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_C_H_A_P_T __ E_R_ 1 z __ 
Field 
Investigations 

12.1 Epidemic Diseases: Outbreak Investigation 
Epidemic (as discussed in 4.8) refers to the unexpected increase in 

disease or death to a level clearly greater than normal. Thus, if ongoing 
monitoring programs exist, the level of disease or death may be referred to 
as an epidemic if it exceeds two standard deviations above the mean. In 
agriculture, however, the level of production often is the outcome of con-
cern, not the presence or absence of disease. Hence, by extrapolation of the 
earlier definition, a production epidemic might be said to exist when the 
level of production decreases by two standard deviations below the mean, 
or when the production drop reaches a critical level that signals a potential 
problem; this level may differ from area to area and from one production 
unit (farm) to another. Also, it is entirely possible to have a production-
based epidemic in the absence of an epidemic of clinical disease. (Although 
disease often is a production limiter, disease may be one of the less impor-
tant factors limiting production on a specific farm.) 

Veterinarians are frequently called to investigate outbreaks (i.e., epi-
demics) of disease or death. In general, the major objectives of such investi-
gations are halting the progress of the disease, determining the reasons for 
the outbreak, instituting corrective measures, and recommending proce-
dures to reduce the risk of future outbreaks. Although the methods used to 
accomplish these objectives will vary from situation to situation, there are 
two general approaches, each dictated by the rate of spread of the problem 
(i.e., suboptimal productivity, disease, or death). Specifically, disease and 
production outbreaks can be classified as being of the slowly spreading 
propagative type or of the rapidly spreading common source type. Thus, 
the first step in outbreak investigation is to note the temporal pattern of the 
outbreak (i.e., examine the epidemic curve) and ascertain whether it is 
likely a point (common source) or a propagated epidemic. Although the 
difference between these outbreaks is somewhat arbitrary, an extremely 
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284 IV I Applied Epidemiology 

rapid increase in the number of cases is suggestive of a common source 
epidemic (i.e., all animals exposed to the source at about the same time), 
whereas a slower build up is suggestive of a propagated epidemic. As men-
tioned, the method of investigation will be influenced by the temporal 
features of the outbreak. 

The features required for successful animal disease control programs 
have been described in a recent text (Hanson and Hanson 1983) and are 
beyond the scope of this book. The intent of this section is to present 
methods for elucidating the source of an epidemic that are broadly applica-
ble in many settings. The specific program(s) required to affect control will 
depend on the nature and scope of the problem as well as the existing 
circumstances. Schwabe ( 1984, pp 411-19) presents two examples of pro-
pagative outbreak investigation (brucellosis and plague) and two of point 
epidemic investigation (botulism in humans and in mink). 

12.1.1 Propagated Epidemics 
A general outline of the se,quence of steps involved in the investigation 

of a propagated epidemic on a given premise is shown in Figure 12.1. In 
propagated epidemics, the agent is either spread from animal to animal by 
contact, or animals are initially exposed to the agent via vehicles or vectors 
over a protracted period of time, hence explaining its slower development 

IS IT A PROPAGATED EPIDEMIC? --NO -- See point epidemic (soo Fig i YES 

EXAMINE THE FIRST FEW ANIMALS THAT BECAME SICK I (Does thiS exp!aln the epidemic? I.e., Are they the source?) 

f IF THE SOURCE IS NOT FOUND 

EXAMINE RECENT ADDITIONS lO THE HEAD/FLOCK I {Does this explain the epidemic? i.e .• Are they the source?) 

f IF THE SOURCE IS NOT FOUND 

NOTE RECENT CHANGES IN MANAGEMENT, HOUSING, RATION, ETC. I (US(I the method of agreement or method of difference.) 

f IF THE SOURCE IS NOT FOUND 

12.2) 

A MORE DETAILED STUDY. INCLUDING LABORATORY ANALYSIS OF APPROPRIATE SAMPLES, IS 
~ REQUIRED 

WHEN THE SOURCE IS FOUND, ONE SHOULD INSTITUTE TRACEBACK PROCEDURES TO IDEN· 
TIFY THE ORIGIN OF THE PROBLEM ANO PREVENT FURTHER SPREAD OF THE PROS. 
LEM. 

12.1. Steps in investigating a propagated epidemic 
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relative to a common source epidemic. (H is important to emphasize that 
one should not assume the agent is infectious, as the frequency of chemical 
toxicities is likely to increase in the future.) Because of its relatively slow 
rate of spread, one can usually establish a diagnosis by clinical examination 
of affected animals and laboratory tests. This knowledge can simplify the 
investigation process; however, it is not an essential step and one should not 
devote undue time to establishing the diagnosis, at least initially. 

Whether or not a diagnosis is established, one should attempt to iden-
tify the first few animals to become sick and note their characteristics (e.g., 
if they are recent purchases or if they have been in contact with other 
animals and/or premises). If the disease under investigation is identified 
and if the first few animals to become ill are the likely source of the agent. in 
the current outbreak, then isolation, treatment, or removal of these animals 
may be appropriate. Traceback to their origin may be essential if the disease 
is serious, infectious, and/or if it is a disease for which government veteri-
narians have legislative responsibility (e.g., notifiable diseases). If no obvi-
ous clues are provided following an examination of the first few animals to 
become diseased, and if the disease appears to have an infectious etiology, 
it is important to inquire about recent animal acquisitions; many times 
these animals are carriers and may not develop clinical disease. Again, if 
the investigation implicates particular animals as the likely source(s) of the 
problem, isolation, treatment, removal, and/or traceback of these animals 
may be necessary. If no animals or other logical sources of the problem 
have been identified, data should be collected and analyzed on possible 
environmental sources of the agent, in a manner similar to that performed 
in the investigation of common source epidemics (see 12. l.2). If the prob-
lem is localized to one premise, note, for example, details about changes in 
management, husbandry, purchase of new feed, and ventilation. In this 
approach, one searches for a factor common to all affected animals (Le., 
method of agreement), or a factor that differs between affected and normal 
animals (i.e., method of difference) on that premise. The latter methods 
would also be applicable if the problem involved more than one premise, 
thus, search for factors common to all affected farms and/or for factors 
whose presence differs between affected and nonaffected farms using a case· 
control approach. 

12. 1.2 Point Epidemics 
The general sequence to be followed when investigating a point epi-

demic is presented in Figure 12.2. In this regard, standardized procedures 
for investigating common source outbreaks have been developed (Commit-
tee on Communicable Diseases Affect.ing Man 1976, 1979). 

The private practitioner is usually called to investigate a point epidemic 
before it reaches its peak. As such, these are emergency situations and the 



IS IT A POINT EPIDEMIC? ---NO --·See propagated epidemic I {Note temporal pattern) (Slliil F;g 12 1) 

t YES 
IS IT AN EMERGENCY? ---NO - DIAGNOSIS? 

!YES - NO~ES .... t 
Obtain a GENERAL HISTORY (Determine the animals Involved, I '"'""" '"""'· ""'""" 'l'' 
ONE SYNDROME? DATE OF MEDIAN CASE? 

(Examine animals and collect samples. I 
don't forget controls) 

I INCUBATION PERIOD? 
YES i --------- LIKELY TIME OF EXPOSURE 

OBTAIN SPECIFIC DETAILS 

J 
FEED (e.g., oompos•!IOn and disttibut>on by components) 

WATER (e.g., source(s) and distribu1ion) 

ENVIRONMENT {e.g., chemical spraying, air pollut>0n) 

INVESTIGATE ASSOCIATION OF FACTORS AND DISEASE' 
(Make an attack rate table) 

J RELATIVE RISK (ODDS RATIO) 

REMOVE RISK FACTORS AND OBTAIN APPROPRIATE SAMPLES 

IF NO FACTORS OBVIOUS. 
REFINE QUESTIONS AND BEGIN AGAIN 

IF SOLVED, MAKE APPROPRIATE RECOMMENDATIONS ANO 
SUGGESTIONS FOR FUTURE PREVENTION 

'THINGS TO CONSIDER UNIT OF CONCERN? 
NATURE OF SAMPLE? 
STATISTICAL ANALYSIS? 

12.2. Steps in invest1gaHng a point epidemic 
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veterinarian must act quickly to find the source and prevent the exposure of 
more animals. Less often, the epidemic has run its course prior to the time 
the veterinarian is called. In both cases, the task is the same, and although 
the sequence of the investigation will vary from situation to situation, it is 
very important to recognize a point epidemic early in its course, focusing 
attention toward finding the common source, be it air, food, or water. 
Again, it is important to emphasize that one ought not assume an infectious 
agent as the cause of the disease. 

In an emergency situation, little time should be spent attempting to 
diagnose the disease condition, unless a diagnosis is obvious. Initially, one 
should obtain a general history, including data on host, husbandry, geo-
graphic, and environmental factors. Examine some of the affected animals 
clinically, and if appropriate at postmortem, to ascertain the main features 
of the syndrome and whether the outbreak is consistent with one syndrome. 
Clinical examination or postmortem examination can often pinpoint the 
nature of the disease and its likely source (Thomson and Barker 1979). In 
the absence of a diagnosis, and/or if more than one syndrome is involved 
(the rare case), the investigation procedure may need to differ for each 
syndrome. In either event, adequate tissue and other samples should be 
taken and either submitted for immediate laboratory processing or stored 
for future laboratory work as the situation dictates. This may entail sam-
pling affected animals as well as clinically normal animals in the high risk 
area, or animals outside the high risk area (the latter "normals" provide 
necessary benchmark data in case the responsible agent proves difficult to 
identify). 

Besides directly indicating the disease and/or its source, if a diagnosis 
can be made, it may assist indirectly in identifying the source and nature of 
the problem, because many agents have a strong association with specific 
sources (e.g., salmonella with poultry products and powdered milk). In 
addition, and of greater utility, for many diseases the average incubation 
period can be used to determine the most likely time(s) of exposure. (In 
foodborne out.breaks of disease in humans, information on the incubation 
period is often used to identify the most likely meal at which exposure 
occurred.) This can be done quite formally in retrospective investigations of 
outbreaks. To accomplish this, the midpoint of the epidemic (usually the 
date the 50th percent.ile-median-case occurred) is ident.ified and then the 
average incubation period for the disease is subtracted from this to identify 
the most likely time and/or place of exposure. 

At this point in t.he investigation, the investigator usually has sufficient 
information to formulate some theories about the reasou(s) and source(s} 
for the outbreak. Based on this information, appropriate questions regard-
ing the environment, food, and water are developed. If feedstuffs were 
suspected one would collect data on the composition of the ration and look 
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for associations between each ration component and disease (e.g., in a 
feedlot outbreak, compare the distribution of roughages and concentrates 
to the distribution of disease). Usually, one or more suspect sources will be 
identified at this stage of the investigation. It is often a good idea to take 
some samples at this point. The samples may be submitted to a laboratory 
if a reasonably good diagnosis has been made; alternatively, they may sim-
ply be stored for possible future use. If no associations are found for air, 
water, or feed, the cycle should be repeated using more refined questions. 

Although the investigation often is performed under less than ideal 
circumstances, it is advisable to record all collected data as neatly, com-
pletely, and in as orderly a manner as possible. 1abulation of data in the 
form of an attack rate table is useful (see Tables 12.l and 12.2). 

12.1.3 Attack Rate Table 
In constructing an attack rate table, one must first decide whether the 

individual animal or a group (e.g., a litter or pen) is the correct unit of 
analysis. As a guideline, if the animals are housed, fed, or watered as a 
group the correct unit is the group. Initially, when the group is the unit of 
analysis, it will suffice to classify each group of animals as affected or not. 
The actual level (i.e., morbidity or mortality rate) of disease within a group 
may be required only for detailed studies or for final interpretations. 

Second, it is important to consider whether data are available from a 

Table 12.1. Food·speclfic attack rate table, food poisoning outbreak at a sugar 
bush,Quebec,April1984 

Did not eat Difference 
Ate foods li~ted foods listed between 

Attack Attack attack 
Food m Total rate ('lo) Ill Total rate t'M rares 
Pea soup 59 255 23.13 2 24 8.33 14.80 
Pork and beans 57 235 24.25 4 44 9.09 15.16 
Ham 59 265 22.26 2 14 14.28 7.98 
Salt pork 46 210 21.90 15 69 21.73 0.17 
Omelette 56 223 25.ll 5 56 8.92 16.19 
Potatoes 44 199 22.11 17 80 21.25 0.86 
Pancakes 47 186 25.26 15 93 16.12 9.14 
Eggs in syrup 44 92 47.82 15 187 8.02 39.80 
Milk 32 157 20.38 29 122 23.77 -3.39 
Tea II 41 26.82 49 238 20.58 6.24 
Coffee 27 126 21.42 30 153 19.60 1.82 
Wa1er (surface well) 18 105 17.14 42 174 24.13 -·6.99 
Bread 49 220 22.27 13 59 :U.03 0.24 
Butter 43 208 20.67 18 71 25.35 -4.68 
Pickles 31 l:U 25.40 28 157 17.83 7.57 
Maple syrup 49 207 23.67 12 72 16.66 7.01 
Maple taffy 14 77 18.18 49 202 24.25 -6.0? 

