J. Dairy Sci. 90:5428-5438
doi:10.3168/jds.2007-0258
© American Dairy Science Association, 2007,

Economic Effects of Exposure to Bovine Viral Diarrhea Virus

on Dairy Herds in New Zealand

C. Heuer,*' A. Healy,t and C. Zerbini*

*EpiCentre, Institute of Veterinary, Animal and Biomedical Sciences, Massey University, New Zealand

tFaculty of Veterinary Sciences, University of Dublin, Ireland

ABSTRACT

The economic loss to dairy farmers associated with
bovine viral diarrhea virus (BVDV) is believed to be
high in New Zealand, but no estimates are yet available.
The aim was therefore to estimate the economic loss
associated with BVDV in dairy herds in New Zealand.
Bulk tank milk (BTM) from a random sample of 590
herds from the Northland, Bay of Plenty, and Waikato
regions was tested for antibody against BVDV. The
inhibition percentage (sample to positive ratio), based
on a threshold validated in an earlier study, was used to
indicate herd-level infection. Herd reproductive indices,
herd lactation-average somatic cell counts, and herd
average production of milk solids were regressed on
BTM inhibition percentage. Herd averages of the over-
all annual culling rate, the rate of culling because of
failure to conceive, the proportion of physiological inter-
service intervals, the first-service conception rate, the
pregnancy rate at the end of mating, and somatic cell
counts were not associated with BVDV antibody in
BTM. Abortion rates, rates of calving induction, the
time from calving to conception, and the number of
services per conception increased, however, whereas
milk production decreased with increasing BVDV anti-
body in BTM. The results indicated significant repro-
ductive and production loss associated with the amount
of BVDV antibody in BTM. Total loss attributable to
infection with BVDV was similar to reports from other
countries and estimated as NZ$87 per cow and year in
affected herds, and NZ$44.5 million per year for the
New Zealand dairy industry based on an estimated
14.6% affected herds. The loss estimate excludes added
cost and negative consequences with respect to animal
welfare attributable to increased induction rates, and
a greater incidence of production disease because of
BVD-induced immune suppression.
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INTRODUCTION

Bovine viral diarrhea virus (BVDV) is considered a
worldwide pathogen with moderate to high prevalence
of both exposed herds and seropositive animals within
herds (Reinhardt et al., 1990; Niskanen et al., 1991;
Houe et al., 1995; Houe, 1999). A 15% prevalence of
dairy herds with persistently infected (PI) animals was
recently reported in New Zealand (Thobokwe et al.,
2004). Infection may be subclinical in many instances.
Exposure of naive pregnant animals to BVDV can lead
to early embryo or fetal mortality, abortion, mummifi-
cation, PI animals (that may subsequently die from
mucosal disease), and calves with congenital defects,
poor growth rates, and increased age at first calving
(Valle et al., 2001). The outcome of exposure is depen-
dent upon the stage of gestation when infection occurs
(MeGowan et al., 1993a; Moening and Leiss, 1895}, The
economic cost of BVDV can vary greatly from herd to
herd depending on the initial herd immunity, strain of
infecting virus, and stage of the breeding cycle when
infection occurs. At the population level, losses are esti-
mated at USS10 to 857 million per 1 million calvings
(Houe et al., 1993a,b; Houe, 1999).

An initial estimation of BVDV infection status of the
herd can be made using a bulk tank milk (BTM) sample
(Bitsch and Rensholt, 1995). Good correlation exists
between seroprevalence and BTM antibody concentra-
tions (Niskanen, 1993). A strong association between
seroprevalence in the herd and the likelihood of a PI
being present has also been demonstrated (Houe and
Meyling, 1991). To relate BTM inhibition percentages
(%INH) to the likelihood of the presence of PI animals
currently in the herd, spot testing of young stock at 6
to 18 mo of age (after maternal antibodies have waned)
provided a reliable indication of current infection and
the likely presence of a PI animal in the herd (Houe
and Palfi, 1993; Houe, 1994; Bitsch and Rensholt, 1995).
After sampling a subset of young stock in dairy herds,
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receiver operator characteristic (ROC) analysis sug-
gested an optimal cut-off for BTM of 80%INH, giving
81.2% sensitivity and 91.2% specificity for the detection
of PI animals in a New Zealand study (Thobokwe et
al., 2004).

Several authors have examined reproductive perfor-
mance in association with BVDV status either at the
individual animal level using serum antibody status
(Houe et al., 1993a; Larsson et al., 1994: Riifenacht et
al., 2001), or at the herd level using 2 or more BTM
samples at intervals of 4 to 18 mo to determine the
herd BVDV status (Fredriksen et al., 1998; Valle et al.,
2001; Robert et al., 2004). With the exception of an
increased risk of abortion, which was most frequently
associated with BVDV infection (Larsson et al., 1994;
Fredriksen et al., 1998; Riifenacht et al., 2001), the
studies mentioned have given rise to conflicting results.
This is not surprising considering the differences in
study design, power, classification of BVDV status, and
method of analysis. Although a decreased conception
rate has been reported (Houe et al., 1993a; Larsson et
al., 1994), other studies failed to demonstrate negative
effects of BVDV on return rates, number of insemina-
tions per cow, and calving intervals (Fredriksen et al.,
1998; Rufenacht et al., 2001; Valle et al., 2001). Robert
et al. (2004) reported an increased risk of late returns
{(>25 d) in BVDV-infected herds, but did not observe an
association between the rate of 3-wk returns and herd
BVDV status.

