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PREFACE

Each year more and more abnormalities of structure and function of
companion animals are reported in the literature. Some of these ab-
normalities are congenital, that is, they are present at birth. Pups, kit-
tens, or foals are born with structural or functional disorders. Congenital
defects may or may not be inherited. Some abnormalities are not con-
genital. These noncongenital defects are not present at birth, but their ef-
fects appear later in the animal’s life. These noncongenital defects also
may or may not be inherited.

To provide the necessary information to animal breeders, the prac-
ticing veterinarian needs to be able to recognize an inherited condition or
defect and should understand the mode of inheritance of the defect in
order to suggest a workable solution for clients to eliminate the
undesirable characteristics from their breeding programs so as to prevent
long-term serious effects to the breed concerned. Likewise, the breeder
needs to understand the defect to be able to work with the veterinarian in
the elimination of the trait.

The material presented here is intended to outline the fundamental
principles of animal genetics in such a manner that it will be useful to the
veterinarian and animal breeders in detecting genetic defects. It will
assemble in one place and, it is hoped, present in appropriate depth and
breadth basic information concerning the inheritance of most common
genetic defects and conditions observed in companion animals, the
pathophysiologic basis behind the inheritance of these anomalies, and
recommendations to the breeder. Lists of selected references are given for
further study.

This material is in no way intended to suggest that every defect has a
genetic base. However, all defects discussed in this manuscript were con-
sidered by the original researchers to have a genetic or possible genetic
base. In many cases too few animals or experiments were available for
firm conclusions.

For certain disorders the majority of published information is from
one laboratory; for other defects a variety of sources has been used.

v
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PART I

Introduction







CHAPTER 1

Fundamental Principles of Genetics

All life comes from preexisting life. Among the mammals, the
newborn individual must have a father and a mother. The offspring
resembles each parent in many ways because it receives approximately
one-half its inheritance from each of them. How this is done constitutes
the science of genetics.

Genes are the smallest units of inheritance and they are responsible,
in a general way, for the form and function of each individual. This is
true because genes control the thousands of biochemical reactions within
the animal’s body. Thus the proper function of the body is dependent on
the proper function of each of the thousands of genes in body cells. Each
gene has a particular function to perform. A change in a gene (a muta-
tion) so that it no longer performs a certain function is responsible in
many instances for the occurrence of defects of anatomy and physiology
in newborn individuals.

It is the purpose here to briefly present the nature of genes, how
they function, and how they may be related to the form and function of
the individual.

THE CELL AND ITS COMPONENTS

The body of each animal is made up of billions of minute building
blocks called cells. Each animal begins life as a single cell, resulting from the
union of the sperm and egg in the process of fertilization.

The body of each animal contains cells of which most have a cell mem-
brane, a nucleus, and cytoplasm. Within the cytoplasm, which may vary

3



4 |  INTRODUCTION

widely in size and shape, are many units called ‘‘organelles,’’ each of which
has some basic function in the life and/or reproduction of the cell. A
diagram of a cell (Fig. 1.1) shows some of these organelles in the cytoplasm.
The ribosomes in the cytoplasm are responsible for manufacturing many
different kinds of proteins. Many Golgi bodies are also found in the
cytoplasm and they are thought to be the site of the synthesis of large carbo-
hydrate molecules that perform certain vital functions in the body.
Mitochondria are the sites of chemical reactions supplying energy for
various reactions in the cells. Lysosomes are small bodies in the cytoplasm
containing digestive enzymes that break down all the major constituents of
living organisms. Abnormal lysosomes are known to be involved in certain
diseases of humans.

The nucleus is the “‘director’’ of synthesis of the cell or of the activities
of the organelles, etc., and contains threadlike structures called
chromosomes (chromo meaning color; soma meaning body).

The Chromosomes
The hereditary material, the genes, are carried on the chromosomes.
Each chromosome contains many genes along its length and may be de-

cell membrane

cy toplasm
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ribosomes

I| v I.' |1
rough endoplasmic | I' b%
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Fig. 1.1. Diggram of a cell.
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scribed as being similar to a long string of beads with each bead being a
gene. Each species of animal normally has a characteristic number of
chromosomes. Normal chromosome numbers for some common species are
listed in Table 1.1. Chromosomes occur in pairs in all body cells that possess
a nucleus except the gametes (ova and sperm) where they occur in half pairs.
These pairs of chromosomes are homologous chromosomes (homo meaning
alike; logous meaning structure). One of the pairs of chromosomes is
known as the sex chromosomes because this pair determines the sex of the
individual. In mammals the female possesses two X chromosomes in each
body cell, whereas the male possesses an X and a Y. The X chromosome is
considerably longer than the Y and therefore carries more genetic material
(Fig. 1.2). In poultry the sex chromosomes are called X and W (or
sometimes Z and W), with the X chromosome the larger of the two. The
female is ZW and the male XX, which is exactly opposite of what is found
in mammals. All the chromosomes other than the sex chromosomes are
called aurosomes. Thus an autosomal recessive gene is one carried on the
autosomes; a sex-linked recessive gene is one carried on the X or Y
chromosome (Fig. 1.3).

Of each pair of chromosomes (the 2n number), one normally comes
from the individual’s father and the other from its mother, although in the
case of fatherless turkeys both chromosomes of each pair come from the
mother. A parent normally transmits one chromosome of each pair, not
both, to any one offspring through the sperm or egg, with chance deter-
mining which one of the pair will be transmitted from the parent to a given
offspring. When the egg is fertilized by the spermatozoa, the pairs of
chromosomes in each body cell of the new individual are restored to the
normal 2n number for that species.

