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Abstract
Anomalous development is a function of the genetic
make-up of the fetus and the environment in which
it develops. The cause of anomalous development may
occasionally be obvious but more often is obscure,
because of its multifactorial nature. Therefore a
methodological approach is often required to define
the etiology. In this paper we describe a methodol-
ogical approach that first defines the incident, the
genotype of the individuals involved, and the environ-
ment in which the fetus has developed. This procedure
can be undertaken in a stepwise fashion and need not
be followed through to the end if the etiology becomes
obvious. This approach highlights the necessity to
characterize the defects, to use ancillary tests, and to
apply basic epidemiological methods.

Resume
Anomalies de developpement chez les
animaux de la forme
I. Definition de lour 6tiologie
Un developpement anormal depend du bagage gene-
tique du foetus et de l'environnement dans lequel il
se developpe; son etiologie peut parfois apparaitre
evidente, mais elle s'avere plus souvent obscure, a
cause de sa nature multifactorielle. Une approche
methodique se revele par consequent necessaire pour
en determiner la cause. Les auteurs decrivent dans leur
article une approche methodique qui definit d'abord
l'incident, puis le genotype des individus affectes et
l'environnement dans lequel ils se sont developpes. On
peut aborder le procede par etapes, sans nicessaire-
ment le pousser jusqu'au bout, lorsque l'etiologie
du developpement anormal devient evidente. Cette
approche fait ressortir la necessite de caracteriser les
anomalies, d'utiliser des tests auxiliaires et d'appliquer
des methodes epizootiologiques fondamentales.
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Introduction
Development, both normal and abnormal, depends

on the genetic background of the fetus and the
environment in which it develops (1). Abnormal
development occurs when a threshold of genetic and
environmental insults is reached and the fetal compen-
satory mechanisms are overwhelmed (2).

Purely genetic defects can originate from the dam,
the sire, or both, and can often be traced using an
extended pedigree. However, environmental causes

of abnormal development are numerous and often
obscure. Environmental teratogens usually have their
effect on the embryo during organogenesis at the
"critical period", but may interact with defective genes
(3). Both purely genetically-determined and environ-
mentally-determined abnormal development can affect
more than one individual. For this reason, epidemiology
can help define etiologies such as nutritional deficien-
cies and excesses (4), inhaled chemicals and gases
(5), plants (6), chemicals (7), drugs (8,9,10), and
biotoxins (11).
The individual anomalous animal may be part of

a larger problem or may be an incidental finding.
The dam or sire may be responsible for individual
anomalies through production of an abnormal
karyotype (12). Some anomalous fetuses may arise
following a failure to meet temporal-spatial criteria of
development.

Often the morphological changes of abnormal devel-
opment are similar for a number of causes, e.g.
arthrogryposis (13,14); hence it is difficult to establish
causality using normal morphological and descriptive
techniques alone. For this reason, in this paper we aim
to give the practitioner a methodological approach to
categorize and define the various causes of abnormal
development. This approach may require consultation
with pathologists, geneticists, cytogeneticists, epi-
demiologists, and biometricians, if the techniques
described are beyond the resources of the practitioner.

Overview
Abnormal development is caused by genotypic and
environmental variables, and failure to meet the
temporal-spatial requirements of development. Some-
times these variables may interact. The method that
will be outlined attempts to examine one variable at
a time, while keeping the others constant. The
approach starts by defining the developmental anom-
aly, and in particular, the time at which normal
development ceased. If an etiology is not evident at
this stage, the question of whether this is a herd or
flock problem is approached. Genetic analyses,
descriptive epidemiology, natural experiments, and the
experimental methods of epidemiology are then used
to elucidate the cause of a flock or herd problem.
Often, an initial examination of the possible causes of
the abnormal development in question generates
hypotheses as to probable causes of the defect. The
etiology of the anomaly is found when some genetic
or environmental factor known to produce the same
abnormality is identified or when the defect is
reproduced by experiment (Figure 1).
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Figure 1. Flow chart of the methodological approach to
defining the cause of fetal abnormal development. Solid lines
represent concrete definition of etiology, whereas dotted lines
represent hypothetical etiology.

