
Assessing Disease and Productivity –
Critical Tools for Evaluating the Herd
By Cheryl Waldner, DVM, PhD

“If I had wanted to work with numbers every day, I would have become an accountant.”

Although the desire to analyze data did not motivate most of us to enter veterinary med-
icine, practitioners providing routine herd consultation services, those investigating herd
disease problems and production shortfalls, and those engaging in on-farm research require
basic epidemiological and statistical tools to meet the increasing demands of their clients.
Veterinarians who consult on herd management or clinical research need these tools to:

• assess trends in production and herd health
• evaluate risk factors for disease
• compare the effectiveness of different treatment protocols
• determine the impact of management changes.
The objective of this issue of Large Animal Veterinary Rounds is to review some basic epi-

demiological and statistical tools that may help veterinarians optimize the use of different
types of available health and production data in making recommendations for clients. For
more information, readers may consult a recent series of references examining the applica-
tion of epidemiological and statistical tools in food animal practice.1-3

Animal health and production data

Performance assessment and on-farm research are best done by someone who understands the herd
and its management. Knowledge of the information source and the quality of records from each herd are
essential for determining how the limitations and potential errors in the data will affect its usefulness in
decision-making.The ability to recognize the different types of data available to address specific questions
about herd health and performance is important.The types of data will determine how to best describe
the information and evaluate change.

Data can be categorical (sex, breed) or numerical (age, days in milk, or average daily gain). Categorical
data can be nominal (sex, breed) and simply describe a characteristic or attribute of the animal with no
implied order, or the data can be ordinal (disease status, lameness score) and reflect some attribute or char-
acteristic that can be ranked (no clinical signs, mild, moderate, or severe disease). Numerical data can be
discrete (number of services per conception), where the values can only assume whole numbers, or contin-
uous (daily milk production or weaning weight), where the data can have any value within a defined
range.

Describing data

A simple method to summarize or describe data is needed before a large set of individual animal
records can be used effectively. A picture of the results is necessary to meaningfully interpret data and
compare the results to other herds, to published benchmarks, or to evaluate changes over time; this should
include a measure of both the midpoint and spread of the data.

Graphing data

The first step when analyzing any set of numbers or herd records is to create a useful picture so you
can carefully scrutinize the data. Running a statistical test without visualizing the data is like diagnosing
a complicated case over the phone without an examination. Assumptions based on a brief history,

Rounds
Large Animal

VETERINARY
A S P R E S E N T E D I N T H E R O U N D S O F T H E D E P A R T M E N T O F L A R G E A N I M A L C L I N I C A L S C I E N C E S

O F T H E W E S T E R N C O L L E G E O F V E T E R I N A R Y M E D I C I N E , U N I V E R S I T Y O F S A S K A T C H E W A N

Department of Large Animal 
Clinical Sciences
Western College of Veterinary Medicine

David G.Wilson, DVM, Diplomate ACVS (Editor)
Charles S. Rhodes, DVM, MSc (Dean)
David G.Wilson, DVM, Diplomate ACVS 
(Department Head)

Ken Armstrong, DVM, Professor Emeritus
Sue Ashburner, DVM
Jeremy Bailey, BVSc, Diplomate ACVS
Spence M. Barber, DVM, Diplomate ACVS
Albert D. Barth, DVM, Diplomate ACT
Frank Bristol, DVM, DACT, Professor Emeritus
Ray Butler, DVM, Professor Emeritus
John Campbell, DVM, DVSc
Claire Card, DVM, DACT
James L. Carmalt,VetMB, MRCVS, MVetSc,

Diplomate ABVP (Equine)
Terry D. Carruthers, DVM, PhD
Bill Cates, DVM, Professor Emeritus
Chris Clark,VetMB, MVetSc, Diplomate ACVIM
Peter B. Fretz, DVM, Diplomate ACVS,