Table 1.1. Normal chromosome numbers for some selected
species of animals

Species Mormal 2n Mumber
Domestic horse (Eguus cabalius) 64
Domestic pig (Sus scrofa) 38
Domestic cattle {Bos faurus) 60
Domestic cattle fBos indica) (1]
American bison (Bison bison) 60
Domestic sheep (Ovis aries) 54
Domestic dog fCanis familiaris) 78
Domestic goat (Capra hircus) 60
Donkey fEquus asimns) 62
Domestic fowl (Gallus domesticus) 78
Man fHomo sapiens) 46
Domestic cat (Felis carus) I8
Laboratory rabbit {Orverolagus cuniculis) 44
Chinese hamster (Cricetulus griseus) 22
Golden hamster (Mesocricetus auratus) 44
Mouse (Mus musculus) 40

Rat fRattus norvegicus) 42
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Fig. 1.2. The chromosome complement of the bovine showing
the X and the Y chromosomes of the male. These chromosomes
were from a culture of lymphocytes from the blood. The large,
dark object in the lower left-hand portion of the picture is a lym-
phocyte just beginning to divide. When chromosomes can be
stained and photographed, each chromosome has divided but the
two parts are still attached at the centromere. The length of the
chromosome and the attachment helps identify certain pairs of
chromosomes in the body cells.

Abnormal Chromosomes

Chromosome numbers are generally held constant within a species
from one generation to another, but occasionally chromosome ab-
normalities, called aberrations, occur. When they occur they are usually
detrimental to the individual and may even cause its death (lethal). Ab-
normalities include those due to numbers of chromosomes, those due to
improper structure, and those due to mixtures of cell types.

NUMERICAL ABNORMALITIES. Abnormalities of chromosome numbers are of
two general types. The first, known as polyploidy (or euploidy), involves a
duplication of complete sets of chromosomes. Instead of the normal pairs
that are diploid, or 2n, the individual may posessess 3n, 4n, or possibly
more, In mammals, the duplication of entire sets of chromosomes appears
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Nonhomologous portion of the X
chromosome, having no counterpart
in the Y chromosome. This is where

the sex-linked recessive genes are
carried. One recessive gene carried
| <+— here expresses itself in the male.

Homologous portion of the X
and Y chromosomes. Two recessive
_'_f_",,._-_—_,,:— genes carried here are necessary

———] «— for a trait to express itself.

p—] Nonhomologous portion of the
. _]<— Y chromosome, having no counter—
— part in the X. A gene carried here
i is transmitted from the father to
the son and is known as Holandric
inheritance.

Fig. 1.3. A drawing representing the X and Y chromosome
complement in male animals.

to be lethal, whereas in plants such individuals are sometimes viable. Some
spontaneous abortions in humans are due to the polyploid condition. The
second numerical abnormality in chromosome numbers is known as
aneuploidy, where a single chromosome or a limited number of
chromosomes is involved. The individual may possess one more
chromosome than normal (2n+ 1) or may lack one chromosome (2n - 1).
Two or more chromosomes may be involved instead of one, which would
result in either the 2n+ 2 or the 2n - 2 condition. Mongolism in humans is
due to an extra chromosome or a part of an extra chromosome. Other
abnormalities of this kind involve other chromosome pairs in the human
body cells.

Aneuploidy involving the sex chromosomes occurs quite often in both
humans and farm animals, but it has been studied in more detail in humans.
About 1 in 400 births in humans involves sex chromosome abnormalities.
Such abnormalities can involve a condition of XXY or XYY. Some XXXY
individuals have also been described. Other individuals are known to
possess only one X and no Y (XO). Individuals possessing no sex
chromosomes (QQ) have not been described, probably because such a con-
dition would be lethal very early in embryonic development.



8 |  INTRODUCTION

STRUCTURAL ABNORMALITIES. Several structural chromosome abnormalities
have been described in the scientific literature, and most of these also are
detrimental or lethal.

The structural abnormality known as a rranslocation is one in which a
portion of a chromosome is broken off from one chromosome and becomes
attached to the end of another not homologous to it. This is harmful to the
individual in some cases but not in others.

A deletion is a chromosome abnormality in which a part of a
chromosome is missing (deleted). It is usually harmful and often lethal in
the affected individual.

A duplication means that a part of a chromosome is replicated or
duplicated. For example, in meiosis the homologous chromosomes come
together (synapse) and then separate again in later cell division. At times a
part of one chromosome may break and remain attached to its homologous
partner during synapsis, resulting in a duplication of chromosomal material
and genes in that individual. A duplication may also have harmful effects.

The normal arrangement of the genes on the chromosome may be
changed, resulting in an inversion of their order on the chromosome. To il-
lustrate an inversion let us assume that the normal sequence of genes on a
chromosome is a b ¢ d e f. Breakage and the reunion of the same chromo-
some parts may result in a new sequence of genes suchas abdcef in
which the order of c and d is reversed or inverted.

Isochromosomes also have been observed in the study of
chromosomes. In cell division each chromosome forms two sister
chromatids bound together at one point by the centromere. Normally, the
splitting of the sister chromatids occurs longitudinally, but it may occur in a
transverse manner, resulting in two chromosomes that have equal arms but
are unlike genetically, as shown in Figure 1.4. Other structural chromosome
abnormalities include broken chromosomes and ring chromosomes. The
ring chromosome is illustrated in Figure 1.5.

MIXED CELL TYPES. Abnormalities of this kind include chimerism and
mosaicism. Chimerism is a condition in which one individual may possess a
chromosome complement from two different sources or genotypes. For ex-
ample, a heifer born twin with a bull calf is called a freemartin and is almost
always sterile. Her white blood cells, and possibly other cells of the body,
have some cells from her own body that possess XX chromosomes and
others from her twin brother that possess XY chromosomes. She has some
XY chromosomes from her brother apparently because they had a common
blood supply during intrauterine life. Some scientists have been able to fuse
two different fertilized mouse eggs that develop normally to produce a
single mouse with chromosomes from two different genetic sources. This is
also an example of chimerism.
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|
SISTER TWO IDENTICAL
CHROMATIDS CHROMOSOMES

* (:j:?
s

SISTER TWO
CHROMATIDS ISOCHROMOSOMES

Fig. 1.4.