Defining the Individual Incident
Clinical Examination and Pathology Clinical and,
if possible, postmortem examination of a defective
animal are essential to define the abnormality and to
ascertain the time of gestation at which normal devel-
opment ceased. Often, definition requires the assis-
tance of a pathologist. Postmortem examination
enables recording these defects in a thorough standard-
ized fashion, avoiding generalizations such as

"crooked calves" and "wobblers", which do not
adequately define the problem.

Characterization of the defects sometimes reveals
the etiology immediately, as some defects are patho-
gnomonic for a given defective gene or environmen-
tal agent. For example, periodic acid Schiff (PAS)-
positive accumulations in neurons and other tissues,
in conjunction with depression of plasma alpha-
mannosidase activity, are characteristic of alpha-
mannosidosis, an autosomal recessive trait in Angus
cattle (15,16). Similarly, cyclopia in a number of
lambs indicates probable prior maternal ingestion of
Veratrum californicum during the sensitive gestational
period of 13.5 days postconception (17). Examples of
morphologically abnormal development and associated
etiologies can be found in Tables I, II, III, IV.

Estimating the time of cessation of normal develop-
ment may give important clues to whether the anomaly
has a genetic or environmental basis. If a teratogen
is suspected, knowledge of the time of exposure may
help to elucidate a past infection (e.g. bovine viral

diarrhea (BVD)), past exposure to a toxic plant, or

some other environmental insult that can be traced
back to that time.

Ancillary Tests Various ancillary tests are available
to aid in determining the cause of the anomaly and
should be utilized if the etiology is not obvious at this
stage. Routine bacteriology, virology, and mycology
should be undertaken to eliminate the possibility of
infectious agents such as BVD. A summary of some
infectious agents shown to cause abnormal develop-
ment is given in Table V.
Examination of the liver and other organs for trace

elements may provide further clues as to etiology.
Examples of abnormal development associated with
elemental imbalances are: enzootic ataxia (hypomye-
linogenesis) in copper deficient lambs (59), and arthro-
gryposis in manganese deficient calves (116).

Finally, karyotyping of the fetus can be done using

lymphocytes from whole blood, if the fetus is alive
(117), or cultured fibroblasts taken from pericardial
sac or kidney (118). An abnormal karyotype may be
suspected at necropsy if multisystem fetal anomalies
are noted (119). Multiple systems are often defective
because a single chromosome carries genetic infor-
mation important to several metabolic pathways (120).
As such large amounts of genetic information are

involved in the production of these morphological
abnormalities, a group of defects is not necessarily
associated with a specific abnormal karyotype (121).
Recently, cytogenetic abnormalities in livestock have
been summarized (121,122).

Defining the Prevalence
Genetic disorders occur in families, whereas teratogens
usually affect more than one individual in the herd or

flock and may have a seasonal occurrence. If more
than one abnormal fetus is reported, the crude preva-

lence of anomalous fetuses, abortions, and stillbirths
in the herd or flock should be calculated for the gesta-
tional period in question.
The prevalence is equal to the number of anomalies,

or stillbirths observed at birth divided by the total
number of births (123,124,125). Multiplication of this
number by a common radix (usually percentage) makes
comparison of prevalences among herds and families
easier.

