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Abstract

This paper offers methods for measuring abortion
risk and undertaking abortion diagnostic investigations.
In addition, some of the associations found between de-
mographic and reproductive features of the dam and
subsequent abortion are described. The cohort life table
method is used to compute risk of fetal loss (abortion)
for pre-defined time intervals (eg. days or weeks) dur-
ing the gestation period, as well as overall proportion of
cows that abort. In contrast, the abortion density
method calculates abortion risk for a defined calendar
time (eg. per month) as the number of abortions per cow-
days-at risk. Both methods are standardized to account
for the changing number of cows at risk of abortion, as
a result of culling, death, abortion, and calving. Thus,
both methods will produce higher and more realistic
estimates for abortion risk than are typically calculated.
These measures and statistical modeling have been used
to estimate the expected magnitude of abortion for dair-
ies (ranging from 8% to 19%) and to identify associa-
tions between demographic or reproductive features of
the dam and subsequent risk of abortion. Some factors
discussed are effects of a previous abortion, dam gra-
vidity and age, days open at time of conception, and sea-
son. Analytic methods also are presented for herd-based
diagnosis of abortion related to infectious agents or other
exposures. These methods permit estimates of the risk,
or proportion, of abortions attributable to exposure to
an infectious agent or to other putative abortifacient
agents.

Introduction

Abortion in dairy cows continues to represent a
significant loss of production efficiency. Risks of abor-
tion for large, intensively managed dairies typically are
believed to range from 8 to 19% of cows confirmed preg-
nant.?*#1® Unfortunately, standardized measures have
not been applied to estimating most rates of abortion or
to investigating abortion problems, which has impaired
our ability to make comparisons within and among herds
and to begin to understand the vagaries and multicausal

nature of abortion in dairy cows. This review illustrates
some methodology for estimating abortion risk in dairy
herds and for undertaking abortion investigations. In
addition, a brief review is provided for demographic fea-
tures of the dam and environmental exposures that may
contribute to abortion risk.

Measuring abortion rates and risk

Two approaches to measuring abortion risk are
presented. One uses a cohort life table that estimates
the cumulative proportion of cows that abort (or fetuses
that die) and the risk of a cow aborting at any specified
time in gestation.>*®” The other approach estimates
abortion risk for a specified calendar time period (eg.
month of December or the year 2003), using methods to
calculate abortion density. Both methods provide a
standardized approach to measuring abortion risk be-
cause each approach adjusts for the changing number
of cows at risk of aborting over the course of gestation
or some other period of time.

Cohort life table method

The cohort life table method will be illustrated
using the fetal life table below (Table 1). The life table
utilizes current herd data to project the overall fetal
survivorship (inverse of the proportion aborting) and
provide estimates of high abortion risk periods during
gestation. Data needed for a fetal survival life table are
obtained for all cows known to be pregnant at some speci-
fied time or period. For example, the table might be
used to measure fetal survival of all cows diagnosed
pregnant in the past year, or of all cows that were preg-
nant during the last year. The following information on
each cow is required to be compiled for the life table: a)
days carried calf (DCC) at time of first pregnancy diag-
nosis; b) DCC at the time fetal death was expected to
have occurred; ¢) DCC when the cow died, was culled,
or was lost-to-follow-up for any reason; and d) DCC when
the cow calved. Although the approach may be referred
to as a fetal life table, generally the method measures
loss of pregnancy between pregnancy diagnosis and calv-
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Table 1. A fetal survival or abortion life table measuring abortion , fetal survival, and risk of abortion for a
hypothetical group of 100 cows. The overall abortion risk is indicated as 1-P, or 1-0.807 = 0.193. Calcu-
lations are carried out to 3 decimals for the purpose of illustration; two significant digits normally suf-
fice.

