpreting tests. Those impres­
sions are fundamentally correct: SE and SP are, in and 
of themselves, of limited usefulness to someone in the 
field trying to figure out what's what with a herd, and 
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the standard 2*2 table, while helpful, assumes we have 
perfect knowledge oftest quality and animal classifica­
tion. Of course, if we had perfect information, we 
wouldn't be running clinical tests! But we muddle on, 
nonetheless. 

First some definitions: The Sensitivity (SE) of a 
test is a measure of that test's ability to identify true 
positives, given the tested group is truly positive. In a 
standard 2*2 table presentation (yes, I am going to re­
sort to one of these things! See to Figure 1), it is given 
by the cell signifying the positive agreements (CELLA) 
between the test and a gold standard divided by the 
marginal total of truly diseased animals (CELL A+C). 
The higher a test's SE, the better the test at pulling 
truly diseased animals from a group. The Specificity 
(SP) of a test is a measure of that test's ability to distin­
guish true negatives, given the tested group is truly 
negative (in the 2*2 table: CELL D / CELL B+D); the 
cell signifying the negative agreements divided by the 
marginal total of truly negative animals. The higher a 
test's specificity, the better the test is at identifying 
non-diseased animals and leaving them be. For the IHC 
and PCR comparison, the PCR displays a SE of 97 .3% 
and a SP of 90.5% - meaning the PCR will detect 97 .3% 
of those animals testing positive to IHC, and will cor­
rectly identify 90.5% of those animals testing negative 
to IHC. 

Well, that seems clear enough. So why do we of­
ten feel uncomfortable with SE and SP? Because each 
is calculated using only one side of the 2*2 table (i.e., 
either the gold standard positive or the gold standard 
negative side), meaning that neither is affected by preva­
lence of disease. The information we want (i.e., the like­
lihood that an animal a test labels "positive" is truly 
diseased) needs to be calculated using both sides of the 
table (i.e., either the total number of test positives or 

Generic Two-~-Two Table for Deeicting/Deriving Test Sensitivi~, Test 
Seecifici~ and Disease Prevalence 

Gold Standard Tes 
E T Disease 1 Disease -

X e Test ~1 a b a+b Sensitivity (SE)= a I (a+c) 

p s Test- C d c+d Specificity (SP) = d I (b+d) 

t t a+c b+d total Prevalence (PREV) (a+c)/total 

Reverse-Transcrietion Pol]lmerase Chain Reaction {PCR} versus lmmun, 
histochemical Staining, in Tissues {IH D..HC used as •g__old slandarrrJ 

IHC 
p Disease 1 Disease -

C Test ~1 36 54 90 Sensitivity (SE) = 97.3% 
R Test- 1 517 518 Specificity (SP) = 90.5% 

37 571 608 Prevalence (PREV) 6.1% 

Figure 1. Depiction of typical 2*2 table used to gener­
ate SE and SP, along with example comparing PCR and 
IHC in diagnosing BVDV (Derived from Mahlum CE, 
Haugerud S, et al [2002]). 
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the total number of test negatives). The "horizontal" 
alignment of the values of interest, thusly, means that 
they are affected by prevalence - for example, the ra­
tio of true positives to false positives (a:b, in above table) 
effects our confidence that a test positive animal is truly 
diseased (with the ratio of c:d similarly effects our con­
fidence in test negative results). In other words, while 
SE does tell us how good a test is in identifying dis­
eased animals, the false positive rate (1-SP), unfortu­
nately, also throws in incorrectly classified animals into 
the mix. It makes sense, then, that when the preva­
lence of a disease is very high, the impact of the false 
positive rate will be diminished. Conversely, in situa­
tions of very low disease prevalence the false positive 
rate might comprise the majority of animals testing 
positive. The same, but inverse, dynamic occurs with 
SP and the false negative rate (1-SE). 