Mosaicism occurs in an individual where some cells may possess the 2n
number of chromosomes and others the 3n number. All sources of
chromosomes, however, are from that one individual or one genotype.

Chromosome abnormalities may occur naturally, but others may be in-
duced by exposure to drugs, X-rays, and possibly certain chemicals in the
diet.

CELL DIVISION

Cells increase in number by undergoing division. Two general types of
cell division are known. These are mitosis and meiosis. Mitosis is the type of
cell division in which the new cells produced (daughter cells) are duplicates

NORMAL RING
CHROMOSOME CHROMOSOME

Fig. 1.5.
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of the original mother cell, with all possessing the 2n (diploid) number of
chromosomes. Meiosis is cell division in the gonads (ovary or testes) in
which the 2n number of chromosomes is reduced to the In, or haploid,
number in the sex cells. This reduction in chromosome number is necessary
50 that the union of the sperm and egg at fertilization will restore the normal
2n number of chromosomes coming from each of the two parents. As
shown previously, the failure to maintain the normal 2n number of
chromosomes from one generation to another would result in the extinction
of that species.

THE GENE AND HOW IT FUNCTIONS

A gene may be defined as a portion of DNA molecule. DNA is an ab-
breviation for deoxyribonucleic acid. DNA consists of a long molecule ex-
tending the length of the chromosome and resembling a long twisted ladder,
although it is extremely small, being ultramicroscopic in size. The two
strands of the DNA molecule, which may be compared to the two sides of a
ladder, are joined together by rungs that are actually two bases of the com-
bination A to T (adenine to thymine) or G to C (guanine to cytosine) (Fig.
1.6). Adenine always joins with thymine and guanine with cytosine. Each
strand of the DNA molecule is made up of repeated units known as
nucleotides. A nucleotide is composed of a nitrogenous base (either a purine
or a pyrimidine) linked to a sugar (deoxyribose) that is also linked to a
phosphoric acid molecule. DNA is found almost entirely in the nucleus of
the cell. The average gene, sometimes called a cistron, is thought to be a
portion of a double-stranded DNA molecule consisting of about 600 con-
secutive base pairs. Hundreds, and even thousands, of genes may be located
on a single chromosome.

Genes have at least three basic functions. They reproduce themselves,
they produce RNA, and they send the code to the cytoplasm of the cell for
the synthesis of a specific protein.

How genes duplicate themselves is illustrated in Figure 1.7. In duplica-
tion the two strands of the DNA molecule separate at the union of the base
pairs, and each strand then serves as a template, or mold, to assemble
another strand to form exact duplicates of a double-stranded DNA
molecule. The success of this duplication process is assured, fundamentally,
by the fact that (A) always joins with (T) and (C) with (G). When each
double strand separates at the base pairs, new molecules of the bases, sugar,
and phosphoric acid are assembled from the cell constitutents to form two
new duplicate double strands of DNA that are exactly alike.

The DNA molecule also produces molecules of RNA, which is an ab-
breviation for ribonucleic acid. An RNA molecule differs from a DNA
molecule by containing the sugar, ribose, instead of deoxyribose. The RNA
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Fig. 1.6. Diagrammatic sketch of a DNA molecule. A, T, C,
and G are bases, with A always joined to Tand C to G.

molecule also differs from the DNA molecule in that it contains the base,
uracil (U), which replaces thymine (T) found in DNA. In RNA, uracil
always unites with adenine and guanine with cytosine. Probably most RNA
molecules are formed in the nucleus in a process similar to that which pro-
duces new DNA molecules. The DNA molecule separates and one of the
strands serves as a template or mold to form a single strand of RNA with (U
to A) and (G to C) from cell constitutents. At least three RNA molecules are
known. These are messenger RNA (mRNA), transfer RNA (tRNA), and
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Fig. 1.7. This illustrates how the DNA molecule exactly
duplicares itself. The double-stranded DNA separates into two
single strands which then assemble other parts to form two
double-stranded DNA molecules that are exact duplicates of each
other.

ribosomal RNA (rRNA). These three RNA molecules are different in struc-
ture and probably perform separate functions in assembling proteins in the
cytoplasm.

Another major function of the DNA molecule is to direct the synthesis
of specific proteins by ribosomes in the cytoplasm of the cell. The DNA
molecule sends the code to the ribosomes by means of mRNA for building a
specific protein. Proteins differ from each other in the kind, number, and
arrangement of the 20 amino acids found in natural proteins. Single-
stranded mRNA transmits the code received from the DNA molecule in the
nucleus for building proteins to the ribosomes in groups of three con-
secutive bases known as triplets, or codons. A codon such as UUG, for ex-
ample, specifies a particular amino acid, whereas another codon such as
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GGU specifies another. However, some codons may specify the same amino
acid, others may not code for any amino acid at all, while still others may
specify the beginning and/or ending of a chain of amino acids. This ar-
rangement is necessary because there are 64 possible codons but only 20
amino acids.

A change in the genetic code (called a mutation) will result in a dif-
ferent sequence of amino acids being assembled and thus form a different
protein from that produced before the mutation took place. New mutations
are responsible for many recessive defects observed in animals.

CONTROL OF GENE FUNCTION

All genes within a cell are not functional. Some may function in one
cell but not in another. Some may function at one time during life but not at
another time. The mechanisms responsible for genes functioning, or not
functioning, have been the object of research for many years. Much of the
research has been done with microorganisms, and the results may not be en-
tirely applicable to larger animals.

