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Abstract

Bovine viral diarrhea virus (BVDV) control pro-
grams should include identification and removal of the
BVDYV persistently infected (PI) animal, biosecurity,
biocontainment and surveillance. Surveillance of BVDV
in herds previously identified as having persistently in-
fected animals and for herds of unknown BVDV status
are the focus of this discussion. Issues discussed are con-
siderations for tests used in BVDV surveillance programs,
population for surveillance and timing of testing.

Résumé

Les programmes de lutte contre le virus de la
diarrhée virale bovine (BVDV) devraient inclure
Iidentification et le retrait des animaux infectés perma-
nents immunotolérants (IPI), la biosécurité, le
bioconfinement et 1a surveillance. Le présent exposé porte
principalement sur la surveillance du BVDV dans des
troupeaux ou on a précédemment décelé des animaux
infectés permanents immunotolérants (IPI) et dans des
troupeaux ou la présence du BVDV n’a pas été établie.
Parmi les points soulevés, citons les éléments a envisager
a I'égard des tests utilisés par les programmes de sur-
veillance du BVDV, les populations a surveiller et le choix
du moment pour effectuer les tests voulus.

Introduction

A BVDV eradication and control program should
include testing of all suckling calves, open cows, replace-
ment animals, bulls and removal of persistently infected
animals, together with a comprehensive biocontainment
and biosecurity program to reduce the impact of intro-
duction of the virus. Despite recommendations and best
intentions, many producers probably institute partial
testing, biocontainment and biosecurity programs, in-
creasing the possibility that BVDV is not eliminated from
the herd or may be reintroduced. Therefore, BVDV sur-
veillance programs should be incorporated into herds for
timely detection of incomplete elimination or reintroduc-
tion. In herds with unknown BVDV status, a BVDV sur-
veillance program could be used to detect introduction of
the disease sooner.

Background on Need for Surveillance Programs

An enormous amount has been written about BVDV
control and management in recent years, and excellent
review articles of disease epidemiology, pathogenesis,
clinical signs and control are readily available.®'3** For
BVDV positive herds, these programs are based on the
principles of identification and disposal of persistently
infected animals, combined with comprehensive
biocontainment and biosecurity programs.?* Biosecurity
refers to actions taken to prevent introduction of a patho-
gen, while biocontainment refers to actions taken to con-
trol an existing pathogen in the herd.?* There appears to
be general agreement that although vaccines can offer
some protection against fetal infection, vaccination pro-
grams alone are currently unlikely to consistently con-
trol BVDV because protection against fetal infection is
not 100%.2*!° For negative herds or herds of unknown
BVDV status, biosecurity and biocontainment recommen-
dations remain the same.?'4? These control recommen-
dations are based on the understanding that BVDV is an
infectious disease with the major route of transmission
being animal-to-animal contact with excretion and se-
cretions of tears, milk, saliva, urine, feces, nasal discharge

and semen, and that a minor portion of transmission may

occur due to iatrogenic, fomite, environmental and in-
sect transmission.?> However, a component of BVDV con-
trol programs often given little discussion is surveillance
programs for BVDV detection. Because of the wealth of
information available on the first three components, the
remaining discussion concentrates on justification and
implementation of surveillance programs for BVDV in
cow-calf herds, a frequently forgotten component of BVDV
control programs.

Justification for BVDV Surveillance Program

Control programs based on testing and removing
persistently infected animals, biosecurity and
biocontainment have been successful at controlling the
disease in Europe.!” However, regions with a high
seroprevalence (unvaccinated animals) and high cattle
densities have experienced reintroduction of BVDV from
outside herds, suggesting that simple removal of ani-
mals persistently infected is insufficient to maintain nega-
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tive BVDV status.® Another explanation for repeated iden-
tification of BVDV in the herd may be reintroduction due
to inability to control external forces introducing BVDV
into the herd. Reintroduction of BVDV has been docu-
mented in high density, high seroprevalence regions of
Europe.®? For example, investigations in Denmark of 67
previously BVDV-free herds reported prevalence of the
following risk factors in those herds: persistently infected
animals had been present on adjacent properties (36%),
reintroduction was purchased or pregnant animals car-
rying persistently infected calves (28%), use of common
pastures (7%) and persistently infected animal on neigh-
boring farm (3%).! Obvious explanations of the remain-
ing 26% of the herds were not identified.!