Prevalence measures anomalies at birth, but does
not include defective fetuses that are not carried to
term (127). Therefore, the prevalence at birth will be
less than the actual incidence of the defect, if some
defective fetuses were aborted before term, as they
would not be included in the calculation (133). For this
reason, it is important to make a separate calculation
of the prevalence of occurrence of abortion and early
embryonic deaths (return to service after diagnosed
pregnant) in the herd (127), since an increase in these
losses may be part of the defective development prob-
lem. These calculations of prevalence should be com-
bined with the prevalence of anomalies if the preva-
lence of abortions and stillbirths is greater than normal
(128).
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Knowledge of the crude prevalence of anomalies,
abortions, and stillbirths not only documents how
severe the problem is, but also gives an idea as to
whether the anomalies are only part of a bigger prob-
lem involving early abortions/resorptions and, later,
stillbirths. Prevalence must be used in conjunction with
definition of the anomaly as described above as prev-
alence does not indicate when during gestation normal
development failed.
So far, the morphology of the defect, time of gesta-

tion at which the onset of abnormal development
began, and the crude prevalence of the problem have
been established. An appraisal of these findings may
reveal the etiology at this stage. If not, the investiga-
tion should proceed to a detailed maternal examina-
tion, genetic analysis, and environmental analysis.

Defining the Maternal Environment
There should be a thorough general clinical examina-
tion (129) of the dam that has produced abnormal off-
spring. Often, an animal that appears clinically normal
may have been ill during gestation. A thorough clinical
examination may elucidate this underlying problem.
Particular attention should be paid to external
genitalia, mammary glands, and the palpation of the
reproductive tract.

Clinical evaluation of the individual may indicate
overt disease during pregnancy, alterations in normal
homeostatic functions, or chronic disease. Clinical
examination of representatives of the herd/flock may
reveal overt, or covert, disseminated disease. Examina-
tion of herd records and production figures may give
further clues about subclinical disease in the herd.

Reproductive history of the individual that produced
the anomalous fetus is particularly important. Such
a history should include information on previous abor-
tions, failure to conceive, early abortions, previous
malformations, and the sire that produced the
deformed offspring (127).

Ancillary testing of the dam is somewhat limited.
Serological examination of paired serum samples taken
at two week intervals from members of the herd may
reveal previous or current infection with a teratogenic
infectious agent. Karyotyping of the dam to determine
the presence of Robertsonian translocations and other
abnormal chromosomal structures, can be done using
whole blood (117). Urine and blood enzyme levels are
sometimes useful in making a diagnosis in some stor-
age diseases, e.g. alpha-mannosidosis in Angus cattle
(16). Serum hormonal levels and trace elements may
only be of limited use.
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Limited examination of the sire can be under-
taken. This should include sperm morphology, blood
karyotyping (117), and, if the epidemiological picture
warrants, analysis of the semen for heavy metals, as
semen contaminated with some heavy metals has been
shown to be teratogenic (130).

Genetic Analysis
It is important to define the genotype, in order to
eliminate or incriminate possible genetic causes of
defective development. Breed, sex of the offspring
affected, and introductions into the herd/flock should
be noted. If possible, the present placement of animals
sold from the herd/flock, and relevant history of
anomalous development should also be ascertained.
If herd records are good, the extended pedigree should
be obtained and examined. This may entail coding
animals in the pedigree so that anonymity and confi-
dence of the farmer are retained.

Genetic analysis of a herd requires enumeration of
the normal and defective animals and each of their
relationships. Hence attempts to develop a pedigree
should be undertaken even if an extended pedigree is
not available. Assessing the relationships of normal
and defective animals can be difficult, and, unless pat-
terns are obvious, a geneticist should be employed.

Genetic analyses proceed in two ways. First, data
on full sib families containing one or more defective
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offspring are subjected to segregation analysis to deter-
mine whether or not the defective gene(s) follow(s) a
simple Mendelian segregation pattern (131). Secondly,
the patterns may be analysed by a variety of compari-
sons, namely: comparison of close relatives with dis-
tant relatives, testing the occurrence of the defect in
both members of a twin pair, and a search for inbreed-
ing. Finally, the comparison with an animal model
with homologous hereditary defects may give impor-
tant clues about genetic causality (27).