The theory of gene function in microorganisms proposes that there are
two principal kinds of genes: the structural genes responsible for the syn-
thesis of the different kinds of proteins, and the control genes which
regulate the activity of structural genes but are not directly involved in pro-
tein synthesis. They do control protein synthesis indirectly, however,
through the structural genes.

Control genes are of two kinds: the operator and the regulator genes.
Operator genes appear to be located on the same chromosome as structural
genes and adjacent to them. An operator gene may control the activity of
one or more structural genes, turning them on and off, like a switch. Most
regulator genes appear to be located on a different chromosome from struc-
tural genes although some may be located on the same chromosome. The
regulator gene seems to produce a substance known as a repressor, usually a
protein, which blocks the action of the operator gene, which in turn does
not allow the structural genes to produce proteins because they cannot pro-
duce mRNA. A substance called an inducer (or depressor), which is usually
a substrate, or a hormone, converts the repressor substance into an inactive
compound, allowing the operator gene to function and the structural genes
to synthesize proteins.

TRANSMISSION OF GENES FROM ONE

GENERATION TO ANOTHER
Each animal receives a random one-half of its genes from each parent.
This occurs because of the segregation of genes from the parents into the
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gametes and their recombination in the newly fertilized egg from which the
new individual develops. This is brought about in nature by a particular
kind of cell division called meiosis in the sex cells and the maintenance of
the 2n number of chromosomes from each species for generation after
generation because of the union of the sperm and egg in fertilization. Since
the genes are carried on the chromosomes, they also occur in pairs in body
cells and in half pairs in the gametes. Possible exceptions to this are sex-
linked inherited traits, which will be discussed later, and where chromosome
abnormalities occur.

Segregation of Genes in the Gametes —One Pair of Genes

We will use a single pair of genes carried on one pair of homologous
chromosomes to illustrate how genes segregate from the primary sex cells
into the gametes. A pair of genes (both influencing the same trait) such as
(A) and (a) are known as alleles, or allelomorphs. With two alleles of this
kind, they may combine in three different genotyes (genetic combinations);
namely, AA, Aa, and aa.

An individual of genotype AA can transmit only an (A) gene through
its gametes to its offspring because that is the only kind of gene it possesses
in that pair. Likewise, an individual of genotype aa transmits only an (a)
gene to its offspring for the same reason. This assumes, of course, that no
new mutation occurs in these genes. The situation is a little different for the
individual of the genotype Aa. Since it possesses both gene (A) and gene (a)
it can transmit one or the other of these genes, but not both at the same
time, through the sex cells to an offspring. The probability it will transmit
the (A) gene to an offspring i1s ¥2 and the same probability is true for the
transmission of the (a) gene to a particular offspring.

Segregation of Genes in the Gametes—Two Pairs of Genes

If we consider two pairs of genes with each pair carried on separate
homologous chromosomes, the situation is somewhat different from that
when one pair of alleles is involved. If we use pairs of genes A-a and B-b,
nine different combinations of genes are possible in the individual: AABB,
AABDb, AAbb, AaBB, AaBb, Aabb, aaBB, aaBb, and aabb. Since genes (A)
and (a) segregate independently from genes (B) and (b) in the gametes, we
can use the law of probability which states that the probability of two or
more independent events occurring together is the product of each separate
probability to determine the probability of an individual of a certain
genotype transmitting these genes to its offspring.

Suppose we have an individual of genotype AaBb, and we want to
know what the probability would be that such an individual would transmit
genes AB to an offspring. The probability of such an individual transmit-
ting an (A) gene to an offspring is %2, and the probability of its transmitting
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a (B) gene to its offspring, is also ¥2. Thus the probability of this individual
transmitting the gene combination AB to an offspring is V2 x Y2, or Y. The
probability of such an individual transmitting other combinations of genes
to an offspring (such as Ab, aB, and ab) can also be calculated in the same
manner. The probability of an AaBb individual transmitting any one of the
three combinations of genes to an offspring is also 4.

Segregation of Genes in the Gametes —Four Pairs of Genes
This same law of probability may also be used to calculate the prob-

ability that certain combinations of many pairs of genes may be transmitted
to an offspring, providing each separate pair of genes is carried on separate
pairs of homologous chromosomes and no new mutations occur. For exam-
ple, the probability that an individual of genotype AaBbCcDd will transmit
certain combinations of genes to an offspring is as follows:

P of transmitting ABCD is 4 » V4 x V5 x 15 or Y

P of transmitting abed is 14 x V4 X 1A X Vs or Vs
The same procedure is followed for calculating the probability that such an
individual will transmit other combinations of genes to its offspring
through the gametes.

Recombination of Genes in the Zygote—One Pair of Genes
The union of the sperm and the egg at fertilization restores the pairs of
chromosomes and the pairs of genes carried on these chromosomes in the
offspring, with one chromosome of each pair (as well as one gene of each
pair) coming from each parent. We have previously shown that the paired
genes in the potential parent segregate by chance into the gametes. The same
law of chance also determines how these genes recombine in the offspring.
The recombination of genes in the offspring if both parents are of
genotype Aa would have the following probabilities:
P of offspring carrying AA is 14 X V4 or V.
P of offspring carrying Aais 2 (14 x 1) or %.
We multiply by 2 because Aa and aA are genetically identical.
P of offspring carrying aa is 14 x 14 or Y.
Thus the recombination of genes in the zygote also follows the law of
probability stated earlier.