Source: Marcoux et al. 1984, with permission. 
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Table 12.2. Exposures of cases and controls and odds ratios for selected risk fac· 
tors, Campylobacter fejuni case-control study, Colorado, 1981 

Ca'e~ Control> Crude Matched 
odd' ratio odds ratio R1>k facwrs ______ ,. _______________ _:_·-·------···-----·-'-·------·-········-·-·-··----···--·-·-----

Ra-. milk 81 40 5/'71 3.30 6.93 
Ra" water 7;40 4171 3.55 10.74 
C;m in hou~ehold 18/4() J Si"i l 3.05 3.21 
Lndcrcooked d1ide-n i/'2.6 4157 l.88 6.27 

Source: Hopkim et al. 1984. 

representative cross-section of the population at risk, or whether the data 
are obtained in a case-control fashion (i.e., data are obtained from some or 
all of the cases and from some of the unaffected population). In the former 
case, the risk (rate) of disease can be directly determined for each suspect 
faccor (Table 12. I). In the latter case, direct estimates of attack rates are not 
possible and one must compare the proportion of cases that were exposed 
to a factor to the proportion of exposed noncases using the odds ratio 
(Table 12.2). 

A third consideration is whether to use formal statistical tests to evalu-
ate the probability of "chance variations" explaining the observed dif-
ferences. In general, formal testing is required only in the final stages of the 
investigation and/or in nonemergency outbreak investigations. 

Once the data are summarized and tabulated, the following guidelines 
are useful to determine if an item (e.g., a ration component) is the source of 
the agent. If exposure to a specific source (factor) is the cause of the out-
break: (1) there should be little or no disease in unexposed units (i.e., 
individuals or groups); (2) most of the affected units should be exposed to 
that item; and (3) as a result of l and 2, the relative risk (or odds ratio) and/ 
or the attributable rate should be large for exposure to that item. 

A general guideline is to ignore those items to which all the population 
at risk is exposed, unless it is possible to refine questions about these items 
and hence investigate the relationship between iiubitems and the disease. 
For example, all cattle in a feedlot might receive silage, yet rather than 
ignoring this item, one might inquire about different Jots of silage before 
proceeding. On the other hand, if there is only one source of water for all 
animals and the distribution of the outbreak is not uniform throughout the 
population, water could be considered an unlikely source of the problem. 

The data in Table l 2.1 relate to an outbreak of food poisoning in 
people who had eaten at a maple sugar bush party in Quebec, Canada. The 
food items served at the bush party are listed and the number of people 
eating and not eating each food item noted, together with the number in 
each of these groups that became ill. After calculating the attack rates, the 
attributable rate is calculated for each food item; the food item with the 
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largest attributable rate being the most likely source of the problem. (The 
relative risk or odds ratio could also have been used for this purpose.) In 
this instance, the eggs in syrup were the most likely source; culturing of 
these yielded a coagulase-positive staphylococcus. Later, this organism was 
demonstrated to be of the same phage type as was found in the stool and 
vomitus of the ill people. 

The data in lable 12.2 relate to selected risk factors for cases of Cam-
py!obacter jejuni infection (only those factors producing an elevated odds 
ratio are shown). Since the total exposed population was unknown, the 
sampling of affected and nonaffected people was done in a case-control 
fashion. Cases were obtained from hospital and laboratory records. Two 
controls were chosen for each case and were matched for age and sex. One 
control was the nearest neighbor of the case, the other was a bes! friend of 
the case. Because of this selection procedure, disease rates by item cannot 
be calculated; hence odds ratios are used to measure the strength of associa-
tion. Note that the odds ratios (Table 12.2) were larger when the analysis 
considered the matching; this would indicate that age and/or sex were 
related to both the risk factors and C. jejuni infection. The risk factors 
themselves were interrelated and the Mantel-Haenszel procedure was used 
to control for these {data not shown). Iwo of the risk factors for infection, 
raw water and raw milk, are also associated with large-scale outbreaks of 
C. jejuni intestinal disease in man. 

At this stage of the investigation, sufficient information should be 
available to identify and remove (control) the most likely sources. Samples 
of the suspect items should be collected, if they haven't been, for future 
microbiologic or chemical analyses. In special circumstances, a feeding or 
exposure trial can be used to quickly evaluate suspect sources (e.g., using 
laboratory animals, or using "poor-doers" in a chronic-case pen in a feedlot 
or swine facility). 

A final and important step is to recommend procedures to prevent 
recurrence of the problem. These might involve suggestions about using a 
different water source, different ration preparation and handling proce-
dures, or ensuring appropriate ventilation when agitating slurry. A detailed 
written report outlining the investigation, its findings, and recommenda-
tions should be given to the client at the termination of the investigation. 

If multiple premises are involved in an outbreak, the approach is simi-
lar to that outlined. If the cemporal pattern of the outbreak suggests a point 
epidemic, and only one syndrome appears to be present (in the absence of a 
confirmed diagnosis), a formal search for t.he common source should com-
mence. The unit of analysis is the premise (e.g., herd or flock). If the 
outbreak appears to resemble a propagated epidemic, the investigation may 
be more complex. Nonetheless, examining the first premise to report prob-
lems for recent additions (of animals, feedstuffs, equipment changes, fertil-
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izers, insecticides, etc.) should be an early task as one is looking for a single 
factor common to all farms. In addition, a formal comparison of the char-
acteristics of, and recent happenings on, affected farms to the characteris-
tics of nearby nonaffected farms using the attack rate table approach 
should prove useful in identifying the source of the problem. Again, al-
though a confirmed diagnosis is helpful in directing the investigation, one 
should not delay the collection of appropriate data by waiting for a diagno-
sis to be made. Such a delay may prove costly because the source (e.g .• 
contaminated feed) may continue to spread and/or the source (e.g .. con-
taminated feed or disinfectant) may be used before appropriate samples are 
collected. In the latter instance, it may never be possible to complete the 
investigation, leaving the client and the investigator with only circumstan-
tial evidence. 

12.2 Endemic Diseases 
12.2.1 Epidemiology and Health Management 

Health managemem, as the name implies, is the action of managing 
the health (including prevention and treatment of disease) of animal popu-
lations. In farm animals, the process represents an extension to what arc 
currently called herd health programs (Botterell 1976). Some have coined 
the term planned animal heaJth and production services (PAHAPS) for 
these activities (Blood 1979). Health management programs require knowl-
edge from a number of areas, indu<ling traditional medicine (etiology, 
pathogenesis, diagnosis, and treatment of disease), animal behavior, nutri-
tion, animal management, and housing, as well as epidemiology and eco-
nomics. (One might also add selected skills from sociology and psychology, 
since an understanding of the owner/manager may prove vital to the intro-
duction and continued success of health management programs.) In gen-
eral, health management programs are targeted ar animal populations; 
however, the actual delivery will likely involve different levels of organiza-
tion from the individual (animal/animal owner) to larger groups (herds, 
kennels) as the units of concern. 

The specific roles of epidemiology and economics in health manage-
ment programs are still evolving (Martin 1982), but. they tend to function as 
integrative disciplines in that chey provide the concepts and tools to under-
stand and investigate relationships among the factors contributing to the 
productivity of the animal population(s) of concern. Although the princi-
ples of health management apply to veterinary public health, private food 
animal and companion animal medicine, and regulatory (public) veterinary 
medicine, nowhere is the need for epidemiologic input greater than in the 
field of health management of farm animals, particularly those animals 
reared under intensive management conditions. Schwabe et al. (1977, 
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p 276) indicate quite correctly that the current intensification of animal 
agriculture in North America has been made possible largely because of the 
efforts of publicly employed veterinarians who were able to control diseases 
such as Texas fever, Trichinella spiralis, contagious bovine pleuropneumo-
nia, and more recently hog cholera. Today, the national veterinary service in 
most countries with intensive agricultural industries has the responsibility 
for the ongoing exclusion of many potentially devastating diseases such as 
foot-and-mouth disease and African swine fever, as well as pursuing the 
control and/or eradication of endemic diseases such as brucellosis and tu-
berculosis. All these activities are essential to provide an umbrella of pro-
tection over the intensive domestic animal industries. 

Epidemiologic methods were essential co these early activities in do-
mestic control and still play a central role in the programs of organized 
veterinary medicine. The major intent of this and the subsequent section is 
to demonstrate and reinforce the potential value of an epidemiologic ap-
proach to health management at the farm/veterinary practice level by 
private practitioners. 

This section could begin with an exhaustive list of diseases for which 
the natural history remains unclear. This list would certainly include dis-
eases such as bovine virus diarrhea, infectious bovine rhinotracheitis, avian 
mycoplasma infections, bluetongue, and Aujeszky's disease. However, such 
a listing might in itself suggest that an agent by agent or disease by disease 
approach to disease control is the best way of proceeding. Certainly past 
successes have shown that such an approach works; yet, the major prob-
lems confronting domestic animal industries today are multietiologic in 
nature. Hence, a manifestational rather than an etiologic classification of 
problems seems more appropriate. (Multietiologic implies that many agents 
and/or many factors in addition to specific agents are involved in causing 
that disease.) These multietiologica1 manifestational syndromes include res-
piratory disease in the swine, beef, and poultry industries, neonatal mortal-
ity and reproductive inefficiencies in all species, and metabolic diseases and 
mastitis in dairy cows. By their very nature, these diseases are difficult to 
study under controlled laboratory conditions; hence, the real world (i.e., 
the feedlot, swine barn, or poultry house) will become an important "labo-
ratory" for their investigation. It is here that the applied techniques of 
epidemiology, including analytic studies, field experiments, and simulation 
modeling, will prove extremely useful. 

It would be false to suggest that well-designed field studies have ap-
peared only recently, or that without formal epidemiologic training, good 
field studies and field investigations are not possible. Certainly, qualitative 
epidemiologic skills have been used for many years, often in conjunction 
with microbiologic and clinical skills. What is true, however, is that quanti-
tative epidemiologic techniques have only recently been applied to investi-
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gations of problems in farm animal industries. For example, the first for-
mal case-control study in farm animals was an investigation of the etiology 
of left displacement of the abomasum in dairy cows reported in 1968 
(Robertson l %8). 

In domestic animals, in addition to untangling the various diseases 
involved in these multietiologic syndromes, the major questions 10 be re-
solved are the impact of these syndromes on productivity, and identifying 
the factors causing the syndromes. As well as the obvious value to the 
animal owner, answers to these questions should provide a rational basis 
for establishing research priorities. To ensure that production is emphasized 
as the end point, it might be instructive to identify specific deficit areas of 
production and then idemify the causes of these deficits. It is quite likely 
that management errors and subclinical problems as well as clinical disease 
per se will be identified in this manner. Identifying the causes of these 
production deficits will frequently lead to studying the interrelationships 
among diseases, identifying important host characteristics, and elucidating 
the more important environmental determinants of the problem. Just as 
infectious agents affect each other directly and indirectly, and the effects of 
multiple infections on the host may be additive or interactive, diseases also 
tend to be associated with each other and their combined effects on each 
other and on production may be additive or interactive. 

New and more exacting epidemiologic techniques applkable to health 
management will be developed as studies at the individual animal level 
progress to studies at the herd level. For example, in 1975, epidemiologic 
studies al the Ontario Veterinary College (OVC) were initiated into the 
interrelationships among diseases and their effects on productivity in 18 
dairy herds. The data base was assembled in a manual fashion by copying 
the information from individual cow cards, OVC hospital records, and 
Record of Performance production testing program records. Much data 
were discarded because of apparent errors, and the definitions of many of 
the disease syndromes had to be quite general. A number of clinicians had 
input data into the medical records or on the cow cards. Consequently the 
diagnoses, although probably of high quality, were based on nonstandard-
ized terminology. Despite these difficulties much useful information was 
obtained from these initial studies (Erb and Martin 1980; Erb et al. 1981). 