Interval No. No. No. dying, No. atrisk  Proportion Proportion Risk of Cumulative

(DCC) pregnant aborting  culled, not of aborting aborting not aborting abortion proportion
(1) (n) (a) followed (r) (q) (p) (h) not aborting
(c) (P)
31-65 100 1 2 99 1/99=0.01 1-1/99=0.989 1/98.5=0.010 1.0
66-100 97 4 1 96.5 4/96.5=0.041 1-4/96.5=0.959  4/94.5=0.042 (1x0.989)
= 0.989
101-135 92 3 3 90.5 3/90.5=0.033  1-3/90.5=0.967 3/89= 0.034 (0.989 x 0.959)
= 0.948
136-170 86 5 2 85 5/85=0.059 1-5/85=0.941 5/82.5=0.061 (0.948 x 0.967)
= 0.917
171-205 79 3 2 78 3/78=0.038 1-3/78=0.962 3/76.5= 0.039 (0.917 x 0.941)
= 0.863
206-240 74 2 3 72.5 2/72.5=0.028  1-2/72.5=0.972 2/71.5=0.028 (0.863 x 0.962)
= 0.830
241-275 69 0 1 68.5 0/68.5=0 1-0= 1.00 0 (0.830 x 0.972)
= 0.807
Overall 18 0.807

ing, which can include embryonic loss (<45DCC), fetal
loss (45-260 DCC),! and premature calving (>260 DCC).

Attempts should be made to include all pregnancy
loss, including directly observed abortion as well as
losses evident by an open cow with a previously diag-
nosed pregnancy and by a pregnant cow with a fetus
younger than estimated from a previously diagnosed
pregnancy and estimated conception date. For most
abortions, detection is made one-to-three months after
the abortion actually occurred and, therefore, it is often
not possible to obtain the precise date of fetal death. It
is important, however, that the date of fetal death be
estimated as closely as possible, and that the date of
abortion diagnosis not be used in calculating DCC at
abortion (unless abortion was actually observed). The
goal is for abortion estimates to refer to a specific gesta-
tion period , and not reflect the one-to-three month lag
in diagnosing abortion. In addition, it is important that
the DHIA 152-day rule for abortion dating not be con-
sidered in estimating the true time of abortion; other-
wise, estimated abortion risk will be biased. Some
guidelines (based on personal experience) for assessing
when a fetus died include a) following an abortion, a

new conception from a bull breeding typically takes

place, on average, 1.5 heat cycles after abortion, thus
an approximate abortion date can be obtained if the con-
ception date of the second pregnancy is estimated and
b) uterine involution to a ‘normal’ non-pregnant status
typically occurs within three-to-four weeks following
abortion. Practitioners should develop their specific
guidelines for estimating the date of abortion.

The data on DCC indicated above for each cow are
compiled in a life table based on pre-specified gestation
intervals. These intervals can be quite wide (ie 30-40
days) or narrow (1-2) days), depending on the number of
cows included in the table. For small herds with rela-
tively few cows, wider intervals should be used; other-
wise, a general assessment of gestational risk groups will
not be possible because of the paucity of data in most
intervals. Smaller intervals can be used for herds with a
large number of cows. Generally, however, the interval
used within a practice should be consistent so that abor-
tion risk and patterns can be compared among herds. A
description of each column in the life table follows.

i: The interval number; i=1 is the first interval,
i=4 is the fourth® interval, etc. Number of days in the
interval was set here at 35, in part for convenience of
illustration.
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n: The number of pregnant cows beginning each
interval. Cows should enter the interval encompassing
the time pregnancy was first diagnosed. Thus, if the
pregnancy of a cow was diagnosed at 70 days, her data
would be included beginning with the 66-100 day inter-
val, not before then. For simplicity, however, the preg-
nancies of all cows in this example were assumed to have
been diagnosed in the first interval.

a: The number of cows that aborted (or the num-
ber of fetuses that died) in the interval. The designa-
tion here assumes a reasonable estimate of the actual
death date.