What we, as practitioners, are interested in are 
what are called the 'predictive values' of our tests. The 
predictive values for either positive tests, or negative 
tests, are calculated as a/ (a+b) and d / (c+d), respec­
tively. Using the tables in Figure 1, for the PCR vs IHC 
comparison, the PCR test displays a 'Predictive Value, 
Positive' (PVP) of 36/90 = 40.0%, and a 'Predictive 
Value, Negative' of 517/518 = 99.8%. The predictive 
values tell us that, in a relatively low prevalence situa­
tion, the likelihood a PCR test positive animal actually 
has BVD is 40%, and that a PCR test negative animal 
actually does not have BVD is just about 100% - all 
relative to IHC. In other words, our animals that tested 
positive are actually 1.5 times more likely to not have 
the disease than they are to be diseased, but we can be 
close to certain that cows testing negative truly do not 
have the disease. 

Though the numbers will change with different 
tests, this relationship of tests increasing in inefficiency 
at either extreme of disease prevalence holds true. Take, 
for example, data from a test manufacturer (IDEXX 
Corp., from their website. 2003) for an ELISA anti­
BVDV antibody test (see Figure 2). In this figure we 
also introduce the concept of approximate confidence 
intervals (CI) for the efficiency indices.8 Our confidence 
in the precision of any percentage estimate is, in part, 

Com~aring IDEXX BVD Antibod~ Test vs Serum Neutrallzatic 
calc'd 95% Conf Int 

PREVAL 70% 51% · 90% 
I Disease status (SN gold standard) SENSITIV 98% 91% · 100% 
D T Disease 1 Disease - SPECIFIC 88% 73% · 100% 
E e Test+~ 19 1 

I 
20 PVPOS% 95% 85% · 100% 

X s Test 0 7 7 PVNEG% 95% 84% . 100% 
X t 19 8 I 27 FALSE+% 5% 0% . 15% 

FALSE-% 5% 0%. 16% 

Figure 2. Test evaluation and efficiency derivation for 
a commercial BVDV antibody test (derived from IDEXX, 
2003). 
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due to sample size. The Fleiss approximate Cis give us 
some idea of how 'soft' our estimates really are. For 
instance, given that 27 animals were used in this dem­
onstration, the SE estimate of98% has a 95% CI of91 %-
100%. This can be interpreted as indicating that a SE 
of anywhere from 91 % through to 100% is compatible 
with these data. Likewise, the estimates for PVP and 
PVN each show a high degree of spread - from the mid-
80% range on up. Note, however, that the prevalence 
(PREV) for this sample is pretty high at 70%. 

What would happen to our PVP and PVN estimates 
at different PREV s? The easy thing to do is solve the 
2*2 table at different prevalences, as was done for Fig­
ure 3. Note how the PVP drops, and PVN goes up, as 
prevalence decreases. The opposite occurs as prevalence 
rises. We can interpret this chart to suggest that in a 
27 head herd with a BVDV prevalence of 20%, we could 
be around 65% confident that test positives were truly 
infected (95% CI approximately 45% - 85%). Had the 
original herd been comprised of 10 times the number of 
cows (i.e., herd size= 270), that 95% confidence interval 
would have condensed to an approximate range of 60% 
- 72% (calculations not shown). Neither the SE nor SP 
of the test changed; the test performance did. By nor­
mal standards, this ELISA test is good. But when the 
disease is relatively unlikely, we cannot claim a high 
confidence when we identify an animal as a test posi­
tive. In a similar vein, when the disease is highly likely 
(i.e., prevalence is high) we lose confidence in our test 
when it claims an animal is test negative. No matter 
what kind of clinical test you are using - serology, ti­
ters, rectal pregnancy checking, records review - they 
all are similarly impacted at the extremes of prevalence. 
So our overall confidence in any test result is driven by 

20% 

0%0 ---.---.... .---... ----..------■ 
0.0 0.2 0.4 0.6 0.8 1.0 

PREVALENCE 

Figure 3. Change in predictive values with prevalence 
for the IDEXX antibody ELISA test from Figure 2. Small 
markers indicate 95% confidence intervals for the esti-
mates. 
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the combination oftest efficiency, disease prevalence and 
sample size. 