Subsequently, a prospective study was initiated that included more 
herds (n ::::: 32) in a wider geographic area serviced by three different veteri-
nary practices. In this study, dairy farmers were asked to maintain records 
specifically for the senior investigator. In most instances this only required 
increased vigilance on the part of the farmer because most already had a 
recordkecping system; the new feature was that someone was going to 
formally analyze the data. Through regular farm visits by the senior investi-
gator and with the help of the enthusiastic dairy farmers and their veteri-



294 IV I Applied Epidemiology 

narians, a large high quality data base was established. Again, however, 
many diagnostic categories had to remain general to take account of the 
variation in terminology and procedures among veterinary practices. Much 
useful research data were obtained in this study, and new epidemiologic 
techniques for case-control studies were developed to assist in its analysis. 
In addition, practical advice about the advisability of selected management 
practices (e.g., the effect of delaying the first breeding to approximately 90 
days postpartum) based on formally analyzed field data was generated 
(Dohoo 1983). Also in this study, initial attempts at explaining herd-to-herd 
variation in production and disease rates were completed (Dohoo et al. 
1984). 

The most recent epidemiologic studies at the individual cow level were 
based on data resulting from a field trial designed to study the efficacy of 
two biologics on reproductive performance. The study took place in one 
large (300 cows) dairy herd, and the majority of observations were made 
and recorded by one veterinarian. Together with much attention to detail, 
this provided a high quality data base that in addition to meeting the field-
trial objectives has been used to study interrelationships among diseases 
and their effects on productivity in dairy cows. Not only arc the diagnostic 
criteria well defined, some of the diagnoses are supplemented by the results 
of laboratory tests (e.g., plasma progesterone levels) (Etherington et al. 
I984a). 

As the use of computers in the livestock industries increases, large, 
accurate data bases will become available on which to base research activi-
ties and from which invaluable data for extension activities can be drawn. 
As dairy farmers gain positive results by keeping and analyzing (in conjunc-
tion with the veterinarian and extension personnel) data on their animals, 
there will be a natural tendency to increase the quality and the quantity of 
the dat.a recorded. Thus, future large-scale research projects may be based 
on data derived from recording systems primarily instigated to assist the 
farmer and the veterinarian to make better management decisions (see 
10.4). With some concerted efforts toward standardization of diagnostic 
terminology, such a data base, when supplemented by well planne<l meta-
bolic and microbiologic profiles, should allow a comprehensive picture of 
relationship~ among management factors, agents, disease, and production 
at the individual cow level. It should abo prove useful for studies of the 
association between genotype and disease occurrence. 

The health management area requiring increased study over the next 
few decades is at the herd level (i.e., the identification of factors that 
influence herd-to-herd variation in productivity and disease occurrence). 
Just as it is ditficulr to understand how individuals function by examining 
cells and organs, it is difficult to understand how herds or other aggregates 
of individuals function by studying only individuals. Until recently, how-



12 I Field Investigations 295 

ever, the technology to study sufficiently large numbers of herds has not 
been available; the widespread use of computers and the increased avail-
ability of appropriate software has largely circumvented this limitation. For 
example, a further major cpidemiologic project involving the dairy industry 
and workers at the OVC focused on a random sample of southwestern 
Ontario dairy herds. The 104 farms took part in a 3-year study designed to 
investigate associations among disease, drug usage, and productivity. Two-
thirds of the farms provided farm-level data only (e.g., the number of cows 
with retained fetal membranes and/or mctritis each month), whereas one-
third provided both individual cow level and herd data (i.e., which cows 
had metritis) (Meek et al. 1986). 

One recent example of a health study where an aggregate of individ-
uals was the unit of concern is the Bruce County Beef Health Project 
conducted in Ontario, Canada (Martin et al. 1982a). This project com-
menced in 1978 and continued for 3 years. In each of the years, between 60 
and 70 feedlot operators collaborated in the project by providing daily 
treatment and death loss records, weekly ration content descriptions, and a 
record of all processing (vaccinations, deworming, castration, etc.) for each 
identifiable group of calves. Each year there were approximately 1 IO 
groups of cattle, containing an average of 140 beef calves each. The demo-
graphic characteristics of each group of calves, their source, and method of 
transportation to the feedlot, as well as their housing and management 
were recorded by the investigators shortly after arrivaJ. Approximately 
80% of all animals that died were examined by pathologists, microbiolo-
gists, and parasitologists at the OVC. 

The majority of the calves in this study were highly stressed; they were 
raised on open pastures in western Canada, weaned, trucked to salesyards, 
and shortly thereafter transported by truck or train for a period of 3-7 
days (2000-3000 km) to Ontario. Some went directly to feedlots, others 
were sorted into homogenous groups and resold at salesyards in Ontario. 
Most of the calves had never eaten from a feed bunk or drunk water from a 
bowl or trough prior to this. Not surprisingly, because of these stresses and 
the often inclement weather during this time of the year, the calves were 
susceptible to many disease conditions; particularly respiratory disease, the 
main clinical condition being a respiratory syndrome associated with fibrin-
ous pneumonia. However, because it is difficult to clinically distinguish 
among the respiratory diseases, the general syndrome is usually referred to 
as the shipping fever complex. 

The findings of the pathologists reinforced the overall importance of 
respiratory disease with the proportional mortality rate for respiratory dis-
ease varying from 54% to 64~'o. Yet, the proportional mortality rate for 
fibrinous pneumonia decreased dramatically in the last year of the study 
from 43% to 29% in the face of a stable overall mortality rate. It was 
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postulated that this decline was due to producers avoiding ccnain manage-
ment practices that had been associated with fibrinous pneumonia in the 
previous years. Since it was not possible to derive accurate cause-specific 
morbidity data, in one series of analyses the groups of calves were catego-
rized in a case-control manner into those having one or more deaths from a 
specific cause versus no deaths from that cause. Differences between these 
groups in terms of demographic characteristics, housing, feeding, and 
processing factors were studied. In general, the important factors were 
those associated with crude mortality rates (Martin et al. l 982b ); this may 
have been due to the overwhelming importance of a few diseases, such as 
fibrinous pneumonia, bronchial pneumonia, interstitial pneumonia, infec-
tious bovine rhinotracheitis, and infectious thrornboembolic meningoen-
cephalitis. 

The major method of analysis used to sort through the large number 
of potential risk factors was multiple regression. This technique aJlows the 
investigator to examine the effects of one factor while other factors in the 
regression equation are held constant mathematically. In this regard, least 
squares multiple regression is analogous to the Mantel-Haenszel technique 
and is appropriate when the outcome (dependent variable) is a quantitative 
variable. Logistic regression, a powerful extension of the Mantel-Haenszel 
technique, also was used in one set of analyses (Martin et al. 1982b). (The 
basic limitation to the Mantel-Haenszel technique is that one must explicitly 
create a 2 x 2 table at each level of !he confounding variable, or combina· 
tion of confounding variables. With five binary variables, at least 32 tables 
are required, and if the data set contains only a few hundred sampling 
units- groups of calves in the case of the Bruce County Study- many of 
the cell entries will be zero. Logistic regression, in a manner similar to 
multiple least squares regression, allows one to obviate this problem.) 

Detailed discussions of the results of the above project are available 
and are not germane to the objectives here. The major point to stress is that 
formal analyses at the group and/or farm level are extremely useful in 
providing information for rational decision making. However, no one 
study should be viewed in isolation. Results from all studies, be they obser-
vational, experimental, or theoretical, must be integrated with local expe-
rience and interpreted in combination. (Throughout this text, constraints 
have been mentioned in terms of one's ability 10 learn by experience. While 
it is true for manual skills that practice makes perfect, the same is not 
necessarily true when making management decisions. Although experience 
ought not be ignored, one needs to recognize its tendency to lead to 
au1 horitarian rather than authoritative discussions.) 

During the past decade, a number of well-designed farm-level studies 
of dairy farms have been initiated or reported. If these studies have a 
drawback, it is that the number of herds involved was too few to allow 
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formal analyses of factors that might have impacted on productivity or 
disease occurrence. Nonetheless, there is an excellent series of reports on 
the Australian experience with planned animal health programs (Blood et 
al. I 978; Cannon et al. 1978; Morris et al. I 978a, b; and Williamson et al. 
1978). Recently, two reports on herd-level studies in Minnesota dairy herds 
have also been published (Hird and Robinson, 1982, 1983). 

Investigations into calf survival have also been conducted at the herd 
level, although not many studies have formally analyzed differences in mor-
bidity and mortality among herds for their relationship to management 
practices. Nonetheless, insight into how to conduct field studies of calf 
survival and the problems associated with them can be found in recent 
articles. A study of calf survival in Norway utilized data from a large 
number of herds; however, the emphasis appeared to be on individual calf 
survival and factors relating to this (the outcome was lived or died for each 
calf in the study). Herd-level and individual animal factors were used as 
predictor variables but did not appear to be important (Simensen 1983). 
The results of a recent study in Ohio suggest that management factors arc 
more predictive of disease problems in calves than is the presence or ab-
sence of putative pathogens (Hancock 1983). Again, this was difficult to 
formally assess because of the small number of herds in the study. 

Currently, a study of calf survival and factors influencing it is being 
conducted on 104 dairy farms in Ontario as part of a larger overall dairy 
farm study referred to previously (Meek et al. 1986). At the beginning of 
the study, each farm was visited and a calf management policy question-
naire was administered by personal imerview. At that time, the physical 
calf rearing facilities were also evaluated. At the end of the first year, each 
farmer was mailed a "re-check" questionnaire containing a subset of ques-
tions from the original survey. At the end of the second year, all farms were 
visited and, where possible, fecal samples from the youngest one or two 
calves under 2 weeks of age were obtained for microbiologic screening. 
These samples were used to assess the relationships between pathogen sta-
tus and disease. All farmers kept daily log sheets of all calf births, preven-
tive and disease treatments, and deaths among preweaned calves, and these 
sheets were picked up during regular visits by the project field technicians. 
At the end of the survey, as part of a more general management question-
naire, the dairy farmers were asked to note any recently implemented calf 
management policy changes. It is anticipated that the results of this study 
will provide solid, scientifically valid evidence on the effect of a number of 
factors that are thought to impact on calf morbidity and mortality 
(Waltner-Toews 1985). A herd-level field trial of rota-corona virus vaccine 
and E. coli bacteria was conducted as part of this study (Waltner-Toews et 
at. 1985). 

Although this section has emphasized bovine health management, the 
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philosophy of health management at the herd level is perhaps more ad-
vanced in the swine industry, and examples of this will be presented in 
subsequent sections. Also, despite the overwhelming emphasis on and im-
portance of the individual in companion animal medicine, there is a great 
need for the formal application of epidemiologic methods in this area. 
Studies dealing with such items as population disease control, population 
control, animal behavior, and the human-animal bond (Loew 1976; 
Schwabe 1984) are desperately needed. 

12.2.2 Problem Resolution in Intensively Managed Units 
Although disease outbreaks still occur, many of the diseases that have 

high case fatality rates, or pose a significant direct public health threat, or 
interfere with international trade have been brought under control in many 
countries. If these diseases still exist, they often do so at hypoendemic or 
sporadic levels. Since 1960, it has become apparent that endemic, often 
subclinical, diseases have a large impact on the productivity of intensively 
reared animals. As mentioned, control of many of the epidemic diseases 
allowed a fundamental change in the structure of agriculture toward larger 
monospecies farms. Thus, in the past few decades, veterinarians have be-
gun to turn their attention toward the farm or flock as the unit of concern 
rather than the individual animal. This trend is particularly advanced in the 
poultry industry, commercial swine operations, and the beef feedlot in-
dustry. Even in the dairy industry, where individual purebred animals still 
have great economic value, the trend is away from the individual toward 
the herd. As part of this change in emphasis, veterinarians must acquire 
new skills to identify and deal with problems at the herd level; an extrapola-
tion of skills appropriate to individual animals is not a satisfactory solu-
tion. Basic epidemiologic training can provide many of these skills, but 
veterinarians will have to modify and extend many of the current problem-
solving techniques of epidemiology to make them more suitable for use in 
intensive animal industries. Today, there is only sparse information on the 
concepts and techniques of problem solving at the herd level in veterinary 
medicine. The following discussion should prove useful as an initial meth-
odology in this regard, and it is hoped, will provide the stimulus for the 
required new developments in this area. 

The discussion assumes that an adequate on-farm data recording and 
analysis system exists, because in tht: absence of such a system problem 
solving at the herd level becomes a difficult, often hit-and-miss operation. 
The record system need not be computerized, but it is likely most farms will 
utilize a computerized system in the future. 