The primary aim of this study was to identify poten-
tial reproductive and production loss in BVDV-infected
herds in New Zealand, as determined by a single BTM
sample. This study also aimed to explore the association
between BVDV status and cull rate related to infertil-
ity, for which data are lacking. Most of the epidemiologi-
cal studies previously referred to in this introduction
were based in Europe. The small size of European study
herds (12 to 26 cows! (Riifenacht et al., 2001; Valle et
al,, 2001; Robert et al., 2004) and their management
(housing, concentrate feeding, less strict seasonal calv-
ing) is considerably different from the average dairy
herd in New Zealand. The impact of BVDV infection
might therefore vary, as might the ability to detect its
effects in herds.

MATERIALS AND METHODS
Herds and Animals

Data used in this study originated from a study con-
ducted in 2002 to evaluate the predictive value of BVDV
antibodies in BTM for 724 dairy herds; data collection
methods were described in that article (Thobokwe et
al., 2004). Briefly, a simple random sample of 800 herds
was targeted from a population of dairy herds in the
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North Island of New Zealand. A total of 724 randomly
sampled herds was available for BVDV BTM antibody
testing in March 2002. To validate the BTM results,
they were compared with the BVD herd status based
on a spot check of 12-mo-old calves. The earlier study
(Thobokwe et al., 2004) compared the antibody status
of 15 randomly selected calves from 50 herds with the
BTM results, which resulted in a cut-off point of
=80%INH BVDV antibody in BTM indicating herd in-
fection status. For the current study, information on
individual reproductive and milk production perfor-
mance of cows was available from the Livestock Im-
provement Corporation (LIC) database (LIC, Private
Bag 3016, Hamilton, New Zealand) and was compared
with that cut-off point.

Data Validation

Available herd information from 632 herds (267,171
cows) was downloaded from the LIC database and vali-
dated using Access (Microsoft Corp., Redmond, WA), In
total, 2,316 cows from 3 herds were initially excluded
from the database for the following reasons: 84 cows
had duplicate entries (same lifetime identification and
same herd code) but were listed with a different exit
reason; a further 1,640 cows were allocated to 2 differ-
ent herds with 2 different results from the bulk tank
milk testing; and 592 animals were allocated to 2 differ-
ent herds at the same time with different BTM test
results, and thus were regarded as entry errors.

Only animals with calving dates from June 1, 2001,
to March 31, 2003 (590 herds, 185,050 animals) and
mating dates from September 1, 2001 to May 31, 2002
(587 herds, 146,038 animals) were included in this
study. These periods included the date of BVDYV BTM
antibody test in March 2002.

Response Variables

The following variables of interest were calculated
as herd-level averages during the 2001-2002 season:
annual pregnancy rate, first-service conception rate,
calving-to-conception interval, annual abortion rate,
overall annual culling rate, annual culling rate because
of infertility, proportion physiological service intervals,
and milk solids produced per day adjusted for lactation
stage and parity.

Pregnancy Rate, First-Service Conception Rate,
Calving-to-Conception Interval, Abortion Rate,
Induction Rate, and Culling Rate. The calculation
of the performance indicators required cows with com-
plete records of calving and mating dates in 2001-2002
as well as calving or removal dates of the subsequent
season, 2002-2003. There were 571/590 herds (96.8%)
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left with complete information to calculate pregnancy
rate, first-service conception rate, and calving-to-con-
ception interval, 570/590 herds (96.6%) to calculate cull-
ing rates, and 565/590 herds (95.8%) for abortion and
induction rates.

The gestation period was calculated as the difference
between the last mating date in the 2001-2002 season
and the calving date in the subsequent season. A key
was derived that defined the pregnancy status (yes/no),
first-service conception (yes/no), and the time between
calving and conception for each animal. If no informa-
tion about the pregnancy outcome was stated in the
LIC database, a gestation period of 270 to300 d was
considered as “normal,” a gestation period of 220 to 269
d as “induced,” and a gestation period of 63 to 219 d
as “abortion.”

Cows with those gestation periods were assumed to
have conceived after first mating if they only had one
mating in that season; otherwise, first-service concep-
tion was assumed unsuccessful. In addition to cows
with normal gestation periods, a successful first-service
conception was recorded for animals in which an induc-
tion or abortion was stated in the database and that
had a gestation period of <330 d or <250 d, respectively,
and only one service. Animals without information
about calving dates of the subsequent season were con-
sidered nonpregnant if they were culled or sold because
of infertility. If any other reason than infertility was
stated in the records of such cows, they were excluded
from the analysis of first-service conception rates.