These data suggest that BVDV programs should
have four components: an initial eradication program (test
and remove component) and a control program with three
components: biosecurity, biocontainment and surveil-
lance. Surveillance programs for BVDV are required be-
cause herds diagnosed with BVDV may fail to eradicate
BVDV or eliminate the risk of reintroduction. In 2006,
Iowa State University conducted a study of BVDV preva-
lence in over 12,000 spring-born calves from 102 cow-calf
herds in Iowa.?” Only calves born in the spring of 2006
were tested, as these were likely the most sensitive sub-
set population to detect BVDV in those herds. The calves
were tested for BVDV using antigen capture ELISA (ACE)
on ear notches (skin). A component of the study evalu-
ated risk factors for detection of BVDV in the calves.

Table 1. Questions for survey.

Eleven of 102 herds tested positive for BVDV based on
ACE from ear notches collected from calves. Six of these
11 BVDV positive herds indicated that BVDV had been
diagnosed in the herd prior to enrollment in the study.
Low adoption of, or compliance with, BVDV eradication
programs may explain repeated identification of BVDV
in these herds. To evaluate these possibilities, a phone
survey of 50 veterinarians with clients’ herds diagnosed
with BVDV using immunohistochemistry (IHC), from
August 2006 to March 2007, was conducted. Veterinar-
ians were asked to recall the testing, vaccination and
general biosecurity programs they recommended to the
client (Table 1). Producers were asked the same ques-
tions, reframed to refer to the instructions given to them
by their veterinarians. Further, veterinarians and pro-
ducers were asked if instructions for program changes
were in the form of 1) a pamphlet about BVDV control, 2)
veterinarian-written instructions pertaining to the
producer’s individual situation, 3) verbal instructions, or
4) other instructions.

Of 50 veterinarians interviewed, 46 agreed to be
interviewed and 28 identified their clients as raising cattle
for beef. Of the 28 veterinarians that worked with beef
clients, 27 responded that they had recommended to ei-
ther test some animals, change vaccination practices and/
or change biosecurity practices.

Veterinarians frequently recommended full testing
programs, with changes in type and/or frequency of vac-
cination and biosecurity practices (nine of 28 programs).

Questionnaire area Specific questions

Testing program 1) whole-herd testing (yes/no)

2) testing of dams of positive animals (yes/no)

3) testing of calves (yes/no)
4) testing of heifers (yes/no)
5) testing of bulls (yes/no)
6) other testing (open)
Vaccination program

7) changing the modified-live vaccine (yes/no)

8) changing the type of killed vaccine (yes/no)
9) changing from killed to modified-live vaccines (yes/no)

10) other changes (open)
Biosecuity programs
(other than vaccination)

11) changes in the biosecurity practices (yes/no)
12) testing for infected animals before they enter the herd (yes/no)

13) isolating newly purchased animals for 14-21 days (yes/no)

14) purchasing replacement animals from a known source (yes/no)

15) restricting the movement of sick cattle (yes/no)

16) cleaning and sanitizing all working facilities and equipment (yes/no)

17) after handling cattle with chronic diarrhea or severe illness (yes/no)

18) monitoring fence-line contact of animals during grazing (yes/no)

19) avoid contact with animals of unknown health status (yes/no)

20) not allowing the fecal material from scouring animals to contaminate other animals or

humans (yes/no)

21) changes in cattle showing practices (yes/no)
22) other recommendations (open)
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In 10 programs, no testing was recommended- a propor-
tion of these programs may have been from feedlot pro-
ducers. Of producers interviewed, 25 identified
themselves as beef producers—either cow-calf, feedlot or
cow-calf and feedlot. Only four producers recalled being
advised to test the entire herd, while 16 recalled being
advised to test a partial group of the herd. Eleven pro-
ducers recalled being advised to change the type and/or
frequency of vaccination. Twelve producers recalled be-
ing advised to change biosecurity practices.

For all 46 veterinarians who participated in the
survey (dairy and beef clients), 38 indicated they gave
verbal instructions to clients to control BVDV programs,
and only 12 indicated they had provided written instruc-
tions for the control program. Interestingly, of 34 produc-
ers diagnosed with BVDV (dairy and beef), only 24
indicated they received verbal instruction on carrying out
a BVDV control program and only six producers indi-
cated they had received verbal and written instructions
on implementing the programs. Further, in a survey of
laboratories testing for BVDV, only 55% provided infor-
mation about BVDV management.’

These data suggest that producers are either being
advised to use partial testing programs or failing to un-
derstand BVDV control programs. Both options increase
potential for reintroduction of BVDV due to inadequate
biosecurity and biocontainment or failure to eradicate
BVDV from the herd after initial diagnosis.