Analyses proceed from the simplest to the more
complex modes of inheritance. Models based on two
alleles at a single autosomal or sex-linked locus are first
tested. Next, modifications that are caused by variable
expressivity, and incomplete penetrance, phenocopies,
or spontaneous mutations, are examined (27).

Genetic causes of defective development may
become obvious through genetic analyses. However,
this is not always the situation, in which case closer
examination of the environment is required.

Environmental Analysis:
An Epidemiological Approach
If there are no obvious genetic or environmental causes
of abnormal development, and the crude prevalence
indicates that a herd problem exists, then a more

detailed examination of the herd environment and
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herd dynamics is required. Descriptive epidemiology,
natural experiments, and the experimental method, are

the three basic types of epidemiological investigation
that can be used.

Descriptive Epidemiology The purpose of descrip-
tive epidemiology is to portray the herd environment
and to look for patterns of occurrence (124) within the
herd. It requires further definition of the prevalence
of the defects using herd records to identify risk fac-
tors. Stratified analysis is used to determine if associa-
tions exist between these risk factors and the occur-

rence of developmental anomalies.
The herd environment should be carefully described

so that risk factors can be identified. Information
gathered should include breed affected, age of parents,
geographic region, type of pasture, soil type, water
source, feeding and management practices, maternal
medication and vaccination records, disease status of
the herd, periods of stress, handling procedures, and
congenital defects observed in previous years
(132,133). Time of pregnancy diagnosis should be
noted, as atresia ani has been associated with this prac-

tice (45). Possible exposure to teratogenic plants (Table
VI), xenobiotics in the form of garbage (e.g. discarded
batteries), chemical dump sites, air or water pollutants
should be established. Any history of similar congen-
ital defects occurring in neighboring herds is note-
worthy. Examination of these factors may lead the
investigator to identify a number of risk factors that
are associated with the anomalies.
A stratified analysis of the data involves organiz-

ing individual members of the herd into combinations
of categories (called strata) for each risk factor or

variable. This grouping allows one to assess the rele-
vance of each risk factor (123). Stratification means

the factor itself can be divided into subgroups and dif-
ferences between those subgroups examined. Age of
dam is an example of a factor that can easily be
stratified. The herd is divided into three age strata, for
example: dams less than four years old (young); dams
four to eight years old (middle); and dams greater than
eight years old (old). The prevalence of anomalies is
then calculated for each stratum. Examination of the
difference in prevalence of anomalies among strata can
help one generate hypotheses about the etiology. For
example, if the prevalence of the anomaly in offspring
of old dams was three times that in the other two
groups, then older dams would have had a threefold
higher risk of giving birth to an affected offspring, e.g.

Down's syndrome in man.
All risk factors are potential candidates for strati-

fication. Construction of simple tables and graphs
comparing strata may be all that is necessary to
demonstrate obvious differences between strata. If
there are sufficient numbers in all strata, simple
statistical analyses can be carried out within each
stratum, using a Mantel-Haenszel chi-square test for
association and estimation of effect (123). If many
variables or risk factors are implicated by the stratified
analysis, confounding and interaction may be a prob-
lem and the use of multivariate analyses may be
required. A delailed presentation of the techniques of
stratified and multivariate analysis has been published
(123). These tests are beyond the scope of most prac-
titioners, and a biometrician should be employed. A
simpler option would be to look for the presence of
a natural experiment within the herd or to apply the
experimental method to the herd.
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Natural Experiments - During the examination of
herd records, one should carefully look for natural
experiments. Here, the investigator has not actually
performed a controlled experiment where all risk fac-
tors (or variables) but one are controlled. Instead, two
(or more) subgroups within the herd can be retrospec-
tively identified which, by circumstance, were treated
identically, except for one risk factor. The prevalence
of congenital anomalies is determined for the different
groups which were defined by the natural experiment.
The differences between these calculated prevalences
may suggest an association between the risk factor and
the congenital defects.
John Snow's investigation of a cholera epidemic in