Recombination of Genes in the Zygote—Two Pairs of Genes

Two or more pairs of genes carried in the gametes recombine in the
zygote according to the law of chance mentioned previously, providing each
pair of genes is carried on a different pair of homologous chromosomes and
thus assort independently. If two pairs of genes are carried on the same pair
of homologous chromosomes (known as linkage of genes) they are
transmitted together in the gametes and do not assort independently except
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when crossing over occurs and genes on the two homologous chromosomes
are exchanged during meiosis.

To illustrate the recombination of two pairs of genes in the zygote
when each pair is carried on a different pair of homologous chromosomes,
let us use the example where both parents are double heterozygotes, or
AaBb. What is the probability that these two parents will have an offspring
that is of genotype AABB? Taking each pair of genes separately, or one at a
time, the probability of an AA offspring is Y. Likewise, the probability of a
BB offspring is %. Thus the probability of AA combining with BB in the
offspring from such parents is ' X ¥, or ¥s. Using a similar procedure we
can calculate the probability of such parents producing an offspring of any
one of the other eight possible genotypes for these two pairs of genes. The
probability of AaBb parents producing an AaBb offspring is 24 X 24 or %,
and the probability of their producing an AaBB offspring is 24 x ¥ or #/s.

The same procedure may be used to calculate the probability of parents
of a known genotype producing a particular genotype in their offspring
when more than two pairs of genes are involved, providing each pair of
genes is carried on a separate pair of homologous chromosomes. For exam-
ple, the probability of two parents of genotypes AaBbCcDd producing an
AABBCCDD offspring is ¥ x V4 x 14 x ¥y or Yss. The probability of other
genotypes occurring in the offspring may be calculated by the same pro-
cedure.

PHENOTYPIC EXPRESSION OF GENES

Pairs of genes in the parent’s body cells will segregate into half pairs in
the sex cells and recombine in the offspring in the manner just described if
the different pairs of genes are carried on separate pairs of homologous
chromosomes in body cells. They segregate and recombine in this way
regardless of how they might express themselves phenotypically (as seen or
measured) in several different ways, and this has to be determined by ex-
periments and observations. Much is now known about the phenotypic ex-
pression of genes.

Dominance and Recessiveness

A gene is dominant when it covers up or hides the phenotypic expres-
sion of another gene paired with it in the body cells. The gene whose
phenotypic expression is hidden is called a recessive.

To illustrate this type of phenotypic expression of genes let us use the
gene (B) for black coat color in horses which is dominant to gene (b) for the
chestnut color. With these two genes (alleles), three genotypes and two
phenotypes are possible as follows:
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BB phenotype is black; genotype is homozygous dominant.

Bb phenotype is black; genotype is heterozygous dominant.

bb phenotype is chestnut; genotype is homozygous recessive.

Thus the gene for black (B) masks the phenotypic expression of gene (b) for
chestnut in the heterozygous individual. When no dominant black gene (B)
is present in the genotype, as in the chestnut (bb), the individual is able to
express the recessive phenotype.

Several important genetic facts may now be stated. (1) A homozygous
black (BB) parent always transmits a (B) gene to each offspring and will
produce all black and no chestnut offspring regardless of whether the other
parent is black or chestnut. (2) The heterozygous black (Bb) individual gives
half of its offspring gene (B) and half gene (b), so it does not breed true. (3)
The chestnut (bb) parent gives only the chestnut (b) gene to its offspring. If
both parents are chestnut (bb), and if a mutation of (b) to (B) does not oc-
cur, all offspring will be chestnut. If one parent is black (BB or Bb), some or
all of the offspring will be black. (4) Both black parents of a chestnut (bb)
offspring would be of genotype (Bb) because the foal had to receive the
chestnut gene (b) from both parents. What we have said about the dominant
black gene (B) and the recessive chestnut gene (b) holds true for all other
dominant and recessive genes in the individual.

Sometimes the dominant gene only partially covers up the phenotypic
expression of its recessive mate. Such a dominant gene is said to be only par-
tially dominant. In such cases one can tell the difference between the
homozygous individuals from observation or certain tests. For example, red
Shorthorn cattle are of genotype RR, roans are of genotype RW, and whites
are of genotype WW. If, on the other hand, dominance were complete, one
could not tell the difference between the homozygous dominant and the
heterozygous dominant individuals by observation.

Overdominance

This type of phenotypic expression of genes means that the
heterozygous individual is superior to either homozygote. With two genes
(A and a) we can have three genotypes such as AA, Aa, and aa. In over-
dominance the Aa individual would be superior to either the AA or the aa
genotypes. The individual does not breed true, however, but it can be pro-
duced almost 100% of the time by mating AA and aa parents. The over-
dominant action of genes seems to be important for traits related to physical
fitness or vigor.

Epistasis
This may be defined as a type of phenotypic expression of genes in
which one pair of genes affects the phenotypic expression of another pair of
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genes usually located on another pair of chromosomes. Two or more pairs
of genes may be involved, but for illustrative purposes we will use only two
pairs.

An example of epistasis is found in the dominant white coat color of
horses. The dominant white gene (W) not only covers up the expression of
its allele, the (w) gene that allows color when the genotype is ww, but it also
hides or covers up the expression of the black (B) and the brown (b) genes as
well as all other color genes. An individual of genotype WwBB would be
white, whereas one of genotype wwBB would be black. This kind of gene
action probably affects many traits in humans as well as other animals.