The development of both computer software and hardware products 
appropriate to veterinarians and their clients is an active and evolving area. 
It is not the intent to describe or evaluate these systems here, but rather to 
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provide a sound basis for their introduction, adaptation, and usage (Meek 
et al. 1975). The evolution of one major system (DAISY) designed for the 
dairy industry is a useful study for those contemplating work in this area 
(Stephens et al. 1982). Programs for the swine industry are also appearing 
rapidly, particularly after descriptions oft.he design (Pepper et al. 1977) and 
use of (Pepper and Taylor 1977) a breeding records system in England were 
published. A recent comprehensive overview of swine recording systems in 
the United Kingdom (Davies 1983) and a formal evaluation of a number of 
dairy recording systems (Etherington et al. 1984b) are also available. A 
schematic ourline of the steps involved in designing and using a health-
oriented data base is shown in Figure 12.3. These include formulating a set 
of written production-based objectives, deciding on critical levels for a 
number of parameters that signal the need for investigation, preparing 
action lists to remind the client and 1 he veterinarian of routine duties as well 
as identifying problem areas and/or problem animals, and monitoring the 
production response. If current objectives are not being met, the herd 
management and/or health maintenance program will require modifica-
tion. If the current objectives are being met, steps may be required co 
safeguard the herd; in other cases production targets may be raised. 

1\n> important features of a health management strategy are: First, it 
is unlikely that by helping to achieve production goals the veterinarian will 

SET OBJECTIVES. Productlorl-bued (Wrthout otljectives you will just keep 
~ "doing 90m8thing"; i.e., Let's try thial) 

SET LOWER ACCEPTABlf LIMITS FOR INITIATING ACTION: 8-i on production 
~ deficit (e.g., 1 or 2 standard dlMatlon decrease in milk production) 

00 SOMETHING: Action lists; helpful tor organizing ellorts 

Routine actions; farmer (e.g .• heat detection, breeding, 
drying of, cull, etc.) 

vetOOnarlan (pl'egnancy ctiecil, problem CO'l'ltl, 
vaccine &Chedule. etc.} 

Problem resolution: often the first opportunity to initiate 
a lull health maintenance program (see 
next page lo< details) 

MEASURE THE EFFECT OF THE ACTION (MONITOR PRODUCTION) 

* 
IS THE OBJECTIVE ATTAINED? O.e., Is the problem solved?) 

• REFINE THE SYSTEM AS NECESSARY 

12.3. Schematic outline of a health managemem stragegy for inoivodual produclion 
unot 



300 IV I Applied Epidemiology 

have no work. Rather, most clients will ask the veterinarian to remain as an 
integral component of the management of the production unit. Second, it is 
of paramount importance that the veterinarian and client learn from their 
activities, be they successes or failures. Otherwise there is a tendency to 
redouble efforts yet go nowhere, as if on a treadmill (Esslemont et aL 1981). 
If problems exist, be they production deficits or increased disease occur-
rence, an outline of procedures to resolve them is presented in Figures 12.4 
and 12.5. In this outline it is assumed that a dairy herd is the unit of 
concern; however, similar charts could be drawn by analogy for poultry, 
swine (e.g., see Davies 1983, p 55), and beef units. 

Step 1 

Step 2 

Monitor Productivity 
{Milk/cowfday) 
(Survivorship) 

t 
Identify if problem exists - Is it acute or chronic? 

+ 
Determine What Is the Problem 

/ " Reproduction Milk Production 

(Calving to 
conception 

lnt&rval} 

Nutrflion or 
general 
management 

(Mtlkicow 
mllilingtday) 
(Lactation curves) 
(Body condition 
scores) 

Subc!inlcal 
diselllMS 

(e.g., mastt!ls) 

(Bulk tank SCC) 
(Hl!lfd average 

SCC) 

- If average value for an index 1s abnormal ~ herd problem 

Clinical 
diseases 

(lactational 
incidence 

rates) 

- If standard deviation is too large ,, problem with mdividuals or group. 

t 
Step 3 Identify, in Specific Terms, What the Problem Is (see Fig. 125) 

Step 4 

Step 5 

When, Who, Whete + Additional Data 

What and Why 

+ Institute Corrective Measures - based on 
- Curren1 knOWledge (lilerature and experience) 
- ASStstance - specialists, extension personnel 
- Fmmal studies - field trials t 

Monitor Production 

Is problem resolved? - Yes - Institute preventive measures 
No - Re-examine problem and 

corrective measures 

12.4. Problem resolution m individual prOduciion unit (dairy herd). 
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Time Interval Factors and Diagnostic Indices 

- Calving problems - % dystocia 
- Postpartum disease rates 
-· % of cows with ovarian structure at postpartum exam 
- % in heat by 60 days 

CT 
Days '° First Estrus {Herd A11erage) 

l - Deferral days (owner decision) 
- Disease rates 
- Estrus delecitOn (ratio of single to double heal cycles) 
- % bred by 90 days 

Days to First Breeding (Herd A11erage) 

- First service conception ra!e 
- Number of seMces per conception 
- Reproduciion disease rates 
·- Semen Quality 
- Timing o! insemination 
- Estrus deteclion - % cows pregnancy disposed ''open· 
- Disease rates 

CT• " Co"'"''~:::~ '"M 
lntercalving Interval 

12.5. Use of diegnos!ic indices (reproduction problem 111 dairy herd) 

The first step in problem resolution is to identify that a problem exists 
and to define in general terms what the problem is. In this regard, a few 
production parameters that are both biologically and economically mean-
ingful should be monitored on a regular basis. For a dairy herd. monitoring 
suitable herd production parameters (such as milk production per unit time 
and survivorship in adult animals) will indicate when a problem exists. (For 
calves, growth rates and survivorship would be appropriate parameters to 
measure.) Milk production per cow per day is probably the most useful 
overall measure of productivity, biologically and economically, because it 
incorporates measures of milk production and reproductive performance 
(Morris 1971 ). If this is low, one would then proceed to identify whether 
the major problem lies in reproductive performance, milk production, or 
both. The temporal pattern of milk/cow/day can easily be monitored by 
dividing the volume of milk shipped each day by the number of cows in the 
herd and plotting the result against time. The resultant graph can quickly 
idemify sudden changes in productivity (e.g., reduced milk production), 
and it can also be used to monitor long-term trends (such as a gradual 
reduction in productivity due to declining reproductive performance}. 
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Once it is known that a problem exists, the second step is to examine 
additional parameters to determine what the problem is. For example, the 
herd average calving-to-conception interval or the percent of the herd preg-
nant by 120 days are useful parameters for assessing the overall efficiency 
of a dairy herd's reproductive program. While, the average calving-to-con-
ception interval is perhaps the easier parameter to interpret, determination 
of which cows to include in the calculation can be difficult. Cows that never 
conceive will not be included in rhe calculation, and consequemly the pa-
rameter may overstate the true efficiency of the breeding program. On the 
other hand, percent of the herd pregnant by 120 days (or any other agreed 
upon cut-off point) circumvents this problem and identifies a production 
deficit quickly. However, it suffers from the drawback chat a cow open 200 
days has no greater impact on the parameter than a cow open 121 days. 
Additional parameters worth monitoring in a dairy herd include: milk/ 
cow/day (a measure of nutritional status and other general management 
factors); bulk tank somatic cell count or the herd geometric mean somatic 
cell count (indicators of subdinical mastitis); and the lactational incidence 
rates of the more common clinically evident diseases. 

Although changes in any of the parameters described above will even-
tually result in a change in the overall measure of productivity (i.e., milk/ 
cow/day), there will inevitably be a delay before the change is apparent. 
Since most of the parameters are readily available, many producers will 
choose to monitor the more specific parameters on a regular basis. For 
example, an increase in subclinical mastitis will inevitably result in a reduc-
tion in milk/cow/day. However, since many other changes may be taking 
place in a herd at the same time (e.g., cows drying off and freshening, 
ration changes, etc.), the reduction in milk/cow/day may not be evident 
for some time. The bulk tank somatic cell count is a more sensitive indica-
tor of the level of subclinical mastitis and will reflect the change more 
quickly. Consequently, there is merit in monitoring these more specific pa-
rameters to prevent a drop in productivity. 

The third step in problem resolution is to determine in very specific 
terms what the problem is and why it has occurred. An analogous situation 
in individual animal medicine would be progressing from an observation 
that a dog has a persistent ocular discharge to a diagnosis of keratocon-
junctivitis ska due to inadequate tear production. However, imtead of 
using clinical examinations and diagnostic tests to refine the diagnosis, the 
veterinarian analyzl.!s herd records and the resulrs of screening tests. 

To further define the problem on a herd basis, it is necessary to identify 
,,.·hen and where the problem occurs and which animals are affected. In 
answering these questions, parameters called diagnostic indices (William-
son 198 l) arc used to assess specific aspects of the production system. As an 
example, the first service conception rate in a dairy herd is a good indicator 
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of fertility in cows presented for breeding. The herd's average values of 
these diagnostic indices should be compared to preset targets or goats. In 
addition, for production units with sufficient animals, it is useful to note 
the standard deviation of the indices. An abnormal average with an accept-
able standard deviation indicates a general herd problem, as. for example, 
one that would result from inadequate nutrition or a herd-wide manage-
ment problem. A large standard deviation indicates that individual animals 
or a subset of the herd constitutes a major part of the problem, and one 
should identify these abnormal animals and try to determine reasons for 
their poor performance. A small standard deviation is as important to 
economic return and ease of management as meeting a stated production 
average (Blood et al. 1978; Morris 1971 ). 

For herd medicine problems, one of the most important determina-
tions to be made is, When in the production cycle does the problem occur? 
For a reproductive problem, this question becomes, At what point between 
calving and eventual conception are events not occurring as expected? To 
answer this question, the calving-to-conception interval is subdivided and 
various parameters that assess specific portions of the reproductive pro-
gram are calculated (Fig. 12.5). For example, if a herd has a prolonged 
calving-to-conception interval ( 160 days) but an acceptable average number 
of days to first breeding (70 days), parameters such as number of services 
per conception, percentage of cows presented for pregnancy diagnosis that 
are found to be "open" (a measure of estrus detection in the herd) (William-
son 198J), and incidence rates of cystic ovaries and other reproductive 
diseases should be examined. 

While examining the question, When does the problem occur?, it is 
also appropriate to examine the temporal distribution of the problem. This 
may involve determining long-term trends, seasonal variations, and even 
short-term variations. For example, if a herd has an excessive number of 
services per conception, it would be appropriate to examine conception 
rates by day of the week. It is possible chat the individuals responsible for 
inseminations on the weekend are not as skilled as their weekday counter-
part.s. Conception rates may also vary seasonally in response to changes in 
nutrition and housing. 

Determining which animals are involved in a problem requires a crite-
rion by which animals can be classed as "normal" (e.g., 80 days for calving 
to first breeding or 200,000 cells/ml for a somatic cell count) or "abnor-
mal". Then the percentage of abnormal animals in various groups within 
the herd can be calculated. It may be informative to compare animals of 
different age groups, different breeds. high producers versus low producers, 
etc. For example. determining the prevalence of elevated cell counts in cows 
in various age groups can be helpful in arriving at a "herd diagnosis" (see 
Example l, below). 
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The question of where the problem is occurring can be answered in a 
similar manner. The relative frequency with which the problem appears in 
animals in different pens or barns, or different locations within a barn or a 
milking string should be determined. This information can then be studied 
and possible explanations for the pattern such as ventilation problems or 
inadequate water sources can be sought. 

Answering the questions when, who, and where may not completely 
define the problem at hand and additional data may be required. Once 
collected, these additional data can be combined with the information 
about when, who, and where for a detailed specific definition of what. the 
problem is. As an example, a veterinarian may start a problem-solving 
exercise with the observation !hat the calving-to-conception interval for a 
herd is too long and has a large standard deviation. Through the analyses 
of appropriate records it may be possible to identify that the specific prob-
lem relates to very low conception rates in cows bred on Friday, Saturday, 
and Sunday. The veterinarian and producer would then have to collect 
additional data or conduct a small trial to determine if the problem relates 
to cows being bred at the wrong time in their cycle on the weekends (i.e., a 
problem in estrus detection) or to inappropriate technique on the part of 
the inseminator. 

Once a clear statement has been made as to what the problem is, the 
number of possible explanations as to why it is occurring will be greatly 
reduced. In the example above, if it turns out that cows not in heat are 
being bred on the weekend, the possible explanations might include inabil-
ity of the person involved to correctly identify the signs of heat, or incorrect 
recording of cow names and numbers. 