Professor Emeritus
Paul Greenough, DVM, Professor Emeritus
Jerry Haigh, DVM, Diplomate ACZM
John CS Harding, DVM, DVSc
Steven H. Hendrick, DVM, DVSc
Murray D. Jelinski, DVM, MSc
Katharina Lohmann, DVM, Diplomate ACVIM, PhD
Steve Manning, DVM, Diplomate ACT
Fernando J. Marqués, DVM, Diplomate ACVIM
Reuben J. Mapletoft, DVM, PhD
Colin Palmer, DVM, Diplomate ACT
Lyall Petrie, BVMS, PhD 
O.M. Radostits, DVM, Diplomate ACVIM,

Professor Emeritus
Fritz J. Schumann, DVM, MVetSc
Joseph M. Stookey, PhD
Hugh G.G.Townsend, DVM, MSc
Cheryl Waldner, DVM, PhD
Murray R.Woodbury, DVM, MSc

WESTERN COLLEGE OF
VETERINARY MEDICINE

Western College of Veterinary Medicine
Department of Large Animal Clinical Sciences
52 Campus Drive
University of Saskatchewan
Saskatoon, Saskatchewan  S7N 5B4

The editorial content of Large Animal Veterinary Rounds is 
determined solely by the Department of Large Animal 
Clinical Sciences,Western College of Veterinary Medicine

The Canadian Veterinary
Medical Association recognizes
the educational value of this
publication and provides 
support to the WCVM for 
its distribution.

J U N E / J U L Y  2 0 0 6
V o l u m e  6 ,  I s s u e 6

www.canadianveterinarians.net / larounds

®



with luck, may provide enough information to pick the right
answer; however, gaps in available information may lead to
erroneous conclusions.

Depending on the type of software available, the simplest
option for visualizing information is often a histogram or bar
graph. Histograms can be used to describe almost any type of
data.The graph depicts how many cases fall into the category
or range of data represented by each bar on the graph. This
allows a quick view of the range of values, where in the range
most of the values lie, and whether more than one distinct
grouping appears within the data. If there is more than one
group in the data, care is necessary in summarizing the results.
For example, taking an average titre from a group of calves
where some have very high bovine virus diarrhea virus
(BVDV) titres (recent exposure) and others have no BVDV
titres (either completely susceptible or potentially persistently
infected [PI] calves), could mislead the interpretation as a sin-
gle group of calves with moderate titres. This result could be
interpreted as evidence consistent with vaccination or residual
colostral antibodies.

Numerical data
Measures of central tendency

The measure most commonly used to summarize numer-
ical data or to describe a “typical” value is the mean or average
value. Given that the data graph suggests a normal distribution,
the average or arithmetic mean can provide a quick and easy
way to understand representative values. However, a simple
average is not appropriate for summarizing most types of
discreet data (titres based on serial dilutions) or scoring data
(body condition or lameness scores).

A less-commonly used alternative is the median. The
median is the 50th percentile or the true mid-point of a series of
numbers.This number is particularly useful when data are derived
from a discreet scoring system or are substantially skewed. For
example, values such as the somatic cell count or the calving-
to-conception interval are almost never normally distributed.
The average of these values in a dairy herd can be strongly
influenced by a few problem cows; therefore, the median will
provide a better representation of typical herd performance.

Measures of variation

A good description of data variability is just as important
as the measure of central tendency discussed above. The most
common method of measuring variability is the standard devi-
ation (SD) and it provides much useful information for
normally distributed data. In normally distributed data, it can
be estimated that approximately 68% of the observations will
fall within ± 1 SD of the mean, 95% within ± 2 SD of the
mean, and 99% within ± 3 SD of the mean.

However, many types of veterinary data are not normally
distributed; it may be skewed or have distinctive patterns
revealing more than one group of interest within the herd.
In these cases, it is necessary to use other methods to describe
the spread in the data. For relatively large, skewed datasets, the
interquartile range (25th percentile to the 75th percentile) or the
middle 50% is a useful representation of the spread of data
points. For very small datasets, the range or minimum and
maximum values are often appropriate.