Additive Gene Action

In this type of phenotypic expression of genes there is no dominance,
recessiveness, overdominance, or epistasis. Certain genes contribute
something to the phenotype; others do not. The effects of different pairs of
genes simply add to each other to give a more extreme phenotype. Many
pairs of genes may affect the phenotype when additive gene action is in-
volved, but we will again use only two different pairs of genes and assume
that they are carried on two different pairs of homologous chromosomes.
To illustrate this kind of gene action we will use a hypothetical example of
speed in race horses. This trait seems to be affected by additive gene action
because it is 35%-40% heritable, but more than the two pairs of genes we
are using in this example may be involved. To illustrate additive gene action
we will assume that genes (A) and (B) each contribute to greater speed,
whereas genes (a) and (b) do not. The following genotypes and phenotypes
would illustrate additive gene action:

aabb poor racing ability

Aabb less than average racing ability
AAbb or AaBb average racing ability
AABboraABB above average racing ability
AABB very good racing ability

Note that each time an (A) or (B) gene is added to the genotype, it adds
to the faster racing ability of that individual. Thus the phenotypic effects
add to each other.

Many traits in animals are determined by additive gene action and
one can determine which trait by how highly heritable it is, with the
higher the heritability the more variation that is due to additive gene ac-
tion. Traits affected only by additive gene action do not express hybrid
vigor nor are they affected adversely by inbreeding. Nonadditive gene ac-
tion, which included dominance-recessiveness, overdominance, and
epistasis, is indicated when the trait is very lowly heritable, expresses
hybrid vigor when nonrelated parents are mated, and shows adverse ef-
fects when inbreeding is practiced. Since many traits in animals are af-
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fected by several pairs of genes, it is possible for some traits to be af-
fected mostly by additive gene action, or mostly by nonadditive gene ac-
tion, or by both.

Other Types of Phenotypic Expression of Genes

The mode of inheritance for a trait is changed somewhat from normal
when the genes involved are carried on the sex chromosomes or when dif-
ferent sexes are involved. We will now present a few examples of these
because some defects are affected by this type of inheritance, i.e., they are
sex-linked.

As stated previously, each individual mammal carries one pair of
chromosomes called the sex chromosomes, with one member of the pair
being designated as the X and the other as the Y. The X chromosome in
mammals is much longer than the Y and therefore must carry more genes.
This is illustrated in Figure 1.3.

A sex-linked recessive trait is one in which the genes for the trait are
carried on the portion of the X chromosome that has no counterpart (no
homologous portion) in the Y. In the female mammal where two X
chromosomes are present, the sex-linked recessive trait is inherited in exact-
ly the same manner as other traits determined by a pair of recessive genes
carried on the autosomes. These sex-linked genes are not paired in the male
because he possesses only one X chromosome and the Y does not carry this
gene. Therefore, in the male a sex-linked recessive trait needs only one
recessive gene to express itself phenotypically and this recessive gene is
always transmitted to the male mammal from its mother. This is true
because each male mammal receives an X chromosome from its mother and
a Y chromosome from its father. Female mammals, however, receive an X
chromosome from both the father.and mother. Sex-linked dominant traits
can be transmitted from the sire to his daughters because he transmits an X
chromosome to them, but he cannot transmit such a gene to his sons
because he transmits only a Y chromosome to them. A mother could
transmit a sex-linked dominant gene to either a son or daughter because she
transmits an X chromosome to each of them and a gene of this kind is car-
ried on the X chromosome.

A few genes may be carried on the nonhomologous portion of the Y
chromosome (Fig. 1.3). Research workers do not all agree on what traits are
determined in this manner, but apparently traits that might be carried on
the nonhomologous portion of the Y are of little or no economic im-
portance. Such traits would always be transmitted from a sire to his sons in
subsequent generations. The inheritance due to genes on the non-
homologous portion of the Y chromosome is known a holandric in-
heritance.

Hologynic inheritance is a type of inheritance in which the mother
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always transmits the trait to her daughters and not to her sons. The theory
used to explain this kind of inheritance is that the mother transmits two X
chromosomes to her daughters, with none coming from the father.

The phenotypic expression of genes carried on the autosomes may be
affected by the sex of the individual. In such cases, the trait is dominant in
the male and recessive in the female, or one gene is necessary for the ap-
pearance of the trait in males and two in females. Baldness in humans and
the presence of scurs (rudimentary horns) in English breeds of cattle are ex-
amples of this kind of inheritance.

Still another type of inheritance involving the sex of the individual is
called sex-limited inheritance. Traits of this kind are limited to one sex, as a
general rule. For example, only hens lay eggs and only cows give milk. The
males of these species carry genes for these traits, but the genes cannot ex-
press themselves phenotypically in the males, perhaps because of the action
and interaction of genes and sex hormones.

Other Variations in the Phenotypic Expression of Genes

It is possible for one gene to affect two or more traits in the individual.
This is called pleitrophy and an example would be the situation in which
some blue-eyed white cats are deaf. Coat color and other genetic defects
have been described in many other species besides the cat.

Genes may express themselves at almost any time during the life of the
individual. The mule-foot condition in swine is inherited and the gene ex-
presses itself early in embryonic life when the hooves are being formed.
Other traits may not appear in animals until much later in life. For example,
baldness in humans is inherited but men are not usually bald until they are
twenty or more years of age.

An individual may carry a gene for a certain trait but the trait may
never be expressed. This is called a lack of penetrance of a gene and this
makes it more difficult to eliminate such a gene from a group of animals.
Also genes vary widely in their expression, as for example, dwarf calves
vary from those that are definite dwarfs at birth to those that appear almost
normal in size even when they reach maturity. Varied expressivity of genes
also makes it more difficult to be certain of the genotype of the individual
and increases the difficulty of eliminating a gene from a population.

The treatment of humans with certain drugs has shown that individuals
differ genetically in their ability to inactivate some drugs in the body. An ex-
ample is isoniazid, which is a drug used for the treatment of tuberculosis in
humans. Some individuals inactivate this drug rather quickly in the body,
and they possess homozygous dominant genes for inactivation. Other in-
dividuals are slow inactivators and they are homozygous recessive,
Heterozygous dominant individuals are intermediate between the two other
genotypes in the rapidity of inactivity of this drug. In some slow inac-
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tivators, toxic symptoms appear as polyneuritis due to the continued
presence of the drug in the body. About 50% of the people in the United
States and Europe are slow inactivators. No doubt mammals other than
humans may be susceptible to certain drugs administered for the treatment
of illnesses and, with prolonged use, some toxic symptoms may appear.