This approach to problem solving is not restricted to situations where 
dramatically serious deficits exist. As the following two examples show, it 
can be used to help rectify relatively minor or moderate problems to im-
prove the productivity of the herd. 

12.2.2., PROBLEM RESOLUTION: EXAMPLE 1 A 90-cow Holstein-Friesian herd in 
Ontario, Canada had a rolling herd average of 147 BCA units and a daily 
milk production of 20. 7 liters/cow/day. Both production parameters indi-
cated a reasonable level of milk production, but the bulk tank somatic cell 
count (SSC) had averaged 509,000 cells/ml over the last 6 months. The 
producer was not particularly concerned, but the veterinarian pointed out 
that with milk valued at $40/hL, there was a loss in excess of $8000/yr in 
milk compared to production at a cell count average of 150,000 cells/ml 
(Dohoo et al. 1984). 

To further investigate the problem, the veterinarian classified all the 
cows as having "elevated SCC" if their most recent individual cow somatic 
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cell count was over 200,000 cells/ml and "normal" if it was less. While 
investigating when the problem o<:curred, it was found that the distribution 
of counts according to the cows' stage of lactation was as follows: 

Elevated 
Normal 

11 % 
891l/o 

35°10 
650i'o 

791Jfo 
2107o 

In general, counts were low early in lactation, sugge~ting the dry cow 
therapy program on this farm was adequate and also that the majority of 
new infections were not occurring around the time of parturition. The 
dramatic rise in the prevalence of elevated counts throughout the lactation 
is suggestive of cow-to-cow transmission of a pathogenic agent. 

·10 determine which cows were infected, the cows were classified ac-
cording to age and cell count status with the following results: 

sec 
Elevated 
Normal 

25 lli'o 
75% 

550/o 
450/o 

75 11'0 

25% 

It wa<; quite evident that the prevalence of elevated counts increased with 
the age of the cows, but since one expects very few elevated counts in first 
calf heifers, the 25% prevalence observed in this herd was additional cause 
for concern. 

At this point it was concluded that the herd had a high prevalence of 
infection, with cow-to-cow spread during the lactation being the most likely 
mechanism of transmission. It was also concluded that most infections 
were eliminated by the dry cow therapy and that management at the time of 
calving was adequate since relatively few new infections occurred then. 

To further characterize the problem, data about the incidence of clini-
cal mastitis were collected, and composite milk samples from the 75 milk-
ing cows were collected for culturing. The incidence of clinical mastitis was 
2.7% per month (i.e., 2.7 cases/100 cows/mo), which was deemed accept-
able. Of the 31 samples that were culture positive, 26 (84%) yielded Strep-
tocoC(11S agalactiae. 

The "herd diagnosis" of this problem could now be stated as a high 
rate of cow-to-cow transmission of S. agalactiae during lactation, resulting 
in a high prevalence of subclinical mastitis with an attendant economic loss 
in excess of $8000/yr. Resolution of the problem depended on identifying 
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those faults in the milking system and the operator's technique that. related 
either to cow-to-cow transmission of the organism or to increasing the 
susceptibility of the cows to new infections. 

12.2.2.2 PROBLEM RESOLUTION: EXAMPLE 2 A 200-cow Holstein-Friesian herd 
in Ontario, Canada had a calving-to-conception interval of 121 days. The 
dairy farmer, in conjunction with the veterinarian, had set 90 days as the 
herd objective and, based on an estimated loss of $2.50/cow/extra day 
open (Dohoo 1982), it was estimated that suboptimal reproductive per-
formance was resulting in a loss of approximately $15,000/yr. 

To identify when in the sequence of reproductive events the problem 
was occurring, the veterinarian examined several diagnost.ic indice<>: 

Std. Days 
Index Mean Dev. Target Lost 

Calving to conception (days) 121 52 90 31 
First breeding to conception (days) 27 11 30 0 
Calving to first breeding (days) 91 37 60 31 
Calving to first heat (days) 66 42 45 21 

Percent in heat by day 45 postpartum 4(JO'/o ' .. 1000'/o 
Percent bred by day 60 postpartum 19 !IJo ... 50070 

From these data it was apparent that of the 31 days being lost, all of the 
loss was occurring prior to the first breeding. A proportion of this loss 
appeared to occur because of the delay between first heat and first breed-
ing, but the greatest loss was due to failure to detect heat early in all cows. 
The standard deviations for both the calving to first heat and calving to 
first breeding intervals were too large (in excess of 30% of mean), indicat-
ing considerable variability among cows within the herd. 

In further investigating the loss of time between first heat and first 
breeding. it was recognized that since the producer had decided that cows 
would not be bred prior to 50 days postpartum, not all cows could be bred 
on their first detected heat. However, of the 210 cows calving, 26 (12.4%) 
had heats detected on or after day 50, at which time they were not bred. An 
average of 47 days, about two estrus cycles (called "deferral days"), then 
elapsed before those cows were again detected in heat and bred. The total 
days lost by this failure to breed ar the first appropriate heat in this small 
group of cows resulted in an extra 6 days in the calving-to-conception 
interval when averaged over the whole herd. 

Not satisfied with simply identifying one source of inefficiency in the 
reproductive program, the veterinarian further investigated the problem of 
deferral days. When the cows were subdivided into heifers and mature cows 
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it was found that 0°7o and 18.5% of each group, respectively, were deferred. 
Heifers have a greater persistcncy of milk production than do cows; conse-
quently a longer calving-to-rnnccption interval in heifers has less detrimen-
tal effect on overall productivity. Thus, the veterinarian was concerned that 
the deferrals were occurring in mature cows instead of in heifers. However, 
the veterinarian had been continually stressing the importarn;e of early 
breeding, and when the percemage of cows deferred during the first 6, 
second 6, and last 4 months of the study period were calculated, the results 
were 17 .0°/o, l 2.8~'o, and 0%. It appeared that the problem of deferrals had 
been solved. 

The veterinarian 1hen turned to the problem of identifying why cows 
were not being seen in heat early enough. A number of factors were ex-
amined and the results of several were as follows: 

Calving to 
first heat interval (days) 

--'"----~----~·-,-- -·-----~--

Standard 
Factor Mean deviation 

1\ge:-2Y-ears 
3-5 years 62 41 
6+ years 68 47 

Retained placenta: present 86 48 
absent 61 40 

Production: above herd average 71 48 
below herd average 58 34 

Season: summer first year 56 32 
winter 77 51 
summer second year 61 37 

Age did not appear to be a factor in the problem. However, the 26 cows 
that had retained placentas had a substantially longer interval to first ob-
served heat, suggesting that measures to reduce the incidence of retained 
placenta might be in order. The problem was also more serious in the higher 
producing cows, suggesting thal the nutrition program in the dry period 
and early lactation should be reviewed. Finally, the problem appeared to be 
more serious in the winter. The veterinarian had noticed that the operators 
were less likely to be around the barn later in the evening during the winter 
and one possible consequence of this was a reduced level or heat detection. 

These analyses were not a complete evaluation of all aspects of the 
reproduction program on the farm, but they did serve to identify the major 
problem areas. The problem of deferral days was identified, and with as-
sistance it appeared that the producer had rectified chat situation. It was 
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also determined that cows having a retained placenta and cows calving 
during the winter were more likely to have a prolonged calving-to-first-heat 
interval. Steps to rectify those problems could be initiated immediately. 
Finally, the problem of failure to detect heats appeared more serious in high 
producing cows. A review of the nutritional program along with an evalua-
tion of body condition scores would be required before corrective measures 
for that problem could be undertaken. 

Once the problem area(s) have been identified, corrective action must 
be taken (step 4, fig. 12.4). To institute the appropriate directed action, the 
practitioner's current knowledge may suffice, or the assistance of other 
personnel may be required. In some cases, the control strategies will not be 
obvious and further study of the type exemplified in the previous section 
will be required. Multiphasic screening (biochemical-metabolic profiles) 
and serologic data can be combined ro allow the simultaneous study of the 
physiologic status and the infection (immune) status of individuals and the 
herd. Quest.ions such as how many animals to sample, which animals to 
sample, and how many samples per animal are required for this purpose, 
remain largely unanswered. Nonetheless, first approximations are possible 
using the sampling techniques discussed in Chapter 2. The fact that 
multiphasic screening generally has failed to produce obvious benefits may 
in part reflect historic limitations with regard to sampling, testing , analy-
sis, and interpretation of results, rather than the true value of the proce-
dure. 

If no answer lO the problem is obvious, practitioners should be pre-
pared to conduct well-designed. analytic observational studies and/or field 
trials. It is quite likely that in the future farmers will not demand immediate 
answers of the veterinarian, but they will demand that the veterinarian 
know how to find the answers. IJ the problem is at the herd level, the 
veterinarian should be able to obtain assistance from personnel at an epide-
miologic research unit (10.4). As mentioned, a major reason for the exist-
ence of such a unit is to assist in problem solving at the herd level. The 
latter is very difficult for an individual practitioner to perform because data 
on many herds (flocks) are required, and the analytic expertise and com-
puter requirements to manipulate and analyze the large volume of data or 
the ability to conduct multiherd field trials will be beyond the capabilities 
of most practitioners. 

The final stage (step 5, Fig. 12.4) of problem resolution is lO monitor 
the progress of the herd to ensure that the corrective measures have had the 
desired effect. If production levels fail to increase (or if production is not 
more efficient), the practitioner should reexamine the diagnostic indices to 
ensure that the correct problems have been identified. If this is confirmed, 
the control measures should be reexamined and alternate strategies em-
ployed if deemed necessary. 
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It is highly likely that mistakes will be made as veterinarians enter this 
new era of health management. Some mistakes are inevitable. The key is 
that the individual veterinarian, the client, and the veterinary profession 
must learn from their experiences, so clients get the best current informa-
tion and advice and the quality of information improves with time. It 
should be obvious from the preceding discussion that the practitioner of the 
future is an applied researcher as well as a provider of essential technical 
services and information. Indeed, the combination of these two activit.ies 
will likely increase the satisfaction of practitioners and prolong their pro-
ductive days in practice. 

12.3 Sporadic Diseases 
Sporadic diseases (4.8.l) occur with low frequency and with no obvi-

ous temporal pattern. This definition by no means indicates that a sporadic 
disease occurs totally at random (i.e., without any pattern), nor does it 
mean that the disease is of no consequence. In fact, some of the most 
interesting animal diseases from an epidemiologic point of view belong to 
the group of sporadic diseases. These include the majority of diseases of 
general veterinary interest (e.g., chronic, neoplastic, and degenerative dis-
orders; acute noncontagious problems such as traumatic lesions and poi-
sonings; and genetically related problems). 

Many sporadic diseases have an unknown or complex multifactorial 
etiology. An especially interesting group of sporadic diseases are those of 
comparative relevance to human health problems (e.g., cancer, degenera-
tive diseases, and congenital defects) in relation to their possible environ-
mental determinants. In addition to increased insight into the causes of 
disease, epidemiologic studies may help practicing veterinarians recognize 
animals with a high risk of a particular sporadic disease, and thus improve 
the likelihood of proper diagnosis, treatment. and prevention. 

12.3.1 Availability and Validity of Data 
A major problem of sporadic disease investigations is obtaining suffi-

ciently accurate epidemiologic data about the disease because of its rare 
and unpredictable occurrence. Most methods used for retrieval of case data 
are, by the very nature of the problem, retrospective in their approach. 
These include surveys of existing records from herds, practices, and labora-
tories, and the establishment of centralized data banks for such records 
from one or more institutions to support subsequent retrospective searches 
for cases of a particular disease. Applications of these and other sources of 
data will be discussed in more detail later in this section. 

The validity of the information on sporadic diseases is of critical im-
portance. Special problems in this regard with studies of sporadic diseases 
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are as follows: (I) often several diagnosticians and institutions contribute 
cases, and chere may be no standardized nomenclature or common diagnos-
tic criteria; (2) definitions of syndromes, particularly those of unknown 
etiology, rend to change gradually as new diagnostic methods become avail-
able, and this increases the problems with retrospective use of case records; 
(3) only small case series may be available for the study of a rare condition, 
thus relying heavily on the validity of each recorded event; and (4) biased 
selection of cases. Because such potential biasing factors are very likely to 
affect the results of an analytic observational study of a sporadic disease, 
even though appropriate standard analytic design and analysis are being 
applied, it is particularly important to utilize the judgment criteria men-
tic.med in 5.5 in any causal interpretation of resulls. 