In summary, herds with BVDV may fail to elimi-
nate the virus and continue to suffer production losses
due to infection if the control program is not properly
instituted. Surveillance programs aid in detection and
early correction of control program failures. Given the
estimated cost of BVDV infection in a herd ranges from
$14.85 to $24.84 per animal, a low cost surveillance pro-
gram that detects reintroduction or failure to eradicate
BVDV should be an essential component of any control
program. 16

What are the Components of a BVDV
Surveillance Program?

Surveillance programs are generally designed for
units of concern much larger than the herd, i.e. the re-
gion or the country. However, all infectious disease sur-
veillance programs aim to detect the presence of the
organism using a cheap, convenient and accurate method.
All surveillance programs require a compromise between
accuracy and cost. The cheapest and most convenient
surveillance program for BVDV is examination of records
for changes in production indicative of BVDV. However,
this approach appears to be inaccurate. In studies of
herds with no clinical evidence of BVDYV, 10 of 19 herds
were subsequently found to be BVDV positive,® while 42
of 52 herds suspected to be BVDV positive were PI nega-

tive.2® Therefore, programs that include testing for pres-
ence of the virus in the herd are needed. Unfortunately,
apart from pooled sera there are no clear estimates of
sensitivity and specificity of BVDV surveillance programs.
Therefore, veterinarians will need to use knowledge of
the epidemiology and management of the herd to recom-
mend the best surveillance programs. A surveillance pro-
gram for a cow-calf herd with BVDV should consider three
components:

¢ Test and tissue

* Target population

* Timing of collection

What Test and Tissue Should be Used in a BVDV
Surveillance Program?

Many surveillance programs begin with a decision
about detecting infection (antigen) or exposure (antibody),
however, as vaccination is currently a fundamental rec-
ommendation of BVDV control programs in North
America, testing for exposure is not discussed further.

Given that the program will be based on detection
of infection, the next step is to decide the test and sample
to use. The choice of test and sample are entwined, as
some tests are available for some sample types. For indi-
vidual animal testing to detect the presence of infection
using either immunohistochemistry (IHC), ACE, virus
isolation or PCR are readily available.® All these tests
are considered to have high sensitivity and specificity for
acutely infected calves, and are therefore good choices
for BVDV surveillance programs aimed at detecting pres-
ence of the virus in the herd.? As comparisons of the tests
show very little difference, it would appear that cost and
convenience should drive the decision about the test used
in surveillance programs.?” Virus isolation and PCR tend
to be more expensive on an individual test basis; there-
fore, IHC and ACE are the remaining options if the herd
owner decides to use individual animals. The next factor
is convenience of sample collection. Blood samples re-
quired for ACE on sera may incur increased labor for
bleeding, a cost not incurred if the tissue used is an ear
notch sample. Ear notches can be tested using ACE and
THC, and the laboratory should be contacted about price
and turnaround for each test.

An alternative to individual testing is pooling of
samples, which decreases the cost of surveillance. Pool-
ing by its nature must decrease the sensitivity of a test-
ing system; however, for some individual samples the
amount of virus is so high that the sensitivity in pooled
samples remains acceptably high. Further, there needs
to be a balance in number of animals per pool and likeli-
hood of positive samples, as positive pools eventually need
to be broken out to individual positive samples. As an
extreme example, combining all samples into a single pool
for a known positive herd would increase the cost of test-
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ing, as the producer would be required to pay for pool
testing followed by individual tests for all animals in the
pool.

For BVDV testing programs, pooled samples are
usually tested with PCR technology.® It is important to
differentiate which samples are being pooled when dis-
cussing practicality and sensitivity. Pooled milk samples
are not practical for beef producers and will not be dis-
cussed further. Pooled sera samples are highly sensitive.?
The advantages of pooling sera are greater when the
prevalence of persistently infected animals is low, because
then the majority of pools are negative. In a comparison
of five pooling protocols, the benefits of pooling decreased
above a prevalence of 3% persistently infected animals,
assuming 100% sensitivity and specificity of the pooled
PCR. The benefits of pooling are also associated with the
number of samples that can be included in an individual
pool. Some laboratories may suggest smaller pool sizes
due to concerns about sensitivity.2®?! The disadvantage
of pooled sera is the cost of labor associated with sample
collection, so there has been interest in testing pooled
ear notches using PCR. Pooled ear notches have been
reported as a sensitive method of detecting persistently
infected cattle and this testing is currently offered by
several laboratories.!®!! The approach is relatively new,
and unpublished accounts suggest some laboratories have
been unable to consistently detect the presence of BVDV
in pools. Therefore, until more published studies are avail-
able it would be best to work directly with the veterinary
laboratory and inquire about protocols used to assess the
pooling process. Pooled assays should be assessed using
blinded field samples as well as laboratory created pools.