CONTROLLING AND ELIMINATING RECESSIVE GENES
IN A POPULATION

Most genetic defects in animals are either recessive or partially domi-
nant in their phenotypic expression. The defects due to a dominant gene
probably would be eliminated because the individuals possessing such a
defect would be less likely to survive than the normal individuals.
Therefore, in most instances animal breeders are confronted with the
elimination of a recessive gene from their herd, kennel, or cattery and this is
much harder to do than to eliminate a dominant or partially dominant gene.
Carriers of a dominant or partially dominant gene can be identified by eye
appraisal and eliminated. Carriers (heterozygotes) of a completely recessive
gene are not distinguishable from those of the homozygous dominant
phenotype. Therefore, special methods are necessary to identify and
eliminate a recessive gene from herds, kennels, etc.

To eliminate a recessive gene, all the homozygous recessive individuals
must be culled as well as their parents, because their parents are also carriers
of that recessive gene. All other carriers of the recessive gene must be iden-
tified and culled. This requires a breeding test, unless other tests are
available, to determine if the individual of the dominant phenotype is
homozygous or heterozygous. In animals that give birth to 1 young
(primiparous), it is almost impossible to progeny test females because it may
take many years and many progeny for the test to be completed. In litter-
bearing animals (multiparous), such a test is possible in females as well as
males.

The most practical test for identifying a dominant carrier of a recessive
gene, if homozygous recessive individuals for this trait survive and are fer-
tile, is to mate the animals to be tested to at least 5 homozygous recessive in-
dividuals or at least produce 5 offspring from a recessive individual. If a
recessive offspring is produced, it is proof that the animal being tested is
heterozygous dominant. Five offspring of the dominant phenotype from
such matings without a recessive offspring produced are proof that the
animal being tested is homozygous dominant at the 95% confidence level of
probability. Seven such matings without a homozygous recessive offspring
being produced are proof that the animal tested is homozygous dominant at
the 99% level of probability.

Sometimes the homozygous recessive individuals die early in life or are
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infertile and cannot be used for testing purposes. In such a case the test
matings may be made with the animal of the dominant phenotype (animal
being tested) mated with known dominant carriers of the recessive gene. An
individual is a known carrier of a recessive gene if it is of the dominant
phenotype but has produced 1 offspring that is recessive or has had 1 parent
that is recessive. Again, 1 recessive offspring from such a mating proves the
individual being tested heterozygous dominant, whereas 11 such matings
without a homozygous recessive offspring being produced are proof that
the tested individual is homozygous dominant at the 95% level of probabili-
ty. Sixteen dominant and no recessive offspring from such matings prove
the individual being tested homozygous dominant at the 99% level of
probability.

In litter-bearing animals, it is possible to mate the individual to be
tested to 1 female that is homozygous recessive to prove its genotype. One
recessive offspring from such a mating proves the animal being tested
heterozygous dominant. Five offspring of the dominant phenotype without
a recessive offspring produced prove the animal being tested homozygous
dominant at the 95% level of probability, whereas 7 dominant and no
recessive offspring prove the animal being tested homozygous dominant at
the 99% probability level. If heterozygous individuals are used for testing in
multiparous animals, 11 offspring of the dominant phenotype or 16 off-
spring of the dominant phenotype without a recessive offspring prove the
animal being tested homozygous dominant at the 95% or 99% level of
probability, respectively.

Another method of testing an individual of the dominant phenotype to
determine if it is homozygous or heterozygous dominant is to mate it to its
own progeny. In primiparous animals this is practical only for males,
whereas in multiparous animals both males and females can be progeny
tested for a recessive gene in this manner. The advantage of this testing
method is that it is possible to test for any recessive gene the individual
might be carrying and not for just a specific one. A disadvantage is that the
offspring are at least 25% inbred and may lack vigor or some of them may
even show a genetic defect that hinders their performance. A single recessive
offspring produced from such a mating proves the animal being tested a
carrier of a recessive gene. In primiparous animals, 23 offspring from 23
different unselected daughters with no recessive offspring produced prove
the male being tested homozygous dominant at the 95% level of proba-
bility, whereas 35 progeny from 35 different unselected daughters and no
recessive offspring produced prove the male being tested homozygous
dominant for all recessive defective genes at the 99% level of probability. In
multiparous animals a parent mated to 5 of its unselected offspring with at
least 11 progeny produced from each mating with no recessive offspring
produced is proof at the 95% level of probability that the parent is
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homozygous dominant, or free from recessive defects. A parent mated to 7
unselected offspring with 16 progeny produced per mating and none of
which are homozygous recessive proves the individual being tested free
from recessive defects at the 99% level of probability.

QUANTITATIVE INHERITANCE

The previous discussion dealt with some basic principles of genetics in
which only one or two pairs of genes were involved and there was a sharp
distinction between phenotypes. This is known as gualitative inheritance.
Traits such as speed, mature height, rate and efficiency of gain, milk pro-
duction, and many others are usually determined by many pairs of genes,
and the phenotypes are not sharply distinct from one another, and environ-
ment as well as heredity affects these traits. This is called quantitative in-
heritance. Most of the traits (defects) discussed here will deal with
qualitative inheritance, so we will not elaborate on methods of improving
livestock animals through attention to guantitative methods. Quantitative
inheritance is involved sometimes, however, in resistance to disease or to
deficiencies in the diet. Quantitative inheritance may also be important for
breeds having height limitations, etc.