In case-control and cross-sectional studies (i.e., nonprospective de-
signs) special emphasis needs to be placed on ensuring a proper temporal 
sequence from exposure to disease. For example, using data from the 
DHIA system, in a case-control study of mycoplasma mastitis among Cali-
fornia dairy herds, an association was found between the occurrence of 
mycoplasma mastitis and increased culling rates for the same year (Table 
12.3). lb establish the most likely temporal sequence between these events, 
culling rates for adjacent years were obtained. Since increased culling coin· 
cided with the outbreak, the authors concluded that mastitis was most 
likely the cause of high culling rates rather than vice versa (in which case 
high culling rates would have been expected at least for the year preceding 
the problem) (Thomas et al. 1982). 

The application of the remaining criteria for causation may be illus-
trated from the data found in case-control studies on the relationship be-
tween dietary factors and the feline urologic syndrome (FUS). The consist-
ency of findings among different studies in different countries using 
different scales of characterizing the level of feeding of dry cat foods (DCF) 
supports causality to be the reason for the observed association between 
DCF and FUS (Table 12.4). In addition, causality is strengthened by the 
observed dose-response relationship as well as coherence with other biolo-

Table 12.3. Culling percentages for herds grouped by year of first mycoplasmal 
mastitis problem 

Number 
of Culled, Culled, 

herd' 1975 J977 (Olo) \kan 
197) 5 30.2 25.S 27.8 27.9 
1976 8 30A J7 ! .ll.3 32.9 
1977 II 29.8 33.5 30.8 

\fran for 24 herds JO. I 31.l 31.5 JO 9 
Source: ·1 homas tt al. 1982, with permi":.ion. 
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Table 12.4. Odds ratios of FUS by level of convenience cat food used in the feeding 
as reported from recent studies around the world 

Level of 
Not normaily fed 
Normally fed 

Not frd 
Once weekly or l<:>s:\ 
2-6 times weekly 
Daily 

Never fed 
Rarely fed 
Partly fed 
11.fainly fed 
Exclusively led 

Nm fed 
Once weekly or less 
2-6 times w<.'ekly 
Daily 

None 
< 25 o/o of diet 
25-50% of diet 
51-75% oi diet 
76-- i)<)O!o of diet 
I 00% of diet 

Exclusively or mainly for at 
least several months 

Less than in entry above 

1 • 
0.60 
0.89 
0.67 
1.71 
6.67• 

cat foods 

4.01•• 

I 
1.90 
1.69 
1.73 

I 
l.70 
8.67* .. 
6.11 .. 

I 
0.78 
2.)J•U 
3.47°• 

I' 
1.87 
2.50 
2.00 
8.()()• 

2J.33H 

Source: Willeberg 1981, wuh permission. 

Odds rn1ios 

•Based on all FUS cats, initial as well as rernrrent episodes. 
•Based on cals with initial episode of FUS. 

Canned car foods 
I 
0.59 

0.57 
o.n 
0.60 

0.75 
1.63 
1.26 
0 

I 
0.67 
0.45 .. 
0.66 .. 

l' 
0.85 
0.42 
0.25 
0.36 
1.39 

Note: Signlficance, • = p < 0.05, •• "'' p < 0.01, ... = p < 0.001. 

gic facts (Willeberg 1981). These examples demonstrate the general benefit 
frorn collecting data suitable for establishing a dose-response relationship 
as the results are much more convincing than merely comparing two levels 
of a factor (i.e., fed versus not fed, exposed versus not exposed). Also note 
that the ordering of exposure may be done when the independent variables 
are ordinal (qualitative) in type. as well as when they are ratio level (quanti-
tative) variables. 

Investigating the reasons for lack of consistency in results among dif-
ferent studies may reveal the nature of any bias affecting a study. For 
example, other issues in FUS are whether castration increases the risk, 
whether there is a difference in risk among cat breeds, and whether multiple 
cat households experience more cases than expected from a common risk. 
Part of the controversy over these issues is due to conflicting evidence 
between laboratory experiments and epidemiologic studies, and disagree-
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ments among published epidemiologic studies (Willeberg 1981). Nonagree-
ment between laboratory experiments and epidcmiologk studies of mul-
tietiologic sporadic diseases such as FUS may have many explanations. One 
reason is that multifactorial diseases, such as FUS, often are not suitable 
for laboratory experiments where changes in only one or a few putative 
causal factor(s) are investigated at a time. In other words, laboratory stud-
ies may not be a relevant model of the spontaneous field situation and the 
results may not be applicable to the field. Furthermore, to produce a speci-
fied minimum number of clinical cases in a laboratory environment, either 
unrealistically large-scale experiments are required, or extreme exposures 
not typical of field conditions often must be used to reproduce the disease. 
The latter feature makes it difficult to extrapolate the laboratory results 
beyond that setting. 

12.3.2 Estimating Frequency 
It is difficult to estimate the incidence of a sporadic disease by direct 

methods such as those discussed in Chapter 2. Therefore indirect met.hods 
are often applied, some more appropriate than others. As one example, a 
retrosix~tive longitudinal study was used to estimate the incidence of the 
feline urologic syndrome (FUS) in British and U.S. household cat popula-
tions. Telephone interviews were conducted with cat owners about episodes 
of FUS that occurred during the preceding 12-month period. The result.ing 
incidence rate of approximately 0.6% per year agrees well with estimates 
based on FUS case loads seen in some veterinary practices in England, 
where the number of cases was related to the estimated cat population at 
risk in the practice areas after adjusting for possible non-veterinary-
attended cases (Table 12.5). {As mentioned throughout. this text, caution 
should be taken not to mistake proportional morbidity rates for incidence 
rates. It is obviously much easier to calculate the former because data on 
the total number of cases seen in a practice or a laboratory are more easily 
available than estimates of the population at risk. Confusion has resulted 
from published figures of 1-10% of all cats seen in veterinary hospitals 
being FUS cases, because these figures have been incorrectly termed "inci-
dence of FUS.") As another example of estimating the frequency of spo-
radic disease, the incidence of LOA in Danish dairy cattle was estimated 
from an interview survey of veterinarians who provided the numbe.r of 
LOA cases and the average dairy cattle population in their respective prac-
tice area over the previous year (Grymer and Hesselholt, 1980) (Table 12.6). 
Similarly, estimates of the frequency of clinical bovine leukemia in Canada 
were derived through questioning of selected practitioners as well as routine 
slaughterhouse data. These data were related to the population at risk to 
estimate the rate of clinical leukemia (Kellar 1980). 

In situations where routine collection of test samples is made for qual-



Table 12.5. Frequency of FUS as reported from recent studies around thit world 
Rate of cases Population basis 
Annual incidence rates 
34-52 per 10,000 
64 per 10,(J(J() 
60 per 10,000 
Proponional morbidity rate<i 
2.l!l'fo 

Cats per year at risk in 
the household cat 
population 

All first presentations in the clinic 
4.3010 AU first presentations in the clink, excluding 

nondiagnostic visits 
All first presentations in the clinics 
Cat-years at risk' 
Cat-years at risk• 

5.7% 
4.511io 
2.8-6.6%' 
LM'o' AH first presentations in the practices, excluding 

nondiagnostic visits 
Min. 0.751110 
4.507o 

All cars seen in the clinic 
All male presentations in the clinic 
All first presentations in the cl.inic, 

nondiagnostic visits 
Source: Willeberg 1981, wiih permission. 
•Individual ('.ats counted once every year they visited the institution. 
•Interins!itutional range observed among 13 veterinary colleges. 
'The value is based on information from only 8 practices. 

excluding 

Table 12.6. Incidence of left abomasal displacement (LOA) In 26 Danish veterinary 
practices, 1 Aprll 1977 to 31 March 1978 

Incidence 
No. of No. of cows of LOA 

Practice LDA cao;es in practice (%per year) 
32 7,500 OA2 

2 9 2,800 0.32 
3 5 3,000 0.16 
4 18 3,500 0.51 
5 12 2,500 0.48 
6 II 2,0()0 0.55 
7 8 3,000 0.27 
8 14 3,000 0.47 
9 8 2,500 0.32 

lO 57 3,000 1.90 
ll 4 3,300 0.12 
12 15 2,000 0.75 
13 20 8,000 0.25 
14 4 2,400 0.17 
15 28 2,250 1.24 
16 ll 2,500 0.44 
17 6 3,750 0.16 
18 13 4,500 0.29 
19 52 6,000 0 .. 87 
20 29 7,000 0.41 
21 20 4,500 0.44 
22 8 2,500 0.32 
23 1 3.000 0.23 
24 14 5,000 0.28 
25 20 3,600 0.56 
26 9 3,300 0.27 

434 96,400 0.45 
Source: Grymer and Hes~elholt. 1980, with permission. 
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ity control (e.g., antibiotic residues in milk and meat) or as part of a routine 
monitoring program (e.g., of herd prevalence of mastitis), special surveys 
for sporadic diseases may be carried out inexpensively. For example, in 
California two state-wide bulk tank surveys were made in 1977-78 to esti-
mate the prevalence of pathogenic mycoplasma in bulk tank milk among 
dairy herds (Table 12. 7). 

Because many infections remain subclinicaJ, the prevalence of infec-
tion is expected to be much more common than the disease; in fact, the 
presence of a putative pathogen may not be a good predictor of clinical 
disease. Similarly, surveys of seroreaction to agents associated with spo-
radic clinical disorders often show that, although the clinical condition may 
be sporadic, serological evidence of infection is by no means rare or unpre-
dictable (Table 12.8). For example, clinical disease due to Histoplasma cap-
su/atum in the dog is a serious, infrequent, often unpredictable disease, yet 
infection of dogs with this organism appears to be widespread and usually 
of little consequence. 

Table 12.7. Distribution of herds with bulk tank milk isolations of known myco· 
plasma pathogens• 

Spring survey• 
(2410 herds) 

Winter suney 
(2562 herds} 

Combined 
( 4972 herds) 
--~---· 

Number 
of 
colonies 
1-49 
50+ 

No. of 
positive 

herd\ 

36 
31 
67 

Pmitive 
herd No. of 

Positive 
herd No. of 

prevalence positive prevalence positive 
rate (%) herds rate (O:'o) herds 
-~-<V---------,~~--·--------"-' 

1.494 46 1. 795 82 
1.286 28 l.093 59 
2.180 74 2.888 T41• 

Source: Thomas et al. 1981, with permission. 

Positive 
herd 

prevalence 
rate ('l:1o) 

1.649 
l.187 
2.836 

•Pathogenic Mycoplasma species. I 
'Includes 23 herds with repeat isolations of the same species of Mycoplasma in the spring 

and winter survey, leaving 118 diffcrem herds as positive for the combined surveys. 

Table 12.8. The prevalence of antibodies against Coxlella burnetll (Q·fever) among 
hospitalized livestock and pets and among stray dogs, University of 
Callfomia, 1973-75 

Number Positive Antibody titers 
Species tested No. Percent 4 8 >16 -
Hospitalized animals 

Cattle 28 9 32 3 2 4 
Hor!>CS 121 31 26 19 10 2 
Dogs 724 346 41! 213 93 4() 

Cats 80 7 9 s 1 I 
Non hospitalized 

Dogs (stray) 316 208 66 166 39 3 -- - -- ·- - -
1269 601 47 406 145 50 

Source: Willebcrg et al. 1980. with permission. 
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The prevalence of sporadic conditions in populations may be more 
feasible to estimate as part of ongoing disease monitoring systems (e.g., at 
a slaughterhouse) or from screening a sample of the population, particu-
larly if the condition is chronic. For example, the slaughterhouse data given 
in Table 12. 9 are based on a large sample of animals, and assuming com-
plete and accurate reporting (this is a major assumption), the resulting 
prevalence estimate should be close lo the true population prevalence rate 
(small sampling variance). This is particularly true if the condition has a 
low case-fatality rate and does not alter the performance of the animals 
(i.e., they are not at increased risk of culling or slaughter because they have 
the disease). Other studies of the prevalence of sporadic diseases performed 
on very small samples (e.g., a study to estimate the prevalence of systemic 
lupus erythematosus (SLE) reactions among dogs belonging to people with 
SLE to investigate if there is an association between SLE in the two species) 
will have a large sampling error. Because of the large sampling variance, a 
prevalence estimate of zero is not very meaningful. The data in Table 2.1 
can be used to derive upper confidence limits (either 95% or 991110) for the 
prevalence of disease in these situations. For example, if l % of a popula-
tion of l 0,000 dogs were randomly selected and none were found to have 
the disease in question, the anticipated maximum number of cases in chat 
population is 294, giving a 95% upper confidence limit of 2. 9%. Despite 
chese calculations, however, one remains rather uncertain of the true preva-
lence. (For a more detailed discussion of this, see Richards 1982.) 