Complications of Testing for BVD Due to 
Different Risk Groups Within a Herd 

In the introduction we identified five basic risk 
groups within any individual herd: 1) naive animals; 2) 
vaccinated animals; 3) pregnant animals and their fe­
tuses; 4) acutely infecteds, and 5) persistently Infected 
animals. As far as testing goes, the naive animals pose 
little trouble. Vaccinates can confuse our antibody-based 
tests, as they will show up as false positives if the test 
is run soon after vaccination. The last three groups, 
the pregnant animals, acutely infecteds (AI) and the per­
sistently infected (PI) animals are the real pains when 
testing for BVD. Here we need to go into just a bit of 
BVD pathogenesis and host response to understand why. 

Role of stage of gestation and BVD manifestation 
Figure 4 is an illustration combining the described 

effects of BVDV infection based on stage of gestation at 
time of contact. This figure, however, assumes the preg­
nant animal is immunocompetent. If the pregnant ani­
mal is a PI, her calf will also be a PI. Hence, if a pregnant 
animal is infected with BVDV sometime after the first 
or second month, but before the fifth month of gesta­
tion, her calf will not respond to the virus, and (if the 
calf survives) will harbor the virus for life. These Pis 
are regularly cited as the major means of continuation 
and spread of BVD within cow-calf herds, dairy herds 
and stocker operations. 7 The impact of Pis on feedlot 
operations is generally regarded as unknown. 1 How­
ever, the fact that these animals can shed the virus for 
life and infect other animals means that identifying 
them is a priority in any herd control program. Being 
immuno-incompetent, PI animals' antibody tests will 
usually be negative, making these tests less than ideal 
for use in diagnosing BVDVin such animals. Such ani­
mals can, though, still mount a neutralizing antibody 
response, further confusing the situation.4 PI animals 
tend to have high and long-lived BVDV viremias, a ten­
dency that can be used in serial sampling for differen­
tiation of Pis from acutely infected (AI) animals. 2 

Additionally, a calf displaying both a negative antibody 
test, but a positive virus/antigen test, is very likely to 
be a PI. 

A programmatic problem with identifying a PI calf 
after birth means that animal has some chance of trans­
mitting BVDV to others before the test results/culling 
decisions occur, so identifying a pregnant animal while 
she is carrying a PI calf is desirable. Literature likeli­
hood estimates that a dam carrying a PI calf is herself a 
PI are relatively low - a five state survey of 128 beef 
herds deduced that 7% of dams delivering PI calves were 
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Pathology Month of gestation at tlme of lnfectlon with Bovine Viral Dlarrtiea virus Signs Observed 

Embryonic/Fe~ 
Death ! 

Persis ten~ 
Infect 
Animals 

Congential def~ 

Malfonnation~ 

Abortion1 

Stillbirths/Wea~ 
Calve~ 

I 1 

9 I 

I 
Rebreeding, Poor 
conception rates 

I 

Poor doers, More calf 

disease, Degraded here 
performance 

I 
Primarily CNS-based 
problems 

I 
Returns of diagnosed 
pregnant animals 

-

I 
Increased calf death 
Poor doers 

9 I 

Figure 4. Approximate time-line correlating pathology 
and observed signs ofBVD infection in an immuno-com­
petent animal based on stage of gestation at time of in­
fection. Darkness of cell is proportional to relative 
likelihood of occurrence. Adapted from Brock (2003a); 
Cortese VS, et al (1998); Cree J (2003); Ishmael S (1999); 
Penn State Vet Sci Extension (2000). 