High vs low or normal vs abnormal

For some sets of continuous data, more information may
be gained by determining the percentage of animals with val-
ues above or below a particular threshold of interest or the per-
centage of values considered normal, abnormal, deficient, or
toxic. For example, the proportion of deficient animals might
be more useful than the herd average when evaluating whole
blood selenium concentrations. In other cases, it makes sense to
categorize the data into > 2 groups and report a frequency dis-
tribution. For example, while average cow age gives very lim-
ited information, the percentage of first calf heifers, second
calving, mature cows, and old cows provides a more readily
interpretable picture of the herd.

Categorical data
Proportions and odds tendency

Frequency distributions are also used to describe cate-
gorical data. For example, the percentage of male and female
calves might be reported. Frequency data is often summarized
using proportions.When reporting proportions, the numerator
is always included in the denominator and the denominator is
the total number of animals at risk. Proportions are also used
to describe the probability that some event could occur.

The occurrence of disease can also be described by
reporting the odds of the event, ie, the ratio of individuals in
a group to those who are not. For example, the odds of a calf
dying before weaning might be 1:24. For every calf that dies,
24 will survive. This is not the same as a probability because
the numerator is not included in the denominator. To convert
this to the probability of a calf dying before weaning, the 
1 would be included in the denominator to get (1/[24+1]) 
or 4%.

Prevalence and incidence

Prevalence can be used to describe the occurrence of disease
in a herd. The most commonly reported type of prevalence
summarizes the total number of cases present at a particular
point in time as a percentage of the total number of cases at risk
for the disease at that time. The point prevalence of scours
could be the number of calves in the herd with clinical signs of
scours as a percentage of the total number of live calves count-
ed during a single herd visit.

Incidence describes the occurrence or probability of new
cases of disease.The simplest summary method is to report the
number of new cases during the period of interest as a percent-
age of the number of animals at risk of becoming a new case
during that time (cumulative incidence or attack rate). Animals
with the condition or disease at the start of the period are not
included in the calculation. Cumulative incidence can be used
to describe the risk of event during a defined period.

Cumulative incidence is often reported when summariz-
ing disease or production parameters in cow-calf herds. For
example, the stillbirth risk in the herd could be defined as the
number of calves born dead as a percentage of the total num-
ber of calves born dead or alive during the complete calving
season.This calculation works well when the period of interest
and population at risk are clearly defined, when there is little
animal movement in and out of the herd during the period,



statistical analysis could have arisen by chance alone. For this
value to be meaningful (that is, to go a step further and suggest
the likelihood that the measured association arose by chance
alone), the correct statistical test for the question must be
selected and applied correctly to the data. The P-value is used
to help assess the probability or chance of a type I error in the
results. If the statistical analysis was appropriate and if P <0.05,
then there is <5% probability or <1 chance in 20 that the
reported effect of the factor under study was due to chance alone.

When asking a single question and doing the associated
statistical test, a 5% probability of a type I error is usually con-
sidered acceptable. However, the likelihood of a false positive
result increases with each additional analysis. For example, with
6 tests, the combined probability of a type I error is >1 in 4.
When large numbers of P-values are reported from a single
study, one must consider that some or all of the significant
results could be due to type I errors unless the authors clearly
state what was done to minimize this potential problem.

Validity of the statistical test – choosing the correct test
for the question

The best statistical test for any question depends on both
the type of outcome data and the methods used to measure the
exposure or to distinguish the treatment groups (nominal, ordi-
nal, discreet, or continuous; Table 1). Although, the advice of
an epidemiologist or statistician should be requested for com-
plicated data, there are several tables and flow charts published
in introductory statistics texts that can be used as a guide to the
correct test for relatively simple questions. Most statistical 
software packages also contain guidelines on selecting the
appropriate test; however, several important issues are often
overlooked in choosing the right test for the data.

The assumptions of the test

Most statistical tests are based on at least some assumptions
about the data. If the assumptions are not met, then the result-
ing P-value from the test is meaningless. When there are
assumptions about the distribution of the data, the test is
referred to as parametric. For example, the t-test is commonly
used to compare differences in continuous outcome measures
across 2 groups (eg, daily milk production for 2 different
rations). If both groups are normally distributed and have
approximately the same variance, then a t-test is appropriate.
If these distributional assumptions are not met, alternative
methods (non-parametric methods) should be considered. In
this example, a Wilcoxon rank sum test might be appropriate.