The calving-to-conception interval was calculated as
the difference between the calving date and the last
mating date in the season 2001-2002. For animals with
gestation periods longer than 300 d and no stated preg-
nancy outcome, we aszumed another mating date 21 d
after the recorded mating and calculated the calving-
to-conception interval using that date.

Proportion Physiological Service Intervals. Only
the interval between the first and second service was
considered because later intervals were regarded as
unreliable because of possible hormonal treatment or
interference with natural services in the later part of
the mating period. Cows without repeated service were
excluded from this analysis. Finally, 458/590 herds
(79.0%) had complete herd and mating information to
calculate their proportion physiological service in-
tervals.

Service intervals of 18 to 24 and 38 to46 d between
the first 2 services were defined as physiological, inter-
vals of 25 to 37 or >46 d were defined as nonphysiologi-
cal. Intervals <18 d were excluded from the analysis
because of the possibility of hormonal treatment or re-
peated AI within the same, possibly extended, estrus
event.

Journal of Dairy Science Vol. 90 No. 12, 2007

HEUER ET AL.

Milk Production and SCC. There were 541/590
(91.7%) herds with complete information on milk test
data performed from June 2001 through June 2002.
A lactation model was developed to compute a milk
production parameter that was comparable between
herds using Wood’s equation (Wood, 1976). The model
standardized milk production on 4.5% milk fat and 3.2%
protein. The model equation was

FPCM 'rkg;"[dJ - expintercept +b % InDIM+c x DIM+d = age

where FPCM = milk volume x percentage fat/4.5 x per-
centage protein/3.2; a, b, ¢, and d were regression coeffi-
cients calculated for each herd; In = natural logarithm;
and age was years from birth to test date. Estimated
mean values were generated for each herd for a 3-yr-
old cow being 100 d in milk (age = 3, DIM = 100}
One herd was excluded because of an unlikely high
mean value.

Individual SCC were transformed by natural loga-
rithm and averaged at the herd level.

Statistical Analysis

Herd BVDV antibody (%INH) was the main risk vari-
able of interest. For categorical analysis, it was con-
verted to an ordinal scale with <40%INH classified as
BVDV antibody class 1, 41 to 50%INH as class 2, 51 to
60%INH as class 3, 61 to 70%INH as class 4, 71 to
80%INH as class 5, and >80%INH as class 6. Mean,
standard deviation, median, and 95% confidence inter-
vals were used to describe the response variables.

The relationship between the response of interest and
herd BVDV antibody %INH was assessed using multi-
variate regression models. Herd size, breed types, and
region were included in the model as covariates to con-
trol for confounding effects associated with these vari-
ables. Average age was excluded because it was likely
related to the herd replacement rate, which could be
affected by BVDV infection status, and thus absorb
some of the variability in the response that was actually
associated with BVDV. The model was

Y = a + %INH + Herdsize + HF + JF + CR + Region

where Y was the response variable (pregnancy rate,
first-service conception rate, calving-conception inter-
val, abortion rate, induction rate, proportion physiologi-
cal service intervals, culling rate, standard milk per
day, logSCC}; o was the intercept; %INH was either
the inhibition percentage or the BVDV antibody class
(1 to 6), herdsize was the number of recorded calvings
in the season 2001-2002; HF, JF and CR were the
proportions of breed type in each herd (HF = Holstein-
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Friesian, JF = Jersey-Friesian, CR = crossbreed). Re-
gion was a categorical variable for the location of herds
{Northland, Bay of Plenty, and Waikato).

Adjusted means (geometric means for SCC) and con-
fidence intervals were computed as least square means
(LSM) and compared between each of the 6 groups of
BTM antibody against BVDV (%INH) using the method
of Hsu and Nelson (1998) to correct for multiple compar-
isons in GLM.

For response variables measured as a proportion,
herds including less than 30 cows were not included
in the calculations for 2 reasons: 1) to adjust for the
relatively large uncertainty about mean proportions
based on a low group size, and 2) to remove herds with
potential selection bias if only a small fraction of cows
was included in the mean estimate, inferring that the
mean may not be representing the true herd average.

Plots of residuals vs. predicted values of all models
were examined for consistency with assumptions for
regression analysis; that is, normal distribution and
homogeneity of variances. Independence of the study
herds with respect to the performance outcomes was
examined (ratio of residual Pearson y*/degrees of free-
dom error >1); models were adjusted for lack of indepen-
dence using this ratio as a scale parameter (McCullagh
and Nelder, 1989),

Partial Budget

The results of information obtained from the current
study population were combined with data from other
sources to calculate a partial budget estimate for the
production loss of an average dairy cow in a herd with
BTM antibody against BVDV of >80%INH compared
with <B0%INH. The result was extrapolated to the en-
tire dairy herd population in New Zealand based on an
estimated prevalence of herds with Pl animals of 14.6%
(Thobokwe et al., 2004}