12.3.3 Characterizing the Case Series 
Usually, the common characteristics of diseased individuals will be 

summarized in terms of the age, breed, and sex distribution. However, one 
muse be careful in making inferences about the importance of these demo-
graphic factors as determinants of the disease based on the characteristics 
of diseased animals only. For example, in a descriptive sense it may be true 
that most cat patients with FUS are domestic shorthair. This, however, only 
reflects the fact that most household cats are domestic short hair and it does 

Table 12.9. Distribution of mycotoxic porcine nephropathy' (MPN) based on data 
from 10 Danish slaughterhouses In 1968 

Sex 

Number of 
MPN cases 
obsened 

Female$ 248 
~1ales !9{J 

438 

Number of 
pigs 

slaughtered 
469,172 
512.360 
981.532 

Source: Krogh 1976, with permission. 
'Kidney damage due w odiratoxin. 

Ratio: 
Prevalence of female rate 

cases per to male ra1c 
___ !~:..000 pigs __________ (::!!~.'.".~~~2 

5.3 1.4 
3.7 LO 
4.5 
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not indicate a high risk of FUS for that type of cat. 
Similarly, in many case series of canine Cushing's syndrome, there is a 

predominance of female over male dogs. However, this does not mean that 
female dogs are at higher risk than males. One reason why the female 
excess attracts attention may be the fact that in human cases of Cushing's 
syndrome a true female predominance exists, and thus female excess among 
a series of canine patients is more likely to be published than a male excess 
in a canine case series. (This feature has been called a "publication bias.") 

12.4 Analytic Observational Studies of Etiology 
12.4.1 Case-Control Studies 

The best way to make inferences about the etiology of a sporadic 
disease without accompanying data on the population base from which 
they originate is to perform a case-control study. This approach is particu-
larly well suited to cope with rare diseases. Case records may be retrieved 
from institutional files and a control group can be sampled from the same 
or other sources to represent the population distribution of the factor in 
question (e.g., age, breed, or sex). Proper statistical comparisons can then 
be made (e.g., by the Mantel-Haenszel test) contrasting the characteristics 
of the cases with those of the control series to identify potential risk factors 
for the disease. Using this method it has been shown that Persian cats are at 
excess risk of FUS compared to domestic shorthair (Table 12.10) and that 
male and female dogs have the same risk of canine Cushing's syndrome 
(Willeberg and Priester 1982). Both these examples are from studies based 
on the Veterinary Medical Data Program (VMDP), a system specifically 
designed to support case-control studies. The VMDP may therefore serve 
to indicate the possibilities and requirements in collecting data to study the 
epidemiology of sporadic animal diseases. 

Table 12.10. Odds ratio of FUS by breed, Veterinary Medical Data Program. 1964-
1973 

Number of 
Breed cases 
Persian 240 
Domestic shorthair 2124 
Siamese 663 
Other breeds 1084 

Source: Willeberg and Priester 1976, with permission. 
•Significantly different from I; p < 0.001. 

Reference Odds 
population ratio 

3,553 1.4' 
46,946 1.0 
15,927 0.8• 
23,081 l.O 

Note: In calculating R and chi-square values, breed risks were adjusted for sex, age, and 
weight, using the Mante!-Haenszel method. 
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12.4. i 1 VETERINARY MEDICAL DATA PROGRAM The Veterinary Medical Data 
Program (VMDP) was begun by the U.S. National Cancer Institute (NCI) 
in 1964, at the College of Veterinary Medicine, Michigan State University, 
to provide a reliable standardized source of dara on disease in domestic 
animals (Priester 1975). A number of veterinary schools in the United 
States and Canada have participated in this program. 

At a collaborating veterinary college, when a patient is discharged or 
dies, the attending clinician completes a case summary form (or signs a 
summary form completed by the medical records specialist), including final 
diagnoses. The case summary, kept with the patient's permanent record file, 
is used by the medical records specialist to complete a standard VMDP 
abstract for entry on magnetic tape. The unique identifying number as-
signed each patient and used whenever that patient returns to the clinic 
provides a means of subsequently determining how many different patients 
were seen in each age, breed, sex, or weight subcategory, as well as the 
diagnostic and/or operative characteristics of each subcategory. In addi-
tion, the identifying number makes it possible to assemble a summary of 
the entire clinical history of an individual by computer, without manually 
referring to original medical records. (One limitation is that many of the 
institutions contributing to VMDP are referral institutions, and hence a 
patient may only be seen for particularly serious diseases because less seri-
ous diseases are handled by the client's regular veterinarian.) 

Diagnoses and operations entered into VMDP are assigned numeric 
codes from the Standard Nomenclature of Veterinary Diseases and Opera-
tions (1975) and its supplements. The SNVDO codes are based on system-
atic numbering of (I) all parts of the body, (2) all etiologic agents, and (3) 
all operative procedures. Combinations are used to code diagnoses and 
operations. Standard codes for patient information (e.g., age, breed, sex. 
and weight) are provided on the abstract forms and in the VMDP Users 
Guide furnished participants. 

The summary data on every patient, including diagnoses and opera-
tions, are entered on magnetic tape and sent t.o a central computing facility 
for storage and analyses. Quarterly tabulations sent to each participating 
school consist of listings of all cases arranged in numeric sequence accord-
ing to several classifications such as patient's case number, etiology, or 
topographic site and summaries of the number of cases in various demo-
graphic. categories. Each participating school also receives an annual tabu-
lation of its own data, and, if requested, a tabulation made from the com-
bined data submiued by all participants. Combined annual reports for each 
year from 1968 are kept on file at NCL From these, one can estimate the 
total of any diagnosis or operation reported to VMDP. While not useful 
alone in analytic studies these estimates can be of value as background 
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material or in planning research projects. Consbting of all discharges re-
ported to VMDP since March 1964, the main magnetic tape data bank is 
available to all VMDP participants and other research groups. If the re-
search will identify a particular school, permission must be sought before 
publication of results. 

With more than 2 million records stored, the VMDP is the largest 
extant source of data on disease in domestic and pct animals. There have 
been more than HX) published reports to date based on analyses of these 
data, on topics as diverse as cancer, congenital heart disease, lead poison-
ing, endocrine diseases, and the feline urologic syndrome. Currently, the 
VMDP is being maintained by the College of Veterinary Medicine, Cornell 
University, Ithaca, New York. 

12.4.1.2 OTHER SOURCES OF DATA. All practitioners use their experience and 
the most recent knowledge when diagnosing and treating cases of sporadic 
diseases. Yet in some instances, their performance would probably be im-
proved if formal testing of their impressions were periodically carried out 
based on records from their own or neighboring practict~s. At one time it 
was not atypical for practitioners to carry out surveys on their own clients 
for this purpose; unfortunately, this practice has declined in recent years. 

Usually, the relevant information needed to test a particular causal 
hypothesis is not always in the case records. This is particularly true when 
investigating specific exposures, although the common attributes (host fac-
tors) are often routinely recorded. Thus, it may be necessary to collect 
supplementary data (e.g., by questionnaires sent to owners of affected ani-
mals and owners of a comparison group of control animals). For example, 
several case-control studies of the role of dietary factors in the feline uro-
logic syndrome (FUS) were carried out using records on FUS cases and 
selected control cats from clinics. In addition, mailed questionnaires were 
sent to cat owners inquiring about the composition of the diet. 

In a similar manner, data on environmental and managerial factors at 
the herd level may be collected by personal interview or by questionnaires 
sent to owners of problem herds identified from romine diagnostic records 
(e.g., records kept in a practice, laboratory, or slaughterhouse) and to a 
sample of control herds. For example, in a study of swine enzootic 
pneumonia, data on barn ventilation were collected by questionnaires, 
whereas herd size and disease prevalence were estimated from data in the 
Danish slaughterhouse system. These data are shown in 'fables 12.11 and 
12.12, and the procedure to calculate the summary odds ratio using the 
Mantel-Hacnszel method is also demonstrated (Willeberg 1980). Nore that 
the crude odds ratio (not adjmted for herd size) is significant, whereas the 
adjusted odds ratio is not significant (lable 12.12). The relationship of 
some other factors to enzootic pneumonia prevalence is shown in Table 
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Table 12.11. Distribution of herds by health status, ventilation system, and herd 
size In a case-control study of swine enzootlc pneumonia 

---· Ventilation system 
Total 

With fan Without fan no. of 
Herd Cases Controls Cases Controls herds 
size (a) (b) (c) (d) (n) -----------
<200 2 7 4 27 40 
200-3()() IS 30 8 18 71 
300-400 13 19 7 10 49 
400-500 7 5 2 4 18 
>500 54 12 4 I 71 - -

91 73 25 60 249 
Source: Willeberg 1980. with permission. 
Cases had ~ 5% swine enzootic pneumonia (SEP); controls had < 5% SEP. 

Table 12.12. Adjustment of odds ratio (data from Table 12.11) by ventilation system 
for the confounding effect of herd size using the Mantel-Haenszel 
technique 

Ela l - E(dl "" V(a) - Odds 
Herd x (E. ~ti) (I~ !d) §:~u)_xlJ1!) ratio 
Size n n n n n l (OR) 

< 200 us 0.70 u~ 26.35 0.91 l.93 
2-300 3.80 .Ull 14.58 17.58 3.66 l 13 
3 .• 4()() 2.65 271 13.06 !0.06 2.74 0.98 
4-5CK.l 1.56 0.56 6.00 3.00 l.06 2.80 
> 500 0.i6 0.68 53.92 0.92 0.71 1.13 

I0.12 803 88.91 57.91 9.08 2.99 (<:rude) 

Sour«c: Wilkberg !980. wnh permission. 

Notes: /\dju>ted odds rntio [~/[~c .~. 10· 12 = J.26 

( 'L/l..d_ -·· n l n 

[V(a) 
0.28'' 

"· Non·significamly diffcrem from I, p > 0.05. 

12. J3. As another example of this approach, a practitioner who had several 
herds with a high frequency of LDA in his district suspected feeding to be a 
contributory cause. Data on dietary composition were collected from a 
group of affected herds and from a selected group of nonaffected herds of 
similar size and production from the same general area. (The herds were 
matched on herd size, production, and locality.) The results (shown in 1able 
6.6) supported the idea that rations with low crude-fiber cont.ent were asso-
ciated with increased occurrence of LDA {Grymer et al. 1981). Subse-
quently, the practitioner was in a much better position to advise on preven-
tive measures against LDA. (Because the information is based on the 
farmer's own data, acceptance of control programs may be increased over 
suggested control strategies based on less direct data.) 
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Table 12.13. Odds ratio analysis of possible determinants of swine enzooUc pneumonia 
(SEP) In Danish herds 

Number of herds Odds ratio 
_,_.,_.,._. ___ ,"~----·------- ·--- ~~ ....... ·---

Cases Comrols Adjusted for 
!actor! calegOr_}'. ___________ _J_::; s<fo -~~!2. .. _l?_~~'! SEP) --~~~----~!d si~-
Herd size 

< 400 pigs slaughtered/yr 49 Ill LO 
2: 400 pigs slaughtered/yr 67 22 6.9' 

Ventilation 
No-fan system 25 60 l.O l.O 
Fan $Y5tem 91 73 3.(l" l .3···· 

Replacement 
On-farm weaning 12 61. LO !.O 
Purchase of weaners 104 72 7,]t< 5.1' 

Diarrhea 
No infectious diarrhea 56 86 1.0 1.0 
lnfec1ious diarrhea 60 47 2.()' LS°' 

Frequency of other di~eases 
< 31\'o prevalence at slaughter 55 85 LO LO 
2: 30Jo preYalence at slaughter 61 48 2.0' l.9' 

--· --
116 133 

Source: Willeberg 1980, with permission. 
•Significamly different from I. p < 0.05. 
'Significantly different from I, fl < 0.flOI. 
·As per Table 11.12. 
••Nonsignificamly different from l, p > 0.05. 