c: The number of pregnant cows that were cen-
sored during the interval. This represents the cows that
died, were lost, culled or had not advanced in gestation
beyond this interval. The example given here is simpli-
fied to exclude pregnant cows that had not advanced
beyond a given gestation period. It is assumed that, on
average, cows censored during the interval are at risk
of aborting only for half of the interval. Or, stated in
terms of the number of cows, only half of the censored
cows are at risk of aborting during the entire interval.

r: The number at risk of aborting during the in-
terval. This number represents an adjustment to n that
considers that censored cows only spend about half their
time in the interval. It is calculated asr=n-'2c¢

q: The proportion of cows at risk of aborting in the
interval that actually abort during the interval. It is
calculated as q = a/r.

p: The proportion of cows at risk of aborting that
do not abort in the interval. It is calculated as p = 1- q.

h: The incidence or risk (sometimes referred to as
hazard) of abortion during the interval. It assumes that
cows that abort do so on average halfway through the
interval, or that aborted cows are at risk of aborting
only for half of the interval. Thus, h = a/(r - Y/2a).

S: The cumulative proportion of cows that re-
mained pregnant to begin the interval (or that remained
pregnant at the end of the previous interval). This value
represents a measure of the overall survival of the fe-
tuses, or of the overall cumulative proportion of cows
that had not yet aborted at a given time. The value of S
for the first interval is, by definition, 1.0. S, is calcu-
lated as S, | x p, , indicating that the proportion surviv-
ing up to the beginning of an interval is the proportion
that survived up to the beginning of the previous inter-
val times the proportion of those that survived during
the previous interval.

The life table above presents historical data for
cows that aborted, died, were culled, or successfully com-
pleted a pregnancy. The beginning interval values as-
sume rectal palpation is used to diagnose pregnancy.
Intervals would begin sooner if ultrasound was used to
diagnose pregnancy, and thus overall abortion risk would
be higher than if rectal palpation was used to diagnose

pregnancy. A variation of this table would be a ‘real-
time’ table that includes all currently pregnant cows,
including those for which pregnancy has not yet been
terminated, either by abortion or by calving. In such a
case, the cows still pregnant would be removed from
column (c¢), indicating the DCC for today’s date for each
cow. Thus, in such a case, the number of cows censored
would increase with each gestation interval.

Overall gestation-specific abortion risk is calcu-
lated as 1-P for the last interval. In this illustration,
the abortion risk is 1-0.807, or 19.3%. Note that if one
calculates an abortion risk considering simply the 18 of
100 cows aborting, the risk would be 18%. Thus, if an
adjustment is not made for the cows censored over the
course of gestation, as well as for cows that are no longer
at risk because they aborted, an artificially deflated risk
of abortion is obtained. In this case, abortion would have
been underestimated by 6.7% ({0.193-0.180}/ 0.193), com-
pared with the life table approach. Estimates of the
risk of abortion for each period (h) can be plotted to as-
sess when fetuses experience the highest risk of death
(Figure 1). Such information can help guide diagnostic
investigations and sampling. As shown in Table 1 and
Figure 1, risk of fetal loss in this hypothetical illustra-
tion is greatest for the mid-gestation period, around five
months.

Abortion density method

The abortion density method calculates the risk of
abortion per pregnant-cow-days-at-risk (or cow-months
or cow-years at risk) during some defined time period,
such as a month or year. Using the changing number of
cows at risk as the denominator, the method accounts
for cows that are no longer at risk of aborting because
they died, were culled, aborted or calved out. As an ex-
ample, suppose there were five abortions in one month
and the sum of all pregnant cow-days during the month

Risk of fetal loss
{deaths per 100 per 35 d)
(4]

0 T I p——— — <>

0 50 100 150 200 250 300
Days in gestation

Figure 1. Risk of fetal death over the course of gesta-
tion for a hypothetical group of pregnant cows, as calcu-
lated using a fetal survival life table (see Table 1).
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was 12,000. The abortion density would be 5/12,000=
0.000417 abortions per one pregnant cow-day at risk,
or 0.0417 abortions per 100 cow-days at risk (eg. 4.17%).
Table 2 provides hypothetical data for monthly abor-
tion density calculations for a 1000-cow dairy. The abor-
tion density method offers an overall standardized
method to calculate abortion risk for any specified time
period. These risks can be specified further for desig-
nated stages of gestation. For example, the abortion
density could be calculated for cows pregnant at least
three months, or pregnant between three and five
months.