London in 1854 is a classic example of a natural exper-
iment (141). Snow recognized that two randomly
mixed populations, alike in other important respects,
could be differentiated by the source of water running
from the taps in their individual houses. Lambeth
Company water came from an intake on the Thames
River above London; Southwark and Vauxhall
Company water came from the sewage-polluted river
basin. The mortality associated with cholera was
almost tenfold higher in the houses supplied by
Southwark and Vauxhall. Snow's work clearly dem-
onstrated the importance of water supply, even though
the precise nature of the disease agent had not yet been
established.
Examples of natural experiments in studies of farm

animal congenital defects might include recognition of
circumstances where parts of the herd were treated
similarly except for one of the following: geographic
region, type of pasture, soil type, water source, feed,
a specific management practice, vaccinations or drugs
administered, or a handling procedure.
A thorough attempt to establish that the two groups

defined by the natural experiment were treated simi-
larly except for the risk factor of interest is very impor-
tant. If a second factor is also identified, examination
of the primary and interactive effects of the second
factor becomes necessary but may require consulta-
tion with an epidemiologist.

If natural experiments do not exist, then conclusions
regarding cause and effect cannot be made. The
strength of natural experiments lies in the information
gained from retrospective analysis of herd records. If
the problem is not a recurring one, recognition of a
natural experiment may be the only way that an asso-
ciation between defect and risk factor can be made.
In herds where the problem is recurring, an even more
powerful investigative tool exists, namely, application
of the experimental method.

Experimental Method - Descriptive epidemiology or
the recognition of a natural experiment may provide
the practitioner with an hypothesis as to etiology.
These methods are retrospective in nature and cannot
be controlled by the investigator. The experimental
method is the most powerful tool in defining the
etiology of recurring developmental anomalies. It can
be used by the practitioner, with the cooperation of
the farmer.
The basic approach of the applied experimental

method is to take one or two of the most likely

hypotheses and test them one at a time on part of the
herd using other untreated animals as controls. It is
important to randomly select individuals to remove
sample bias (142). If the herd is large, it may be divided
into a number of groups allowing for the simultaneous
testing of more than one hypothesis, but this depends
on the prevalence of the anomalies. Developmental
anomalies of low prevalence require larger groups.
For example, following description of the problem,

overwinter feed is the hypothesized cause of the
abnormal development. Method: divide the herd into
halves and feed one half of the herd the feed suspected
of causing defects and use normal feed for the remain-
ing half. All other management procedures should
remain constant for all animals. The herd should be
divided randomly with respect to which animal gets
which feed. This randomization can be achieved by
using a random number table (143). With proper
randomization and care in treating the two groups
similarly, statistical differences in the prevalence of
anomalies between the two groups is evidence that the
risk factor tested is the cause of the anomalies
(144,145).

Records at the termination of the experiment should
include reproductive problems, abortions, stillbirths,
and anomalies. If desired, the practitioner can use
statistical tests to determine if the differences between
test and control groups are statistically significant
(143,146). It should be remembered that lack of sta-
tistical significance does not necessarily "disprove"
associations among groups as this often occurs in low
prevalence situations with inadequately sized test and
control groups (147).

Conclusions
Identification of the etiology of developmental
anomalies is often extremely difficult for many reasons.
First, defective development alone often does not give
clues to a specific cause. Second, specific teratogens
such as viruses, plants, and toxins, cannot be demon-
strated at the time of expulsion of the defective fetus,
or even after intensive pathological and toxicological
investigations. Third, except for certain chromosomal
aberrations, hereditary factors are recognized only
when they occur in characteristic intragenerational
familial frequencies and patterns. Therefore, when a
cause cannot be demonstrated, attempts to determine
patterns of occurrence must be undertaken. To do this,
the practitioner often requires the assistance of patho-
logists, geneticists, epidemiologists, and biometricians.
The method described gives a stepwise protocol to
determining etiology. At many of the steps, the cause
of the defective development may become obvious, in
which case completion of the protocol is not necessary.
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