The calculations included loss because of extended
calving-to-conception intervals (+2.35 d), a reduction in
milk solids production (—0.074 kg/d for 250 d) adjusted
for less pasture use equivalent to the proportion of lost
production, an increase in the annual abortion rate
(+2.03%), reduced survival to 24 mo, and increased re-
placement rate of PI calves with unobserved BVDV
infection (Voges, 2006). Values of milk solids and live-
stock at different ages and production status were
sourced from various industry Web sites (http:/www.a-
gridata.co.nz/calf-bobby.asp; http:#/
www.agridata.co.nz/cow-dairy.asp; http//www.agrida-
ta.co.nz/Feed.asp; www.ifendairy.org/specialstudies/
2005/2005-07.pdf). The price of a replacement heifer
($1,200) was discounted by the average value of a cull
cow ($324). The value of a calf at 100 kg was discounted
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by the daily grazing cost for calves ($0.9/d for 120 d),
setting other maintenance costs to $0.1/d. The cost of
nonproductive pasture days by nonpregnant, dry cows
was assumed to be 120 dry-days x $2.4/d x 2.03% extra
abortions. The cost of larger induction rates on affected
farms was calculated as half the net benefit of calves
at 100 kg of BW, assuming that half of all inductions
would lead to a calf born dead.

The calculations included a proportion of 1.33% PI
calves in an average affected herd (Voges, 2006). This
estimate was derived from a cohort of 904 reared heifers
from 300 herds, 12 of which were PI. In seasonal mating
herds (about 92% of New Zealand herds), the real pro-
portion of PI in an affected herd will often be much
larger if susceptible cows are exposed to PI animals
during the mating period of approximately 2 mo. The
percentage PI in affected herds therefore varied from
1 to 10% in a sensitivity analysis. The calculation of
loss among PI animals included shorter survival up to
2 yr of age and a 5.6-times increased culling rate of PI
cows entering the lactating herd (Voges, 2006).

Not considered in the loss estimate was additional
health cost because of disease in calves and adult cows
(Fourichon et al., 2005).

To include uncertainty in the calculation of the par-
tial budget estimate caused by the cumulative variation
of all input parameters, a stochastic simulation using
Latin Hypercube sampling with 10,000 iterations was
performed in @Risk (Palisade Corporation, 2005). Un-
certainty about the input variables was specified as
standard deviation for normally distributed variables
and as minimum, most likely, and maximum values for
variables assumed to be pert-distributed. The result
was displayed as a cumulative distribution and 5th to
95th percentile of the average annual loss per 251-cow
herd. Moreover, standard regression coefficients were
computed from a multifactorial regression of the out-
come (annual losg per herd’ on all input variables to
compare the relative impact of thezse variables on the
loss estimate (sensitivity analysis].

RESULTS
Descriptive Resulls

The number of herds excluded from the analysis was
largest for the rate of physiological service intervals
(132/590, 21.0%); for all other variables, more than 88%
of herds were included. The number of herds, range
of herd size, and descriptive statistics of all response
variables are shown in Table 1. Half of all herds did
not report any abortions and half did not report any
inductions (indicated by a median of zero).

Most response variables were normally distributed,
as indicated by means and medians being very similar
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Table 1, Herd averages of reproductive and production performance indicators in a sample of 5380 randomly
selected dairy herds from Northiand, Waikato, and Bay of Plenty, New Zealand

Herds,

Responsze variables n Mean SD Median 95% CI!
Rate of physiological service intervals® (%) 458 91.12 5.77 91.54 90.59-91.65
First-service conception rate (%) 546 53.1 10.5 53.8 52.2-54.0
Number of services per conception 565 1.40 0.24 1.37 1.38-1.42
Calving-to-conception interval (d) 518 87.7 6.6 87.2 87.1-88.2
Annual pregnancy rate (%) 538 93.8 4.5 84.2 93.4-94.2
Annual abortion rate (%] 552 2.58 5.18 0.00 1.89-3.27
Annual induction rate (%} 559 0.19 0.99 0.00 0.10-0.27
Annual culling rate (nonconception) (%) 457 9.1 6.4 8.5 8.5-9.6
Ovwverall annual culling rate () 558 23.1 9.9 24.5 22.3-23.9
Geometric mean SCC? 534 51.9 NA 52.1 46.9-57 .4
Average milk production® (kg/d} 522 17.3 2.9 17.3 17.0-17.5

1CI = confidence interval,

2 L . _—
“Insemination dates were nnavailable from a significant number of large herds.

3Geometric mean adjusted “or age and DIM x 1,000.

‘Adjusted for age, DIM, and 4.5% fat and 3.2% protein.

{Table 1). Even though the annual rates of abortion and
induction were obviously not normally distributed, the
model residuals had a normal distribution and their
variances were homogeneous across the range of pre-
dicted values.