Who Would Be Tested in a
Surveillance Program?

There are three approaches to animals tested in a
surveillance program: 1) the whole herd, 2) a random
sample of the herd, and 3) a risk-based sample of the
herd. Further, the choice of study population is inter-
twined with the choice of sample and test, as some
samples, tests and units of concern are only applicable to
some subsets. A whole- herd test as a surveillance pro-
gram could be based on individual tests or pooled PCR
on sera. For example, a surveillance program could ini-
tially test all animals on the herd in pools: suckling calves,

cows without tested calves, heifers and bulls. In subse-

quent years, only animals that are new to the herd (pur-
chased bulls, replacement heifers and cows) and calves
need to be included in the sample. Another option is indi-
vidual testing of all animals as described above using
IHC or ACE. Testing the whole population increases the
herd level sensitivity of the surveillance program, but
also increases the cost of the surveillance program.

In veterinary surveillance, many programs are

based on a random sample of the population. This might
be thought of as statistical surveillance: testing based on
the probability of detecting an animal positive, based on
the prevalence of positive animals in the herd. Using
commonly available tables, the number of animals to be
sampled based on an expected prevalence, sensitivity and
specificity and desired level of confidence are deter-
mined.® Surveillance systems based on random sampling,
however, are only ideal when the outcome being mea-
sured is common and there is no information on the epi-
demiology of the disease or risk factors for exposure. As
the presence of infection with BVDV (i.e., the presence of
antigen) is a rare event in most herds ( < 1%), a ran-
domly based program would require testing of all ani-
mals, and therefore is not sensible. Random sampling
surveillance could be used in herds without vaccines to
detect antibodies which should be common post-exposure,
however, this is not recommended as vaccination is an
integral part of the BVDV control program in the USA
and would interfere with interpretation of the data.?

Finally, risk-based surveillance systems may be used
solely or combined with a whole-herd program described
above. A risk-based surveillance program is based on the
epidemiology of the disease. A risk-based system should
utilize samples collected from those animals most likely
to have BVDV if present in the herd, to maximize the
sensitivity of the program. For many herds, a risk-based
system would collect samples from all neonatal and post-
natal deaths, ill neonates, as well as abortions. Further,
during unusual outbreaks of disease in young animals,
samples should be collected and tested routinely. Obvi-
ously the combination of a risk-based surveillance pro-
gram and routine whole-herd programs are more effective
at detecting the introduction of BVDV, and more expen-
sive.

Collection of samples for risk-based surveillance
should be routine and convenient. Producers could be
instructed to collect a skin sample from all dead animals.
Although not ideal, these could be stored in a freezer until
the next veterinary visit or sufficient samples have been
collected, and then submitted to the laboratory. Again,
although not ideal the samples can be stored in a freezer
until submission is convenient.

Timing of Sample Collection

Timing of risk-based surveillance samples is not an
issue, as samples would be collected as cases occur. How-
ever, collection of whole herd samples or subgroup
samples from well animals should be timed to occur in a
window of opportunity that would allow animals to be
removed from the herd before breeding occurs, i.e. collect
samples from calves as born, and open cows that do not
calve, replacement heifers and bulls before breeding be-
gins. A sensitive, but more expensive, surveillance pro-
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gram could collect samples from all calves at birth and
open cows. Another subgroup that could be targeted is
calves at weaning, when it is convenient to collect ear
notch samples. However, because persistently infected
calves may have lived long enough to transmit the virus
to pregnant cows but died before weaning, this approach
will not be as sensitive as testing calves at birth.

Obviously, a large number of herds do not have a
window of time when no pregnant animals are in the
herd, due to extended breeding seasons or distinct fall
and spring calving seasons. In these herds, the same
animals should be included in the program. However, this
program will be less effective at detecting a BVDV incur-
sion, as pregnant animals may be present and harboring
the disease.

Conclusions

Given the incomplete nature of some BVDV control
programs and the possibility of reintroduction of BVDYV,
herds diagnosed with the disease should adopt a BVDV
surveillance system as well as a comprehensive
biocontainment and biosecurity program after disease
eradication. To design a BVDV surveillance program,
veterinarians need to work with producers on the costs
and benefits of the program. When designing a program
consider the impact of the tests, the population tested
and the timing of testing on the sensitivity of the surveil-
lance program.
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