In addition to the method-specific assumptions similar to
those listed above for the t-test, there is one stipulation that
applies to most of the commonly used tests.The observations
must be independent; ie, knowledge about the outcome value
for one observation says nothing about the next observation in
the data set.

There are two important examples where the indepen-
dence assumption is commonly violated in veterinary data.The
first is a collection of >1 observation per subject or repeated
measurements on individuals or herds over a period of time.
The simplest form of a repeated measure statistic is the paired
t-test.There are many other methods designed for complicated
analyses.

and when all animals are at-risk for the event for the same
period of time.

Cumulative incidence would not work as well in defining
the frequency of milk fever in a dairy herd during one calendar
year. In most dairy herds, cows calve year round, the cows are
culled at different times, and some cows do not calve each year;
as a result, not all cows from a herd will be at risk of developing
milk fever for the same number of days during a 1-year period.
Therefore, cumulative incidence is not the best way to summa-
rize this information; instead, the use of incidence density may
be considered. Incidence density examines the number of new
cases of milk fever during the period, but the denominator is
determined using the number of days each cow was at risk of
developing clinical signs. By describing the number of new
cases per animal time unit at risk (cow-days-at-risk), in this
manner, the result can be referred to as the rate of disease.

Examining differences across groups

The effect of management practices, treatments, or other
risk factors can be assessed by comparing animals, pens, or
herds with and without the factor of interest using appropriate
analytical methods. For example, it may be of interest to com-
pare the rate of (weight) gain in calves exposed to the BVDV
virus to calves not exposed. The first step is to examine the
results for the outcome variables measured in each manage-
ment or treatment group. The description would include the
distribution of the rate of gain in seropositive calves and in
seronegative calves. The occurrence of other herd or animal
attributes that might have influenced the outcome of interest
should also be summarized for each group. For example, the
sex and age distribution of positive and negative calves could
be determined.The data are examined to make sure there are
no previously undiscovered errors in data entry and to under-
stand the range and distribution of each type of data. This is
necessary to select the best type of statistical analysis for the
question.

Statistical analysis is used to measure the strength of the
association between the factor being studied (treatment or
management practice) and each outcome variable of interest.
The analysis also estimates the probability that any difference
between the exposure or treatment groups could be due to
chance and defines the level of uncertainty in the result.

Type I and Type II error

There are two possible types of chance-related or random
errors:
• Type I error occurs when there really is no association

between the risk factor being evaluated or the treatment
being tested and the outcome of interest; however, because
of random sampling error there appears to be an association
in the data sample (a false positive study finding).

• Type II error occurs when there is a failure to identify an
association that really does exist (a false negative study find-
ing). This usually occurs because the sample size was not
large enough to thoroughly examine the study question.

An appropriate statistical test provides a P-value and
confidence intervals that can be used to assess the likelihood or
probability of these types of errors in the final result. The P-
value, defined loosely, is the probability that the results of the



The second place where violations of the indepen-
dence assumption are likely is in data collected from indi-
viduals managed or treated as groups, for example, in a
series of pens or herds. Cows within the same herd or
calves within the same feedlot pen probably have more in
common with each other than they do with animals in
other herds or pens. Special types of analyses are needed
to account for the expected similarity or clustering of
responses within these groups.

Statistical vs biological or clinical significance

When differences between treatment or risk factor
groups are statistically significant, it does not mean that
these differences are biologically or clinically important.
The P-value is dependent on not only the size or clinical
significance of the differences between treatment or risk
factor groups, but also on the number of observations
considered in the analysis. Very small and potentially
unimportant differences can be statistically significant if
the sample size is very large. Very large and important
differences may not be statistically significant if the sam-
ple size is too small.

To determine the clinical significance of the associa-
tion, the size of the potential effect or the difference
between the treatment groups is measured. If the out-
come variable is continuous, the absolute amount of the
difference between the groups is calculated. We can then
determine if that difference is clinically important. The
results of a statistical test should not give just the P-value,
but should also reveal the magnitude of difference. For
example, the absolute difference in average milk per cow
per day (kg) could be reported when comparing milk
production for 2 different total mixed rations.