Association Between Production Loss and BTM
Antibody Concentration

Least square means (+SE) for each of the 6 BVDV
BTM antibody classes adjusted for herd size, region,
and breed composition are shown in Table 2. Not all
performance indicators were associated with the con-
centration of BVDV antibody in BTM. For example, the

first-service conception rate, the rate of physiclogical
service intervals, the number of services per conception,
the annual pregnancy rate, the geometric herd average
SCC, the overall culling rate, and the culling rate on
account of conception failure were not associated.

The time from calving to conception, however, in-
creased significantly leading to an approximate in-
crease of 2.35 (SEM 0.88) d to conception (Figure 1).
This was calculated as the mean for herds with
>80%INH minus the mean for all other groups. Abor-
tion rates were 1.63% (SE 0.76%) to 1.85% (SE 0.85%)
when the concentration of BVDV antibody in BTM was
<60%INH and 3.36% (SE 1.02%) to 4.42% (SE 0.80%)
when >60%INH (Table 2). Thig cut-off point for ZINH

Table 2. Adjusted means + SE for each responze variable within bovine viral diarrhea virus iBVDV) bulk tank millk {BTA ! antibody class

BVDV antibody in BTM (% inhihition!

Response variable n =40 41 to 30 51 to 6O 61 to 70 71 to B0 =80

Rate of physiclogical service intervals (7 463 902 £ 090 905 + 0,70 908 +£ .60 910 £ 0.60 923 + 0.60 905 = 0.80
First-service conception rate! 1% 844 535 £ 150 549 + 110 538 + 1.00 523 £ 1.00 529 + 100 523 = 1.30
Number of services per conception 560 1.38 + 0,03 138 £ 002 1.38 £ 0.02 1.39 + 0.02 1.38 + .02 1.41 = 0.03
Calving-to-conception interval® (d} 518 875 4+ 090 872 £ 070 880 + 0.60 867 + 0.60 B850 + 0.70 889 = 0.80
Annual pregnancy rate (%) 538 93.2 + 060 945 + 050 93.7 +£ 0.40 932 + 040 93.9 + 040 94.2 + 0.60
Annual abortion rate (91 550 1.73 + 1.15 1.85 + 0.856 1.63 + 0.76 3.37 + 044 4.42 + 0.80 3.36 + 1.02
Annual induction rate (%) 552 0.01 £ 0.13 017 £ 0.10 0.20 + 0.09 012 £ 0.09 0.04 + 0.09 044 £ 0.12
Annual culling rate due to nonconception (%1 557 9.5 = 080 85 = 0.70 102 = 0.60 9.2 + 060 9.0 £ 060 82 + 0.80
Overall annual culling rate (%} 558 234 + 140 23.7 £ 1.00 242 £ 090 232 = 090 21.8 = 1.00 236 £ 1.20
Mean SCC 509 508 + 174 535 + 128 563 = 122 605 = 137 440 = 103 57.9 £ 17.2
Adjusted production of standard milk® (kg/d} 522 168 = 040 17.1 + 0.30 17.2 = 020 17.0 £ 030 175 = 0.30 16.2 + 0.30

1Group 41-50%INH tended to have a greater first-service
0.12).

conception rate than group 61-70%INH (P = 0.07) and group >80%INH; P =

*Group >80%INH had significantly longer calving-to-conception intervals than groups <40%INH (P = 0.05), 41-50%INH (P = 0.01), 51—
60%INH (P = 0.07), 61-70%INH (P = 0.003), and 71-80%INH (P = 0.08).

3Group >60%INH had, on average, 2.03% higher abortion rates than the average of groups <80%INH (P = 0.004),
Least squares mean + difference to upper 95% confidence limit of the geometric mean,
SAdjusted for DIM and 4.5% fat and 3.2% protein; production in group >80%INH was, on average, 1 kg/d lower than each mean of groups

41-T0%INH (P < 0,.05).
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Figure 1. Interval from calving to conception in relation to percentage inhibition of bovine viral diarrhea virus (BVDV) antibody (%
inhibition, %INH] in bulk tank milk (estimated values with polynomial trendline} adjusted for herd size, region, and breed composition

{518 randomly selected herds).

was therefore chosen to estimate the effect of BVDV
on abortion but only considered for herds with BTM
antibody >80%INH in the partial budget. The increase
in the high BTM antibody group was 2.03% (SE 0.69%).
The rate of inductions, which were reported to LIC,
was substantially larger (0.44%; SE 0.12%) in highly
exposed farms (>80%INH) than in all other farms
(0.12%; SE 0.05%). The fact that overall induction rates
were generally low was very likely caused by a low
reporting rate.

Milk production was 0.99 kg/d (SE 0.34 kg/d) less in
herds with >80%INH of BVDV antibody in BTM than
in herds with <80%INH (Figure 2. This was equivalent
to 0.074 kg of milk solids per day and 5.8% of total pro-
duction.