Pis themselves. 19 Hence, the majority of PI calves are 
born to dams who were acutely infected during gesta­
tion. One promising avenue for identifying cows carry­
ing PI calves is currently in use in the Swedish BVD 
Control Program.9 The technique depends on the rela­
tionship between anti-BVDV titer (in this study mea­
sured by Optical Density of an indirect ELISA) and stage 
of gestation in immunocompetent dams carrying PI 
calves. A PI fetus is viremic, and the dam is exposed to 
the virus , inducing an immune response in the dam. As 
a result of continued exposure, the titer of the dam shows 
a general, linear increase from mid-gestation on. In 
dams carrying non-PI fetuses, no such viremic exposure 
occurs, and the dam's titer remains relatively constant 
- assuming no acute exposures occur. The later in ges­
tation, in general, the better the test's positive predic­
tive value - in this study, the 95% Cis for titers in 
PI-carrying vs non-PI-carrying dams did not cross from 
6 months gestation on. While this may be impractical 
for many commercial cow-calf operators, any producer 
handling his pregnant cows during the last trimester of 
pregnancy may consider this tactic. 

Different BVD Tests Available 

As with most viral tests, we have BVD tests that 
rest in two broad categories: those that identify anti­
BVDV antibodies (Ab Tests), and those that identify the 
presences of virus. The latter group of tests can be fur­
ther dichotomized into those that isolate and grow vi­
rus (VI), and those that demonstrate virus proteins/ 
antigens (Ag tests). Unfortunately, the nomenclature 
across labs, companies, research groups and countries 
is not as clear as it could be, making it somewhat con­
fusing at times to know just what is actually going on. 
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Following is a short list of the most commonly available 
tests for BVD. Please note that this is in no way an all­
inclusive list. 

Antibody tests 
These days, a practitioner asking for an anti-BVDV 

antibody test will be offered either the tried and true 
serum neutralization test (SN), or one of the enzyme 
linked immunosorbent assay (ELISA) -based tests. The 
SN test is often used as the 'gold standard' for compari­
sons. Both types of tests tend to show high sensitivities 
for exposed and reactive animals, but can be lacking in 
specificity depending on the vaccination status of the 
tested animals. Pis will not, by definition, be usefully 
identified using antibody-based tests. SN and ELISA 
tests tend to be fairly quick in turn-around. Be aware, 
however, that laboratory choice of analytical viral strain, 
cell culture line and technique can, at least for SN, make 
lab-to-lab comparisons of results problematic. 18 

Antigen tests - virus identification I growth 
Virus isolation tests historically have depended on 

isolating and growing BVDV on cell culture. Such tests, 
across the board, tend to be 1) fairly low in sensitivity; 
2) have a specificity of 100% (barring contamination); 
and 3) take a minimum of 2-4 weeks to complete. Re­
member that the virus may have come and gone before 
the clinical signs appear, making it likely that antigen 
tests will yield false negatives. 

Antigen tests - virus antigen identification 
This group of tests is perhaps the group with the 

most active ongoing body of research. The basic sub­
groupings of tests available here are 1) immunohis­
tochemistry (IHC); 2) ELISA; and 3) polymerase-chain 
reaction (PCR) -based tests. The IHC, ELISA, and PCR 
subgroups have tests within them that can work off of 
either serum, leukocytes, or fixed tissues. IHC has, for 
long, been the other 'gold standard' against which to 
test other techniques. It can be relatively slow, but for 
all intents and purposes has no false positives if per­
formed correctly. The newest subgrouping of these tests, 
PCR, has historically been limited in utility due to its 
exacting procedure requirements and cost. Recent ad­
vances in technology, however, have increased PCR's 
applicability to general clinical testing. Furthermore, 
the advent of immunohistochemistry capabilities uti­
lizing 'ear-notch' specimens has greatly increased the 
ease and quality of specimen handling for virus identi­
fication. 

Test performance 
Figure 5 represents the findings of a non-exhaus­

tive, non-scientific sampling of published test efficien­
cies for some of the more commonly available tests for 
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RELATIVE ESTIMATES OF SENSITIVITY AND SPECIFICITY FOR BVDV TESTS WITH CONFIDENCE INTERVALS I 

available) FROM THE LITERATURE 
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Figure 5. Representative test efficiency calculations 
taken from the literature. 95% confidence intervals are 
either assumed from the literture (95% CI?) or calcu­
lated, where possible (95% CI). Derived from literature 
sources as shown in table. 

BVD diagnosis. Inclusion of commercial data is not 
meant to imply endorsement of any individual products. 