Herd-based diagnostic approach to abortion

The causes of most abortions remain unknown, in
part because herd-based diagnostic designs have not
generally been used.?%1%!* In this section a herd-based
diagnostic approach is illustrated which addresses a
commonly asked question as to whether a herd, or a
multiple-herd, abortion problem is related to some ex-
posure, such as an infectious disease agent. A case-
control diagnostic design is used in collecting serum
samples from cows that have recently aborted (cases)
and from at least as many pregnant cows in the same
environment that have not aborted (controls).’® If the
herds are small and a large number of aborted cows can-
not be identified at one time, then cows can be sampled
over some period of time (perhaps even a year or more)
to obtain a large and representative sample from those
that have aborted and from those that have not aborted.
The samples are tested, preferably at the same time,
and the data organized in a 2 x 2 table, as shown below.
The first question is whether there is evidence of a rela-
tionship between abortion and the exposure; that is, are

abortion and exposure independent of each other. Inde-
pendence is examined using a chi-square test, or Fisher’s
Exact test. If the P-value is <0.10, one generally has
some confidence that the relationship observed between
abortion and exposure did not simply occur by chance
alone. The interpretation depends on the sample size,
so that for small samples (<30) one might prefer to use
P<0.10, whereas for large samples (>50), one might use
P<0.05. If a large P-value is obtained, say P>0.15 or
greater, then one would conclude with reasonable confi-
dence that the data collected show no association be-
tween abortion and the exposure. At this point, one
either can stop because there is no reason to proceed
with the other calculations, or one can collect more data
to improve the power of finding an association if one
truly exists.

If there is convincing evidence that an association
exists between abortion and the exposure, then the next
step is to estimate the strength of the association.
Strength of the association is measured by the odds ra-
tio (OR), which in turn is used to estimate the attribut-
able proportion (AP). The OR indicates how much
greater the risk of abortion is for exposed compared with
unexposed cows. For example, an OR=3 would indicate
the abortion risk in exposed cows would be three times
that of unexposed cows. The AP is calculated as (OR-1)/
OR and is a measure of the proportion of abortion in
aborted, exposed cows that was actually attributable to
the exposure. The AP is a key herd diagnostic param-
eter because it provides an estimate of the importance
of the exposure in the context of the herd. If OR=3,
then AP = 66%, or 66% of the abortions in the aborted
and exposed cows is attributable to the exposure. An
example of an assessment for an association between
Neospora caninum serologic status and a herd abortion

Table 2. An illustration of monthly abortion density calculations for a hypothetical 1000-cow dairy. Pregnant
cow-months at risk was calculated by dividing the total number of pregnant cow-days in a given month
by the number of days in the month. For example, 14,779 cow-days were tallied for January, which
represents 476.7 cow-months (14,779/31).

Month
dJ F M A M dJ dJ A S O N D

No. abortions 9 11 i 9 12 10 13 1 8 9 7 9

No. pregnant 476.7 540.8 508.5 536.9 522.6 524.2 503.2 4914 492.0 460.3 472.0 472.6

cow-months at

risk

Abortion density 1.9 2.0 14 1.7 2.3 1.9 2.6 2.2 1.6 2.0 1.5 1.9

(%) (per 100
pregnant cows
per month)
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problem is given in Table 3. Here, the P-value is sig-
nificant (<0.05), indicating the N. caninum serologic
status and abortion are not independent (there is prob-
ably a link between the two). The OR of 4.6 suggests
that the risk of abortion among seropositive cows in the
herd could be expected to be about four times greater
than among seronegative cows and the AP of 78% sug-
gests that about 78% of the abortions among aborted,
seropositive cows is attributable to N. caninum. It
should be noted, as an aside, that it is common to find
no evidence of an association between abortion and N.
caninum in some herds, even though the herds may have
a high prevalence of N. caninum infection.'® This lack
of association suggests that other factors, which vary
from herd to herd, may predispose or help trigger fetal
infection or death in cows infected with N. caninum.