Partial Budget

Table 3 translates the adverse effects of a high BVDV
antibody concentration in BTM observed in this study
to gross economic loss in affected herds (>80%INH vs.
<80%INH) and extrapolates this estimate to the level
of the dairy industry of New Zealand. For an average
herd with 251 cows, the largest annual loss component
in affected herds was the decline in milk production
(NZ$10,516), followed by increased abortions
(NZ$5,935), increased time to conception (NZ$3,369),
loss among PI animals (NZ$1,660), and calf loss as a
consequence of abortion or induction (NZ$441). This
summed to a total annual loss of about NZ$21,921 per
year for a herd with 251 cows affected by BVDV, with
a 90% credible interval of NZ$17,959 to NZ$29,666 (Fig-

ure 3). Given that 14.6% of all herds in the 3 study
regions had BVDV antibody concentrations of
>80%INH, and if it is assumed that this is similar in
all regions of New Zealand, the estimated loss to the
dairy industry in New Zealand amounts to approxi-
mately NZ$44.5 million every year (credible interval of
NZ$32.3 to NZ$65.1 million).

Not surprisingly, the proportion of highly exposed
herds in the population (>80%INH) had the strongest
impact on total industry loss. The sensitivity analysis,
however, also revealed that the proportion of Pl animals
in an affected herd was the factor with the second high-
est impact on total loss (Table 4). This was related to
the large uncertainty (1 to 10%} assumed for this vari-
able for reazons mentioned previously. A change in the
proportion PI from 1.3 to 2.7% increased the total loss
by 7%. In order of relative impact, the proportion Pl
was followed by the farmgate price for milk solids, the
effect of BVDV exposure on milk production, increased
abortions, herd average milk production, the cost per
pasture-day, and the cost of replacement heifers. All
other factors had relatively little impact on the loss es-
timate.

DISCUSSION

This study derives its strength from the inclusion of
a large number of randomly selected herds representa-
tive of dairy producers in the Waikato, Bay of Plenty,
and Northland regions of New Zealand. Assuming that
the BVDV prevalence is similar in other regions, the
results may be valid for the entire country. Herd aver-
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Figure 2, Herd average production {dots + polynomial trend line} of solids-adjusted milk (kg/d) of 522 dairy herds by increasing (BVDV)

antibody (5 inhibition, %INH} in bulk tank milk.

ages shown in Table 1 may be regarded as typical for
the New Zealand dairy industry. Reporting bias may
have existed, however, because the data were extracted
from the LIC database. The bias may particularly affect
abortion and induction rates because farmers are un-
likely to observe and report such events accurately.

Induction rates in particular were far below expecta-
tion. Abortion rates, however, were mainly derived from
the presence or absence of dates of subsequent calving,
and the mean rate of 2.6% was similar to that in an
earlier report (Thobokwe and Heuer, 2004). Although
the reported induction rates may be grossly underesti-

Table 3. Partial budget for the estimated loss for an affected herd and for the New Zealand dairy population!

Economic trait Caleulation® Cost (NZ3:
Fertility loss 2.4 dfeow to coneeption » 1.37 kg of solids/d = 54.05/kg of milk solids = 251 cows 3.368
Production loss 0.0736 kg of solids = 250-d lactation = 54,05 x 251 cows 18,705
Saved pasture 5.4% lost production = 2530 d on pasture = 32 4/pasture-day = 251 cows 1—18,158
Abortion loss 2.03% abortion x (8876 cow replacement +120 d nonproductive pasture = $2.401 5.935
% 251 cows
Calf 2.08% calves aborted x $80 net calf value x 251 cows 407
Induction 0.33% extra induction x 50% calf loss x $80 net calf value (rev-cost at 100 kg 34
of BW) x 251 cows
Persistently infected (PI)
Loss 0 to 2 yr 1.33% PI x (25% mortality to 2 yr) x 8317 net value at 2 yr / 2 yr x 251 cows 133
Extra culling 1.33% PI x 75% survival to 2 yr x 69% extra cull rate x 3876 cow replacement 1,527
» 251 cows
Annual loss (affected herd) Sum of component cost 21,921
Annual loss per cow (affected herd) $21,921/251 87
Prevalence of affected herds? 0.146
Herds affected 13,892 x 0.146 = 2,028
Annual loss (any herd} $21,921 x 0.146 3,200
Total industry loss 2,028 x $21,921 44,460,874

!Assuming 251 cowstherd, 13,892 herds, 1.36 kg of milk solids/cow per day sold for $4.05 per kg Livestock Improvement Corporation

dairy statistics 2000-2001.
“Thobokwe et al. (2004).

"Differences between calculations and results are due to rounding errors.
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Figure 3, Cumulative distribution (line) and 90% credible interval
of 10,000 simulations (box) of the estimated annual loss of an affected
herd (251 cows) due to high expesure to BVDV.

mated, it was unlikely that the rate of underreporting
correlated with BTM antibody to BVDV; hence, we be-
lieve that the observed association between induction
rates and BTM antibody to BVDV was valid.