Note that due to sample size limitations, what 
starts out appearing as excellent test efficiency mea­
sures ends up with quite wide 95% confidence intervals. 

This is a common finding with published data and 
with data produced in advertising literature. We all 
need to be careful in depending on tests when we have 
only vague ideas as to their true potential efficiency. 

Test cost 
Another non-exhaustive, non-scientific sampling 

of six laboratories publishing their prices for tests on 
the internet (California, Guelph, Illinois, Missouri, Okla­
homa, Wyoming) gave the following median prices for 
tests: ELISA, antibody = $15.00; ELISA, antigen = 
$13.65, IHC = $16.88; SN= $6.85; PCR = $25.50. Note 
this cost accounting does not include the costs of sample 
collection, identification, preparation, or transport. Also, 
be aware that the PCR tests all allowed pooling, gener­
ally up to five animals per test (lowering the potential 
cost/head to $5.10 on pooled samples). 

Decision Processes/Thoughts on Testing for 
BVD in Herds 

Before testing begins 
One should not embark on a whole-herd BVD test­

ing program lightly. As seen above it is a complex issue. 
However, ifthere is suspicion of a herd having had symp­
tomatic animals, or has demonstrated otherwise non­
diagnosed reproductive problems consistent with BVD, 
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it is well worth the effort to start. In a 5-state survey 
for Pis in beef herds, Wittum, et a/19 found that cooper­
ating veterinarians' classification of a herd as BVD 'sus­
pect' (based on history/clinical signs) made the herd 5.8 
times more likely to have Pis than randomly selected 
herds (95% CI on Odds Ratio = 1.4-34.1; Epilnfo 6.04/ 
Statcalc), though the proportional differences (10% vs 
4%) were not found significant at the 5% level. Saliki, et 
al, 15 discovered that suspect individual animal cases of 
Pis or acute infections had a 10.5% likelihood of being 
viremic at testing, whereas non-suspect, general popu­
lation cattle had a 1.9% individual likelihood of being 
viremic at testing. Needless to say, such figures are 
highly dependent upon the type and history of animals 
being tested, so we should not assume these figures rep­
resent the cattle in our own situations. 

What to do at the start - screening a herd 
Screening tests are designed, classically, to yield 

few false negatives, that is, to demonstrate a high sen­
sitivity.17 Diagnostic tests will be highly specific (i.e., 
low false positive rates), and will identify the true nega­
tives within the tested group, and usually will show rela­
tively poor sensitivity. However, there are trade-offs in 
any multi-test system. If the combination is to yield 
'better'results, it depends on the relative merit of mini­
mizing false positives at the expense of false negatives, 
or vice versa. 16 As shown in Figure 5, however, it ap­
pears there is little difference in the overall SEs and 
SPs of the various BVDV tests, putting a BVD program 
in a bit better standing than many clinical situations. 

Test costs vary, as shown above. Balancing effi­
ciency with total testing cost is important, but not a 
subject I can rationally approach here, because most 
overall testing costs will vary between herds, and aver­
aging will be prone to over-interpretation. Suffice it to 
say that there are costs beyond just what the lab charges 
- and if those costs include potential damage or injury 
to animals, then those costs become exceptionally im­
portant. But even just looking at test costs, we can draw 
a few conclusions. 

Stochastic partial budgeting for the testing decision -
screening calves for antibodies 

As an example of a decision tool we could use, I'll 
put forward one case of a stochastic partial budget for 
screening calves for antibodies, and will compare a herd 
where all the cows are BVD na'ive against a herd where 
the cows are 70% immune to BVD. Partial budgets are 
the foundation decision support tool in economics. 16 A 
partial budget simply looks at the change in costs versus 
the change in revenues of a decision. A stochastic model 
is one in which at least one input is allowed to vary ran­
domly. For our purposes, following with my comment 
about returns to programs being highly herd-specific, we 
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shall only look at testing costs - no attempt will be made 
to value the increases in revenue. The stochastic part of 
this model is that we will allow the SE and SP of the test 
to vary within the 95% confidence intervals defined in 
Figure 5 (using, in particular, the values from the top­
most IDEXX ELISA antibody test; SE= 85-100%, SP= 
93-100%) using over 100 simulations. 