Demographic and environmental factors
associated with abortion:

Milk production

No clear evidence has emerged for a link between
abortion and milk or fat production,® in part because of
the methodologic difficulties in following a large num-
ber of cows to identify whether or not milk or fat pro-
duction changes precede fetal death, and if production
and abortion are confounded by disease that affects both
production and fetal viability.

Age and gravidity

In women, advancing age is believed to carry with
it an increased risk of spontaneous abortion, mainly
associated with aged ova and development of trisomy.
No studies have been reported, however, that specifi-
cally examine trisomy in cattle and related abortion risk.
Nevertheless, age may play a role in reducing a cow’s
general ability to maintain a pregnancy through dimin-
ished immune function or other declining physiologic
functions associated with senescence. One of the prob-

lems in assessing whether increasing age imposes an
increased risk of abortion in dairy cows relates to the
culling of aborted cows such that the older cows remain-
ing in a herd have been preferentially retained, in part,
because they experienced little if any previous abortion.
Thus, an age-related risk of abortion could be seen to
decline, rather than to increase, with age because each
successive age group remaining in the herd represents
a cohort that has experienced less abortion.

In addition, the possible relation between age and
abortion is confounded by a cow’s gravidity, which rep-
resents the number of her total lifetime pregnancies. It
is believed by some that the greater the number of preg-
nancies (higher gravidity) the greater the reproductive
‘wear and tear’ experienced by the cow, and thus the
greater risk of pregnancy loss in cows with high gravid-
ity. Because gravidity and age increase together and
are thus highly correlated, it becomes difficult to sepa-
rate effects of increasing age and increasing gravidity
on abortion risk. Using newly developed statistical
methods that were able to tease out the effects of corre-
lated variables,? a large study of dairy cows found that
the risk of abortion did increase as cows aged.'® Although
the age-effect was significant statistically, the effect was
quite small, and probably by itself would not contribute
noticeably to overall herd abortion rates for most herds.
The age factor could contribute to a trend toward higher
herd abortion risks, however, for purebred herds that
retain a high proportion of registered old cows and for
herds expanding in size and that may not be culling
many older cows.

In contrast to some prevailing dogma, however, the
study found that after adjusting for the effect of age, the
risk of abortion was lower for cows with high gravidities
than for similarly aged cows with fewer lifetime preg-
nancies. Some possible explanations for why cows with
many successful pregnancies might experience a lower
risk of abortion could include a genetic predisposition to
greater fertility and fecundity (number of offspring),

Table 3. An illustration of a herd-based, case-control diagnostic approach for assessing causes of abortion on
dairies, using a hypothetical exposure to Neospora caninum as an example.
Neospora serostatus No. No. not Odds of
aborted aborted abortion

Positive 10 8 10/8
Negative 6 22 6/22

Total 16 30 46
Chi square = [{(10)(22)-(8)(6)}* (46)] /{(10+8)(10+6)(8+22)(6+22)}= 5.6, P-value = 0.023

Odds ratio (OR) = (10)(22)/(6)(8) = 4.6
Attributable proportion (AP) = (4.6-1)/4.6 = 0.78
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where there is a common mechanism operating both to
maintain fertility and pregnancy after 42 days. Another
explanation could be that higher gravidity cows remain-
ing in a herd are those that withstood the culling pres-
sure, in part by not aborting. Thus, low-risk cows (those
with no history of abortion) would tend to be over-repre-
sented in high gravidity groups of retained cows.