Similar examples of this approach are found in studies of factors asso-
ciated with mastitis (Goodhope and Meck 1980) and factors associated with 
Jiaemophilus pleuropneumoniae in swine (Rosendal and Mitchell 1983). 
Although subclinical mastitis is an endemic disease and clinical mastitis is 
sporadic, the methods used to study their epidemiologies are similar. In the 
study of pneumonia in swine, questionnaires were sent to registered pork 
producers in an attempt to estimate the prevalence of the problem as well as 
to identify risk factors for the syndrome. The low response rate in the swine 
study (22.5%) and the ditferemial in responses between case and control 
herds in the mastitis survey (49% versus 81 t'lfo) indicate the need for caution 
when interpreting the results of these otherwise well-designed studies. 

12.4.2 Cohort Studies 
It is rare that data sets suitable for a cohort or longitudinal study of 

sporadic diseases are available. Alchough cohort studies have numerous 
advantages over case-control studies (including the ability to estimate inci-
dence rates among exposed and unexposed individuals), the difficulties in 
carrying out such studies are numerous. These include the long monitoring 
period of a large cohort to observe just a few cases, and the necessary 
tracing of the individuals during follow up makes it an expensive and tedi-
ous undertaking. One of the cohort studies concerns testicular tumor dcvel-



12 I Field Investigations 321 

opment in cryptorchid versus intact dogs (Reif et al. 1979). Many of the 
problems just mentioned arose in this study. Veterinarians from 22 practices 
collaborated in the study, and there was a wide variation among practices in 
the number of cryptorchids identified. This suggested either a difference in 
the at-risk population or variation in the interest of the practitioners. More 
than 25% of the dogs initially identified were lost to follow up during the 5-
year study; often the owner could not be traced. This loss was particularly 
great during the first year after diagnosis of the condition or selection for 
the control cohort. ln total, almost 1000 dogs (609 cryptorchids) were 
monitored and only 14 of these developed testicular neoplasia (Table 
12.14). Despite the large effort, this was too few cases to provide valid 
estimates of breed specific rates. Another example of a cohort study in-
volved a follow up of cats living in households with leukemic cats. The 
general feline population was used as the nonexposed group for purposes 
of comparison. Jn one of the cohorts of exposed cats, over 500 cats were 
followed for several years; 41 developed leukemia of which 11 (27 1%) were 
classified as feline leukemia virus-negative. This percentage of virus-nega-
tive leukemic cats was higher than in the general population where the 
overall rates of leukemia were much lower. Thus, the authors concluded 
thal cats in households with feline leukemia virus excretors were at in-
creased risk of leukemia whether virus was subsequemly found in the new 
leukemia cases or not. This phenomenon of virus-negative leukemic cats is 
currently explained by the "immunoselection hypothesis" (Essex 1982). 

12.4.3 Cross-Sectional and Longitudinal Studies 
Longitudinal studies have been applied in a few instances using data 

bases specifically designed to provide estimates of cancer incidence and 

Table 12.14. Age specific rates for testicular neoplasia in cryptorchid dogs from a 
cohort study comprising 609 cryptorchld and 329 age and breed· 
matched control dogs, which were monitored for an average of 2 
year& 

Age specilk 
Dogs Dog-years Neoplasms rat c per IOOO 

Age (no.) at risk (no.) dog-years 
.,,-~----

2 and under 262 41 l.3 0 0.00 
2-3 153 288.8 0 0.00 
4-S 93 199.4 0 0.00 
6-7 49 !03.0 7 67.96 
fl .• 9 31 59.2 4 67.57 
10 and over 21 43.3 3 69.28 

609 1105.0 l4 12.67 
Source: Reif et aL 1979, with permi~>ion. 
Note: No cases of tcMkular neoplasia developed among the control dogs during !he 

observation period. 
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distribution in dogs and cats. One example is the Animal Neoplasm Regis-
try of the Alameda and Contra Costa counties of California (Schneider 
1975). In this program, all veterinary practices in a defined geographic area 
submit data and tissue specimens on all neoplastic conditions to a common 
pathology laboratory for diagnosis. To establish a reference population, 
questionnaire surveys (census) of the households in the area are taken re-
peatedly to estimate the size and characteristics of the population at risk 
(Schneider 1983). 

A somewhat similar situation exists in Denmark, where since 1959 all 
cattle tumors have been deemed notifiable diseases and must be submitted 
for histopathology, whether as a biopsy from a clinical case or as tissue 
samples collected from abattoirs or from necropsies. Statistics are also 
being prepared on nonenzootic types of leukosis (juvenile, skin, and spo-
radic adult bovine leukosis). Appropriate population figures from pub-
lished yearly census reports are used in the conversion of the numerator 
data to rates. For example. bet.ween 1969 and 1980 the incidence rate of 
sporadic adult leukotic tumors decreased from 4 to 2 per HP cow-years at 
risk, while the incidence rate of enzootic tumors dropped from 1.5 down to 
0.15 per ws cow-years at risk over the same period (Willeberg et al. 1982). 

Cross-sectional studies can be conducted on hospitalized animals. 
Willeberg et al. (l 980) carried out a serological survey of Q-fever antibodies 
among hospitalized animals. This study indicated associations between 
seroreaction in dogs and their sex (data not shown) and discharge status, 
respectively (Table 12.15). While sex may be regarded as a contributory 
factor to seropositive status, the discharge status may possibly be a result of 
the infection. It is more likely, however, that discharge status and seroreac-
tion are partly determined by a third factor, namely the primary disease for 
which the dogs were hospitalized. The latter explanation suggests either 
that dormant Q-fever infections are turned into active ones by various 
debilitating conditions, or weakened individuals are highly susceptible to a 
widespread Q-fever agent. This example again illustrates the kind of prob-
lems that one may get into in interpretation of results from cross-sectional 
surveys. 

12.5 Ecologic Studies 
Ecologic studies typically are investigations involving aggregates of 

individuals as the unit of analysis when the unit of concern is the individ-
ual. The group may be litters, pens, farms, animals in specified geographic 
areas, etc. 

Ecologic studies arc performed in situat.ions where it is difficult or 
impractical to obtain exposure and outcome data on individuals. Also, 
because they can often be done using existing data sources, they are less 
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Table 12.15. Discharge status among hospitalized animals by species and test 
reaction for Coxiella bumetll (Q..fever) antibodies at admission, Unlver· 
sJty of California, Davis, 1973-1975 

Discharge status Mortaliiy ______ , _____ 
Serotest rc:sulr Alive Dead Total 

Dog· Pmiiive 271 74 345 21 
Negative 328 43 371 12 

599 117 716• 
chi-square = 12.7!, p < 0 001 

Horse Po~itive 21 JO 31 32 
Negati\c 70 20 90 22 

91 30 121 
chi-square ·- l.24, p > 0.20 

Cat Positive 6 l 7 14 
Negative 53 20 73 ,~ 

~1 

59 21. 80 
chi-square - 0.57, p > 0.40 

Ca Ille Posit.i'c 5 4 9 44 
Negative 15 4 19 21 -

20 8 28 
chi-square "' 1.64, p > 0.20 

Source: Wilkberg et a!. 1980, with permission. 
'Discharge sta!lls f()r 8 dogs was not stated; I \•as scroposirive. 

time consuming and expensive than prospective studies using the individual 
as the unit of analysis (Morgenstern 1982). On the other hand, results of 
ecologic studies are prone to substamial bias, because one must assume that 
what is true at the group level is true at the individual level since data on 
individuals are missing. This assumption is frequently incorrect, hence the 
term for this bias is "ecologic fallacy." In discussing causal associations in 
5.6. I, it was stated that if the exposure is measured at a level different than 
the unit of concern, any causal associations must be indirect in terms of the 
unit of concern. The current discussion elaborates reasons why che associa-
tion at. the group level may not be valid at the individual level. Certainly 
whenever ecologic studies are used, the investigators should strive to assess 
the validity of this assumption, rather than accepting it on faith. 

In the Bruce County Beef Health Study, it was noted that groups of 
cattle fed large amounts of corn silage early in the post-arrival period had 
higher mortality rates. This association is valid and likely directly causal at 
the group level. Despite this, it may not be true at the individual level. The 
missing information is which calves ate corn silage and which died; that is, 
given that alternate feed (e.g., dry hay) was available, it may have been the 
calves that ate the alternate feed chat died, not those eating the silage. 
\Vithout firsthand knowledge of what happened in individuals, one must 
appeal to the fact that the stronger the relationship at the group level, the 
more likely it is to be true at the individual level. 
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In another study of dairy cow mortality, a time-series analysis was used 
to characterize the components of the observed temporal variations in the 
crude mortality rates (Agger 1983). This technique decomposes the ob-
served variations into various components of time, including an overa!I 
linear (secular} trend, a cyclical component, a seasonal component, and an 
irregular random component. Figure 12.6 shows the cydical component, 
and superimposed on this is an economic standard index for the volume of 
agricultural building investments. A striking correlation between the two 
curves appears, including a 1-2 year phase difference between a change in 
the building index and the corresponding change in mortality. Given that 
most criteria for causation are met, in ecologic terms the covariation may 
be interpreted as causality between new barn buildings and a resulting 
higher mortality rate, perhaps due to management problems during the 
break-in period and the related increased disease occurrence. Although this 
appears to be a logicaJ and likely explanation of the observed covariation, 
what happened on individual farms is unknown. In the present example it is 
not known whether the excess number of cows dying in years following 
high barn building activity were housed in newly built barns or older barns. 

As a final example of an ecologic study, consider the data on canine 
distemper (CD) and multiple sclerosis (MS) in Table 12. l 6, (Kurtzke and 
Priester 1979). The number of CD cases recorded during 1973-1977 in 
areas of states containing veterinary schools that collaborated in 1 he VMDP 
were related to two different denominators: (1) the total number of cases in 
those schools (proportional morbidity rates), and (2) the number of people 
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12.6. Comparison of cyclical component (C,) from lime senes analysis of monthly 
crude mortality rate of m<iture cattle 10.000 cows and heifers) that hi!ve calved 
annually from 1960 to 1982 (S-Olid line) with annual volume index for investments in 
agricultural builchngs from 1960 to 1981 (broken line). (Source: Agger 1983, pp. 308-
11) 
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Table 12.16. Ecologic study of possible association between human cases of 
multiple sclerosis (MS) and canine distemper {CD) on a state basis. 
CD cases from VMDP, MS cases from a Veterans Administration study 
in which matched pairs of MS cases and controls (C) were formed 

Annual number Annual number 
of CD ca~es of CD ca5cs 

Veterinary 1973-1977 per IO' per !O' MS!C 
cemer C{) ('3S<!S treated human 
Michigan 170 48 3.8 L22 
l\.fasouri 204 92 8.6 0.89 
Minne~ota 85 p 44 1.93 
Iowa 139 78 9.6 l.09 
Indiana 58 39 2,2 0.8-0 
Georgia 244 !03 l0.2 0.59 
California 407 102 9.7 L22 
Ohio 748 157 !3.9 1.22 
Kansas 185 59 16.2 1.()4 
Illinois 172 61 3. l un 
Colorado 223 74 l8.3 un 
Alabama 172 107 12.2 0.45 

2807 84. l 11.0 
(Total)• (3055) (8J.6) ( l.00) 

Source: Kunzkc and Priester 1979, with permission. 
Note: The "risk" of MS by s1<1te is expressed as the ratio of 1\iS cases 10 controls (MS/C). 

Only statec<; for which VMDP dara were availabk are included. Correlation be!wcen MS/C 
ratio and CD proponion of dogs was r = -0.22 and between MS!C ratio and CD proportion 
on a human population bit~is was r = + 0,02, indicating no consistent association of MS with 
CD. 

•Second total mdudes two Canadian centers, plus ·rexas 1976-1977. 

in each area. The list of MS cases >''iaS derived from a Veterans Administra-
tion st.udy, and for each state the risk of MS was described by the case-to-
control ratio (MS/C). There was a weak negative association between the 
proportional morbidity rate of CD and MS/C ratio (r = -0.22) and vir-
tually no association between the number of CD cases per 106 humans and 
the MS/C ratio. The conclusions indicate that there does not appear to be 
any association between CD and MS; this is consistent with a number of 
other studies on this subject and supports the lack of a causal relationship. 

As mentioned earlier, monitoring disease in animals can be used as an 
early warning system for humans. At the ecologic level, there is a positive 
association between bladder cancer occurrence in dogs and the extent of 
manufacturing in that area; the inference is that chemical pollutants in-
crease the risk of bladder cancer in both dogs and humans (Hayes et al. 
l 981 ). 

Thus, ecologic studies have a valid role to play in investigating expo-
sure-disea<>e associations; however, they are most useful as indicators of 
hypotheses that require more detailed evaluation (i.e., where exposure and 
omcome are measured at the same level in the unit of concern), rather than 
as final studies on 1he subject. 
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