A lot of assumptions go into such a model, but for 
now let's see what happens without going into the as­
sumptions in-depth. The herd size and pregnancy rates 
are taken from Wittum, et al. 19 The other numbers (ex­
posure risks, risks of PI, etc.) are arbitrary assumptions. 

The first 100 run scenario, as stated before, as­
sumes none of the cows are immune to BVDV: 

Note the '50th %' line (median values across 100 
runs) for Model 1 in Figure 6. The median SE and SP 
are within 0.5% of the mid-point from the relevant test 
in Figure 5, and the minimum (MIN) and maximum 
(MAX) for each fits within the previously described con­
fidence intervals. So, the stochastic part worked. What 
did it do? The median PVP was 55.6% (i.e. , close to half 
the test positives were false positives), the median PVN 
was 99.6% - we had lots more confidence in negative 
antibody tests than in positive tests. This makes sense 
because the prevalence of titered calves (see outputs 
section of model) was low- 5%. Note also that the model 
falsely culled nearly four calves (FP = 3.9), and incor­
rectly returned about half a calf back to the herd as non­
titered (FN = 0.4). Overall calving rate was 78% -
definitely lower than desired. About 8% of calves turn 
out to be Pis in this model. 

The second 100 run scenario, as stated above, as­
sumes 70% of the herd is immune to BVDV: 

l!!.e!!!! 
149 cows m herd lavgherd size. W1tturnJ 

89% preg rate (preg ra te. infected herds. W1ttumJ 

0% cows immune (assumpt,onJ 
50% exposure to ~VUV 1assump11on) 

50% exposure occured at bU-1 i:'.U da gestation (assumpuonJ 
50% nsk of 1-'L given exposure (assumption) 

25% nsk of 1-'t, loss, given exposure (assumption) 

5% baseline l-'l, wastage rate (assumption) 

33% prob of non-t-'1 fetus mounting Iller, 11 exposed (assump11on) 

Calculations 
132.61 preg cows 

132.61 preg cows at nsk 

66. 3 preg cows exposed to ~VU 

33.2 preg cows exposed at bU-1,U da gestation 

16.6 ~I calves 

8. 3 t-'1 abontons/losses 
8 .3 1-'lcarvesborn 

g ~ 
count 100 100 
min 85.0% 93.0% 
max 100.0% 100.0% 
25th% 90.0% 94.0% 

1nm~ m0: ~~~0: 
avg 93.09% 96.08% 
std 4.29% 2.07% 

Elf Em 
100 100 

39.6% 99.2% 
84.2% 100.0% 
45.2% 99.4% 

mz: ~m: 
59.15% 99.62% 
14.66% 0.24% 

.EfB 
100 

15.8% 
60.4% 
28.1% 

mz: 
40.85% 
14.66% 

I Model 1 - Naive herd 

Calculations 
99. 5 non-~VU pregnancies 

5 . O baseline t,Jl, wastage rme 

94 .5 normal. non-ts VU ca lves born 
5. 2 normal , non-ti VU ca lves born with tilers 

Outputs 
102.8 total ca ll crop 

78% calvrng'1o 
8% 1-'lprevalencemcalves 
5% 1-'revalence of calves with tilers 

.EtIB If Ili .Ef 
100 100 100 100 

0.0% 4.4 90.7 1.0 
0.8% 5.2 96.6 6.8 
0.2% 4.7 91 .7 2.0 

m: g m ;~ 
0.38% 4.84 93.75 3.82 
0.24% 0.22 2.02 2.02 

EN 
100 
0.0 
0.8 
0.2 

K; 
0.36 
0.22 

Figure 6. Stochastic partial budget model of a BVDV 
naive cow-calf herd being exposed when many of the 
cows were at the riskiest stage of gestation for PI gen­
eration. 
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In this model (Model 2; Figure 7) median PVP was 
nearly halved (28% vs 56%), and median PVN stayed 
about the same (both approximately 100%). This model 
still falsely culls nearly the same number of calves (3.5 
vs 3.9), and returns one-quarter the number of false 
negatives back to the herd. Overall calving rates, not 
surprisingly, are improved by 12% (90% vs 78%), and 
the prevalence of PI calves is one-fourth that of Model 1 
(2% vs 8%). 