Days open at conception

Cows conceiving early in lactation (30-60 days) can
be expected to experience a higher risk of aborting the
pregnancy, compared with cows conceiving later than
60 days or so0.>'® Even though an increased risk of abor-
tion for cows conceiving early has been found to be sta-
tistically significant, the effect per se of early breeding
on overall herd abortion risk is likely to be small. Thus,
for most dairies, efforts to breed cows later would prob-
ably not result in a perceptible decline in overall herd
abortion.

Previous abortion

A cow’s previous abortion history is probably the
single greatest predictor of whether she aborts in the
future.?'® Cows that abort tend to experience twice the
risk of subsequent abortion, compared with cows that
have not aborted. Further, cows that aborted their pre-
vious pregnancy after 75 days experienced a much
higher risk of aborting the next pregnancy, compared
either with those aborting less than 75 days, or with
those not aborting the previous pregnancy at all.'® Cows
that had aborted and that were infected with N.
caninum experienced an additionally higher risk of sub-
sequent abortion, compared with aborted cows that were
not infected with N. caninum.'?> There is one possible
notable exception to the ‘rule’ that previous abortion in-
creases risk of subsequent abortion. Cows that aborted
their previous pregnancy early in gestation (before 75
days) experienced a lower risk of aborting the next preg-
nancy, even compared with cows that did not abort the
previous pregnancy.'® This sparing effect of early preg-
nancy loss may be related to the higher risk of abortion
for cows conceiving early in lactation, as discussed above.

Summer heat

A common perception is that abortion risk in-
creases during the summer, presumably because of in-
creased environmental temperatures. Efforts to find
an association between high ambient temperatures and
increased abortion risk (proportion of cows aborting) in
the Central Valley of California, however, have been
unsuccessful so far.® A likely explanation for the ob-
served increase in number of abortions during the sum-
mer is that the seasonal variation in conception puts
the number of high-risk fetuses (those 3-5 months of
age) at their highest during the summer months.! Typi-

cal seasonal variation in the number of fetuses between
three and eight months’ gestation for dairies in the Cen-
tral Valley is shown in Figure 3. For most herds, the
number of fetuses in the high-abortion-risk period of 3-
5 months in gestation tends to peak during the hot sum-
mer months, even though the total number of fetuses at
risk (or pregnant cow-days at risk) might be declining
for those months (Figure 2). Thus, the perceived in-
crease in abortions may be a reflection of the increased
numbers of fetuses at a high risk of being aborted dur-
ing those months; overall herd abortion risk generally
has not been observed to increase during the summer.

Other factors

Very few formal studies have investigated the ef-
fects of environmental exposures on abortion risk. Evi-
dence has been found for a seasonal influence on aborted
fetuses that were infected with V. caninum! and a sea-
sonality in the proportion of mummified fetuses was
observed for month of conception (Figure 4).* The lat-
ter finding illustrates how various measures of abor-
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Figure 2. Seasonal variation expected in number
pregnant cow-days at risk for a hypothetical 1000-cow
dairy (see Table 2).
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Figure 3. Seasonal variation expected in percent of
fetuses 3-8 months of age. Graphed from data presented
elsewhere.!
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Figure 4. Variation in estimated risk of mummified
fetuses based on month of conception. Graphed from
data presented elsewhere.*

tion can be used to identify possible diagnostic hypoth-
eses. For example, the elevated risk of mummies for
cows conceiving in the early fall in California could sug-
gest early embryonic exposure to agents prevalent at
that time of the year (ie bluetongue virus, feeding of
seasonal feedstuffs). Palpation per rectum has not been
found to be associated with abortion, at least for veteri-
narians experienced in palpation.’