When the variable of interest is categorical (eg,
whether the animal does or does not have a disease), the
relative difference in frequency of disease between groups
can be estimated. For example, one might report how
many times more likely a calf from a heifer is to be still-
born than a calf from a mature cow.
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Relative risk and odds ratio

The magnitude of the association between each risk
factor or treatment and the outcome of interest or disease
can be reported using a relative risk (RR) or odds ratio
(OR;Table 2).

The relative risk is the ratio of the risk (cumulative
incidence or attack rate) of disease in the animals exposed
to the factor of interest, to the risk (cumulative incidence
or attack rate) of disease in those not exposed. If the rel-
ative risk is <1, then the exposure is associated with a
decreased risk of disease. If the relative risk is equal to 1,
then there is no association between exposure and disease
status. If the relative risk is > 1, then the exposure is asso-
ciated with an increased risk of disease.The relative risk is
appropriate when all individuals in the herd are included,
or the sample was collected randomly and selection was
not based on disease status.

The odds ratio can be used to measure the association
between exposure and disease for any study type. The
OR, for the purposes of this discussion, expresses the rel-
ative difference in the odds of occurrence of the outcome
of interest in one treatment or risk factor group to that in
another. The odds ratio is the method of choice for
expressing the magnitude of effect in case-control com-
parisons where the history of exposure to a specific risk
factor is compared between case and control animals. The
working interpretation of the odds ratio is similar to that
of relative risk. The odds ratio is often reported because it
is easily calculated from the results of logistic regression,
a popular method for analyzing disease data.

Confidence intervals

Confidence intervals can be used to provide a range
of uncertainty around the estimate of the effect size. The
level of uncertainty will be influenced by the number of
observations and the amount of variability in the data for
each of the groups being compared. Confidence intervals
have an advantage over P-values in that they can be used
to help understand the probability of both type I and type
II errors.

Table 1: Examples for choosing the appropriate test

Independent variable (X)
(the risk factor of interest)

Quantitative Qualitative
(continuous) (categorical)

Quantitative Linear regression T-test
(continuous) Correlation Paired T-test

Spearman’s Correlation ANOVA’s
Wilcoxon rank sum
Wilcoxon signed rank

Qualitative Logistic regression Chi-square
(categorical) Fisher’s exact test
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Confidence intervals are calculated to express the
range of effect sizes that could have resulted given the
sample size and variability in the data.To assess the risk of
type I error, the confidence intervals are examined to see
whether they include the possibility that there is no effect
(ie, an effect size of zero) or an equal risk of the event in
exposed and unexposed groups. If the confidence interval
includes the potential for no effect then the result is not
statistically significant (P >0.05) and the risk of type I
error is >5%.

The width of the confidence interval also provides
important information about the potential for type II
error. If there is no difference or almost no difference in
the outcome of interest between groups and the confi-
dence intervals are narrow, it can be stated with some cer-
tainty that there is no substantial effect of the exposure or
treatment studied. With narrow confidence intervals, it is
very unlikely to miss finding a true association in the data
because the sample size was too small (ie, there is a small
probability of a type II error). However, if the confidence
intervals are very wide and include the potential for no
effect, then the possibility of missing an important asso-
ciation cannot be ruled out. There is the potential for 
a type II error and one cannot state with any certainty 
that the sample size was large enough to distinguish a real
difference between groups.

Confidence intervals can be calculated for both
absolute and relative estimates of effect. If examining
absolute differences between groups, the confidence
intervals can vary from any negative number through zero
to any positive number. An absolute difference of 0
between groups suggests no effect. For example, for mea-
suring a difference in daily milk production reported in
kg, a 95% confidence interval containing 0 would be the
same as reporting P >0.05.

Confidence intervals can also be calculated for rela-
tive risks and odds ratios. In this case, there is a compari-
son of the occurrence of disease or an event in one group
relative to another. To determine relative risk, the risk in
one group is divided by the risk in the other group.
Therefore, the confidence interval for an RR or an OR
can be any positive number. A relative difference of 1
occurs when the risk in the two groups is the same. If the
confidence interval for an RR or an OR includes 1, there
is no significant difference between the two groups.