In a true herd situation, we could assign values to 
the extra calves saved, the higher calving rate, the lower 
risk ofleaving positive animals in the herd and the lower 
prevalence of PI calves. We could also set up, fairly eas­
ily, the cost of a vaccination program to achieve a goal of 
70% herd immunity, plus the added costs we'd incur by 
taking up BVDV biosecurity practices. With those val­
ues as inputs we could then determine just how much it 
is worth to this herd to correctly vaccinate the herd and 
practice good BVDV biosecurity. Then we would know 
whether this regimen is worthwhile or not. 

Conclusions 

BVDV, mostly because of its immunosuppressive 
nature, poses a great challenge to veterinary medicine. 
It is difficult to tease out its true effects on individual 
animals, let alone on an entire herd. It offers complexi­
ties in test execution and interpretation. As a result, 
we can rarely be fully confident in our test outcomes. 
But uncertainty does not absolve us of helping our cli­
ents make the most informed decisions possible - they 
have to live with the uncertain situations. By carefully 
documenting what we do know, and by then applying a 

l!!.e!!!! 
149 cows In herd {avg herd size. W111urn} 

89% preg rale {preg rate. 1nlected herds. W1tturn) 

70% cows immune (assump11onJ 

50% exposure to tsVUV (assumption) 
5ou;0 exposure occured at bU- ·1 ZU da gestation (assumption} 

50% nsk of 1-'t. given exposure {assumption) 

25% risk of 1-'L, loss, given exposure {assumption) 

5% basehne 1-'l, wastage rate {assurnptton} 

33% prob ot non-1-'I fetus mounting liter. If exposed {assurnptIonJ 

Calculations 
132.61 pregcows 

39.783 preg cows at nsk 

19.9 preg cows exposed to ~VU 

9 . 9 preg cows exposed at bU-1,U da gestation 

5.0 ~I calves 

2. 5 1-'I abortions/losses 

2. 5 1-'t ca lves born 

SE SP 
count ioo ioo 
min 85.0% 93.0% 
max 100.0% 100.0% 
25th% 88.8% 94.0% 

l~~:~0: mz: ~~g: 
avg 92.65% 96.17% 
std 4.64% 2.17% 

PVP PVN 
100 100 
13.9% 99.8% 
57.0% 100.0% 
16.8% 99.8% 

;~ ~0: 1
8u~6~J.1, 

30.09% 99.90% 
14.51% 0.06% 

FPR 
100 

43.0% 
86.1% 
61.5% 

m0: 
69.91% 
14.51% 

I Model 2 - 70¼ nerd immunity 

Calculations 
~ -tsVUpregnanc,es 

6.1 baseline l-'G was1age rate 

116.5 norma l. non-ts VU calves born 
1.6 normal. non-ts VU calves born wIt/1 titers 

Outputs 
119.0 total cal l crop 

90% C<l lving 'fo 
2% 1-'I prevalence 111 ca lves 

1 % 1-'revalence ot calves with tilers 

FNR TP TN FP 
100 100 100 ioo 
0.0% 1.3 109.2 1.2 
0.2% 1.6 116.3 8.2 
0.0% 1.4 110.4 2.3 

~;;: 1; m~ 76 
0.10% 1.44 112.96 4.50 
0.06% 0.07 2.55 2.55 

FN 
ioo 
0.0 
0.2 
0 0 

K; 
0.11 
0.07 

Figure 7. Second stochastic partial budget model for 
BVDV infection of a cow-calf herd. Here, however, 70% 
of the cow-herd is immune at time of exposure. 
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formal decision process based on biology and econom­
ics, we can achieve means to wind our way through the 
issue of testing herds for BVDV. 
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