Summary

Methods are presented that permit a standard-
ized measure of abortion risk for dairy herds, and a stan-
dard approach to investigating a herd abortion problem.
The methods permit abortion risk assessment for a given
month and over the course of gestation. Standardized
risk measures and methods can be used to evaluate
changes in herd abortion risk, identify possible man-
agement factors contributing to an abortion problem,
and to develop diagnostic strategies. Some of the demo-
graphic features of the dam that can increase or predict
her risk of abortion include early conception, advancing
age, poor reproductive performance in general, and a
previous abortion.

References

1. Anon, Committee on bovine reproductive nomenclature. Recom-
mendations for standardizing bovine reproductive terms. Cornell Vet
62:216-237, 1972.

2. Forar AL, Gay JM, Hancock DD, Gay CC: Fetal loss frequency in
ten Holstein dairy herds. Therio 45, 1505-1513, 1996.

3. Hanson T, Bedrick E, Johnson W, Thurmond M: A mixture model
for bovine abortion and fetal survival. Statist Med 22:1725-1739, 2003.
4. Thurmond M, Picanso J: A surveillance system for bovine abor-
tion. < Prev Vet Med 8:41-53, 1990.

5. Thurmond M, Picanso J: Relationship between milk production
and abortion. 7Ist Ann Conf Res Workers Anim Dis, Chicago, IL,
November 5-6, 1990.

6. Thurmond M, Picanso J, Hietala S: Prospective serology and analy-
sis in diagnosis of dairy cow abortion. J Vet Diagn Invest 2:274-282,
1990.

7. Thurmond M, Picanso J, Jameson C: Considerations for use of
descriptive epidemiology to investigate fetal loss in dairy cows. J Am
Vet Med Assoc 197:1305-1312, 1990.

8. Thurmond M, Picanso J, Podrasky A: Effect of environmental tem-
perature on risk of fetal loss in dairy cows. 71st Ann Conf Res Workers
Anim Dis, Chicago, IL. November 9-10, 1992.

9. Thurmond M, Picanso J: Fetal loss associated with palpation per
rectum to diagnose pregnancy in cows. J Am Vet Med Assoc 203(3):432-
435, 1993.

10. Thurmond M, Anderson M, Blanchard P: An example of selection
bias in submissions of aborted bovine fetuses to a diagnostic labora-
tory. J Vet Diagn Invest 6:269-271, 1994.

11. Thurmond M, Anderson M, Blanchard P: Secular and seasonal
trends of neospora abortion in California dairy cows. </ Parasitol
81:364-367,1995.

12. Thurmond M, Hietala S: Effect of congenitally acquired Neospora
caninum infection on risk of abortion and repeat abortion in dairy
heifers and cows. Am J Vet Res 58:1381-1385, 1997.

13. Thurmond M, Hietala S, Blanchard P: Herd-based diagnosis of
Neospora caninum-induced endemic and epidemic abortion in cows
and evidence of congenital and postnatal infection. J Vet Diagn In-
vest 9:44-49, 1997.

14. Thurmond M, Hietala S, Blanchard P: Predictive values of fetal
histopathology and immunoperoxidase staining in diagnosing bovine
abortion caused by Neospora caninum in a dairy herd. Vet Diagn
Invest 11:90-94, 1999.

15. Thurmond M, Johnson W, Munoz-Zanzi C, Su C-L, Hietala S: A
method of probability diagnostic assignment that applies Bayes theo-
rem for use in serologic diagnostics, using an example of Neospora
caninum infection in cattle. Am JJ Vet Res 63:318-325, 1999.

16. Thurmond M, Branscum A, Johnson W, Bedrick E, Hanson T:
Predicting the probability of abortion in dairy cows: A hierarchical
Bayesian logistic-survival model using sequential pregnancy data.
(submitted).

89

THE AABP PROCEEDINGS—VOL. 37

“UONNQLIISIP $S9008 U0 (SISUONI)ORIJ SUIAOE JO UONRIDOSSY UBdLIdWY JYSLAdo) o



	0090
	0091
	0092
	0093
	0094
	0095
	0096