Using herd averages for both, the extent of exposure
to BYDV and performance parameters combined with
estimated economic loss requires that the implied
causal associations observed at the herd level were also
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true at the animal level. The analysis of this study used
data from observations at the herd level, thus we cannot
prove that the same associations existed at animal
level. The same constraint applies to several studies in
which the BVDV status and the economic response have
also been defined at the herd level (Fredriksen et al.,
1998; Valle et al., 2001; Robert et al., 2004). As long as
the BVDV status is defined at the herd level, any analy-
sis may be prone to ecologic fallacy; that is, the inference
from group- to individual-level associations. The benefit
of carrying out analysis at the herd level, however, is
that data can be obtained from a subset of the reference
population thus allowing inference for the dairy indus-
try at reasonable cost. Because it was the primary objec-
tive of this study to estimate industry-wide losses asso-
ciated with BVDV in dairy herds in New Zealand, we
decided to use a herd-level analysis to provide initial
estimates of loss associated with BVDV to be refined
by animal-level investigations later. We believe that
our results were especially credible for those response
variables that showed a trend effect of decreasing per-
formance with increasing BTM %INH.

The results clearly showed that the BVDV antibody
concentrations of BTM correlated with reproductive
and production performance, and these associations
have also been shown to exist at animal level by other
workers mentioned earlier, Thus, it seems highly un-

Table 4. Means and assumed variability of partial budget components and result of the sensitivity analysis estimating the relative impact
(standardized regression coefficient) of economic loss for the dairy industry due to exposure ta bovine viral diarrhea virus (BYDV! indicated

by >80% inhibition (%INH) in bulk tank milk (regression R? = 0.98)

Standardized
Most regression

Partial budget component Distribution Mean SD Minimum likely Maximum coefficient
Prevalence of herds =30%INH BVDV antibody Pert 0.080 0.145 0.200 0.651
Proportion persistently infected (P11 in the herd  Pert 0.010 0.013 0.100 0.334
Farmgate price/kg of milk solid | NZ8: Normal 4.05 0.25 0.278
Production loss thg of solids/cow per d) Pert 0.050 0.074 0.097 0.257
Extra abortion incidence (%1 Pert 1.000 2,024 3.060 0.247
Average milk =olids/cow per d tkgicow per di Normal 1.37 0.10 .229
Cost per pasture-day INZ3) Normal 2.43 0.40 -0.228
Cost for a replacement heifer (NZS) Normal 1,200 120 0.207
Average lactation length (d) Normal 250 20 0.170
Extra pasture days of aborting cows (d) Normal 120 40 0.103
Revenue per cull cow (NZ$) Normal 324 32 -0.057
Survival of PI animals to 24 mo Pert 0.500 0.750 1.000 0.056
Cull rate of PI cows Pert 0.700 (0.844 1.000 0.052
Increased calving to conception interval (d) Pert 2.000 2,420 2.840 0.047
Average herd culling rate Pert 0.100 0.150 0.300 -0.035
Value of a calf at 100 kg of BW (NZ$) Normal 200 20 0.022
Cost for calf at 100 kg of BW (NZ$) Normal 120 12 -0.012
Revenue — cost for heifer rearing (24 mo) (NZ$)  Pert 265 317 370 0.005
Average herd size, n Normal 251 50 0
Solids in standard milk (%) Normal 8.00 0.50 ]
Rearing cost for a replacement heifer (NZ$) Normal 302 30 0
Culling rate of normal cows' Pert 0.060 0.080 0.100 0
Culling rate P! Pert 0.400 0.450 0.500 0
Extra induction incidence (%) Pert 0.100 0.332 1.000 0

Woges, 2006.
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likely that a strong ecologic fallacy biased the results of
this study. The group of herds with >80%INH exhibited
poor performance. This was the group that showed a
close relationship between BTM antibody and antibody
prevalence in calf mobs (i.e., spot-check) with 81% sen-
sitivity and 91% specificity (Thobokwe et al., 2004). The
spot-check is a recognized method to determine whether
one or more PI animals are likely to be present in the
milking herd (Houe and Palfi, 1993; Houe, 1994; Bitsch
and Rgnsholt, 1995). Nevertheless, misclassification of
the BVDV herd status based on a single antibody test
in BTM remained a concern. At a relatively low preva-
lence of actively infected herds, the consequence of a
BTM test with the given sensitivity and specificity
would be an overestimate of true herd prevalence. This
bias, however, was probably small and, combined with
a likely underestimate of the economic effects (e.g., at-
tributable to excluding effects of BVDV on clinical dis-
ease incidence), the resulting bias on economic conse-
quences of BVDV at population level was probably
very small.