To recap, the final product of a statistical analysis
should include either an absolute or a relative measure of
the difference in the outcome (the effect estimate), a mea-
sure of uncertainty around that estimate (the confidence
interval) and, finally, the probability that the estimated
exposure effect is due to chance or random sampling
error (the P-value).

Association vs causation

Even if the analysis is appropriate, a statistically signifi-
cant association alone does not prove the risk factor
caused disease or that the therapy being assessed was a
successful treatment. Before determining if the association
is causal, it is necessary to assess whether some systematic
bias is responsible for the difference between the groups.
Bias tends to be less of a problem in a well-designed
clinical trial than in an observational study. When exam-
ining the results of a clinical trial, first, confirming that the
treatment was randomly assigned and, second, that the
observers were blinded when measuring the outcome,
will minimize the potential for bias in the results. In
observational studies, more care is necessary to ensure that
differences in the group selection or in the measurement
of effects do not account for the findings. Finally, it is nec-
essary to evaluate whether or not there was some other
factor than the one of interest that differed between the
groups and caused the apparent effect. Confounding, or
the mixing of effects that may result from a failure to
account for other important factors, can appear to either
inflate or sometimes hide associations in the data.

Given that there is a statistically significant difference
between groups and that the difference between the
groups is not caused by some apparent source of bias or
confounding, it is now possible to determine if the factor
being studied is actually causing the difference. For a
factor to be considered as a potential cause of disease or
sub-optimal productivity, it is necessary to verify that the
risk factor actually preceded the outcome in time; the
cause cannot follow the effect. Other supporting evidence
for a causal association could include:
• a relatively strong association between the risk factor

and the outcome (less likely to be due to unmeasured
confounding)

• a suggestion of increased effect with increased exposure
(dose-response)

• a biologically reasonable link between risk factor and
outcome (potential mechanism)

• a consistency of the association when examined in
different groups or by supporting evidence from other
studies.

Conclusion

This overview contains only a very brief introduction
to some of the issues that need to be considered when
evaluating and reporting data from client herds or in
clinical research. For those who are interested,more infor-
mation is available in the references listed at the end of
this summary.
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Table 2: Determining the relative risk or the
odds ratio

Diseased Non-diseased

Exposed a b a + b 
(all exposed)

Non- c d c + d (all
exposed non-exposed)

a + c b + d
(all diseased) (all non-diseased)

Relative risk = [a /(a + b)] / [c /  (c + d)]
Odds ratio = [(a /c) / (b /d)] or [(a /b) / (c /d)] = ad / bc
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Abstracts of Interest
Basic epidemiologic concepts related to assessment
of animal health and performance

RUEGG PL.

Modern animal production systems are increasingly complex,
which is why farmers depend on veterinarians to help them make
sound decisions based on valid interpretation of data.While serv-
ing as advisors to farmers, veterinarians face the challenge of prop-
erly identifying key indicators of animal performance and differ-
entiating between values that reflect normal biologic variation and
those that require intervention. The veterinary consultant must
understand the strengths and weaknesses of data, assess production
trends accurately, and evaluate the results of management changes.
This article describes some basic epidemiologic concepts about
animal performance data.These concepts equip veterinary practi-
tioners with the tools they need to give the best advice.
Vet Clin North Am Food Anim Pract 2006;22(1):1-19.

Disease outbreak investigation in food animal practice

WALDNER CL, CAMPBELL JR.

In addition to excellent observation skills and a good understand-
ing of production medicine, veterinarians require the tools of epi-
demiology for the successful investigation of disease outbreaks.
Food supply veterinary practitioners are often called upon to
investigate various types of disease outbreaks. In this article, the
authors outline the primary questions a practitioner should address
and summarize a systematic approach to determining the causes of
an outbreak and minimizing further losses. The investigation of
disease outbreaks provides an opportunity for the herd veterinarian
to show clients the advantages of a herd health program and the
value of a good record-keeping system.
Vet Clin North Am Food Anim Pract 2006;22(1):75-101.
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