The rate of physiological service intervals was ana-
lyzed because BVDV is known to cause early embryonic
death leading to a return to estrus (McGowan et al.,
1993b), but cur data did not show an association with
BVDV antibody in BTM, possibly because such an effect
was too rare to be significant at the population level.
The first-service conception rate was expected to de-
crease with increasing BVDV antibody because in vivo
studies have demonstrated fertilization failure to be a
primary cause of reduced conception rates (Grahn etal.,
1984). We did not observe this effect, possibly because of
the small proportion of the herd being infected at the
time of fertilization. The annual pregnancy rate is the
result of reproductive performance and culling, and it
involves repeat breeding. All of these factors contribute
to the final reproductive outcome; thus, a BVDV effect
was unlikely associated significantly with the overall
annual pregnancy rate. Similarly, culling rates were
unaffected because only about 40% of the cull cows were
removed due to reproductive failure. Similarly, crude
culling risk was not increased in BVDV-infected herds
in Norway (Valle et al., 2001). Immune suppression
leading to decreased neutrophil function in peripartur-
ient disorders such as mastitis in cows (Cai et al., 1994)
was hypothesized, but not substantiated, by the data.
In earlier studies, increasing or persistently high bulk-
tank BVDV status has been associated with an in-
creased incidence of clinical mastitis, although no effect
on SCC was observed in this or earlier studies (Niska-
nen et al., 1995; Waage, 2000).

The time from calving to conception increased proba-
bly because of fertilization failure and embryo loss
(Grahn et al., 1984; McGowan et al., 1993a). We ob-
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served increased abortion rates when BVDV antibody
concentrations were greater than 60%INH. Other stud-
ies also found an increased number of abortions in herds
experiencing natural infection with BVDV (Barber et
al., 1985; Roeder et al., 1986; Larsson et al., 1994).
Moreover, abortions could be induced by experimental
infection (Casaro et al., 1971; Done et al., 1980). The
association between herd-level BVDV infection status
and abortion rates was therefore not surprising. A delay
in conception may explain why induction rates were
substantially larger in herds with >80%INH of BVDV
antibody in BTM.

A sudden reduction in milk yield has been described
from individual herd disease outbreaks {Barber et al.,
1985; Larsson et al., 1994). Moerman et al. (1994) found
a significant reduction in milk yield experienced in cows
seroconverting to BVDV compared with herd mates
that did not seroconvert. Thus, immune suppression
followed by an increase in clinical mastitis (Cai et al.,
1994) and feed energy used for immune function (both
initiated by BVDV infection) were plausible causes to
explain the observed decline in milk production.

Information on mating dates was scantier than other
performance data and missing from many large herds.
Thus, the estimate of 91.2% physiological service inter-
vals with a standard deviation of 5.7% may be valid for
herds with up to 500 cows, The estimated 1.40 (SE 0.24)
services per conception was probably an underestimate
of the true number of services because more (natural)
services will have occurred than are captured in the
database. The mean induction rate was likely underes-
timated, because herd owners might have been reluc-
tant to report the true number of induced cows to LIC.
All other performance indicators and their standard
deviations seemed to be reasonable estimates for dairy
herds in the 3 study regions.

The final loss estimate based on the partial budget
approach was probably conservative because, first, it
did not include increased incidence of clinical disease
such as calf disease, mastitis, or retained placenta
(Larsson et al., 1994; Niskanen et al., 1995). In French
dairy herds, the inclusion of disease in a partial budget
increased the loss estimates by 10 to 16% (Fourichon
et al., 2005). The generally smaller disease incidence in
New Zealand dairy herds may not affect our estimates
greatly, but including disease would certainly increase
the estimate of loss. Second, the sensitivity analysis
showed that the proportion of PI animals in the herd
had a substantial effect on economic loss based on the
particular uncertainty about this parameter. This was
substantiated by case reports of >10% PI heifers in
a herd (Ellison et al., 2005; Thompson, 2005). Third,
misclassification may have included a number of nonin-
fected herds in the exposed group (>80%INH) and in-
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fected herds in the nonexposed group (0 to 80%INH).
This would reduce the true difference between infected
and noninfected herds. We therefore believe that the
total loss of NZ$44.5 million per 3.48 million dairy cows,
equivalent to NZ$13.7 million per 1 million calvings,
may be an underestimate. It is certainly in the lower
range of loss estimated for the US; that is, US$10 to
US$57 million (Houe et al., 1993a,b: Houe, 1999).
The 2 factors with the greatest impact on this esti-
mate (also the factors about which no reliable informa-
tion exists to date) were the true prevalence of herds
with an active infection and the proportion of PI heifers
and cows in the lactating herd. A 1% increase in the
proportion PI was associated with NZ$1.55-million-
greater loss at the population level; thus, valid esti-
mates of the proportion PI in infected herds would have
substantial impact on the accuracy of total loss.

CONCLUSIONS

Bovine viral diarrhea virus contributed significantly
and substantially to economic loss of dairy herds in
New Zealand in the regions Northland, Waikato, and
Bay of Plenty, attributable to increased abortion rates,
extended calving-to-conception intervals, and reduced
milk production. This effect is likely to be similar in
other regions of New Zealand. Combining uncertainty
of all input parameters, the partial budget for annual
economic loss of New Zealand dairy farmers resulted in
a conservative estimate of NZ$32.3 to NZ$65.1 million,
with a mean of NZ$44.5 million. The estimate was
highly dependent on the prevalence of affected herds
and the proportion of PI animals in the lactating herd;
thus, these parameters require more investigation.
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