Inbreeding

Inbreeding is one of the tools available to the breeder for the improve-
ment of his animals. It may be defined as the production of offspring by
parents more closely related to each other than the average of the popula-
tion. Some breeders have erroneously considered close inbreeding (such as
brother-sister, father-daughter) as inbreeding and less intense (grandfather-
granddaughter) as linebreeding. Both are inbreeding.

Inbreeding is usually practiced for one or more reasons. In the initial
stages of the development of a breed, inbreeding is necessary because the
small nucleus of animals forming the breed is closed to outside blood and
this limits the number of breeding stock available. These top breeding
animals are usually related.

Inbreeding was practiced in the development of almost every breed of
livestock. It was even used in the early history of the human race. Moses
was inbred because the same ancestor, Terah, appeared in his pedigree at
least twelve times. Terah was so far back in Moses's pedigree, however, that
the amount of inbreeding was small, ranging between 5% and 6%.

Many breeders of purebred companion animals routinely practice in-
breeding. Perhaps one of the reasons for this is that some individual has an
outstanding show record and there is tendency to breed as many females as
possible to such a male. In later generations an attempt is often made to
concentrate the inheritance of this ancestor by linebreeding.
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WHAT INBREEDING DOES GENETICALLY. Inbreeding tends to make animals more
homozygous for the genes they carry. In other words, the genes of each pair
they carry in their body cells are more likely to be alike. The proportional
increase in the pairs of homozygous genes in the inbred offspring increases
with the intensity or amount of inbreeding. The more closely the parents are
related, the more intense the inbreeding or the increase in homozygosity.
Homozygosity increases with more intense inbreeding regardless of how
genes express themselves phenotypically. Thus dominant, recessive, partial-
ly dominant, overdominant, and additive genes are made more
homozygous. The increase in homozygosity is estimated from the in-
breeding coefficient. For example, if an animal is inbred by 25%, or the
equivalent of being produced from the mating of a full brother with a full
sister, the percentage of genes made homozygous is increased by 25% over
those that were homozygous before inbreeding was practiced. If an animal
is inbred by 12.5%, or the equivalent of a half-brother x half-sister mating,
the increase in the percentage of homozygous genes over what was present
in the population before inbreeding was practiced is 12.5%. Thus higher in-
breeding makes more pairs of genes homozygous. The amount of In-
breeding to expect from some different kinds of mating is given in Table
12

Table 1.2. Percentage of inbreeding in offspring produced by dif-
ferent kinds of matings when parents are not inbred.

Type of Mating % of Inbreeding in Offspring
Parent = offspring 25.00
Full brother = full sister 25.00
Half-brother x half-sister 12.50
First cousins 6.25
Second cousins 1.56
Third cousins 0.39
Nephew = aunt or niece x uncle 12.50
Grandparent x grandchild 12.50
Double first cousins 12.50

Increased homozygosity increases the probability that all offspring will
receive the same inheritance from their inbred parent. We can illustrate this
by the following example using four different pairs of genes, each pair of
which is inherited independently of the others:

Animal 1 ..... AABBCCDD (homozygous for four pairs of genes),

Animal2..... AaBbCcDd (heterozygous for four pairs of genes).
Animal 1 will transmit the same genes, ABCD, to each of its offspring.
Animal 2 will transmit one of 16 different combinations of genes to each
offspring. Obviously, the majority of offspring from animal 1 would resem-
ble each other and that parent much more than would the offspring of
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animal 2. The unusual resemblance of offspring to each other or to their
parent is called prepotency.

WHAT TO EXPECT FROM INBREEDING. Inbreeding will cause inherited recessive
traits to appear if the parental stock carry the recessive genes. Recessive
traits are usually undesirable. If recessive genes are not present in the
original breeding stock, increased inbreeding cannot uncover such genes or
cause them to appear. Inbreeding does not create new recessive genes, it just
allows them to express themselves. Noninbred individuals probably already
carry one or more of several recessive detrimental genes covered up by
dominant genes that may not appear unless inbreeding is practiced.

Increased inbreeding causes a reduction in fertility in some instances.
Reduced fertility is due to a poorer conception rate or to a higher fetal death
loss, probably because of the pairing of detrimental recessive or partially
dominant genes in the new individual.

Increased inbreeding causes a decline in those traits related to physical
fitness. The most dramatic effect here is the lowered viability observed in in-
bred animals. The death rate shortly after birth is higher in inbred than in
noninbred individuals. Inbred individuals may also lack somewhat in size,
although this is not always true.

Inbred individuals when mated to nonrelated animals will tend to breed
better than they look. Outbred individuals, on the other hand, tend to look
better than they breed. Breeders seldom, if ever, recognize this and pay no
more for inbred or linebred individuals than for noninbred stock. In fact,
they often will pay less because individuals that are inbred may not be so
desirable in size, health, type, and performance.

THE PURPOSE OF INBREEDING. One reason for inbreeding in certain species is to
produce lines for crossing. This is well illustrated by the procedures fol-
lowed in the production of hybrid seed corn. Corn is naturally an open-
pollinated plant with the tassels of each plant being fertilized by pollen from
other plants in the same field. A cornstalk possesses both male and female
parts. Thus the use of pollen from a corn plant to fertilize the same corn
plant results in self-fertilization. Self-fertilization in the first cross results in
a 50% increase in the pairs of homozygous genes in the inbred individual.
This is another way of saying that inbreeding is increased by 50%. After
several generations of inbreeding, the line approaches 100% inbreeding
with almost all pairs of genes homozygous. With the increased inbreeding
(homozygosity), some inbred lines fail to maintain themselves because of
severe decreased vigor or the appearance of lethal (death causing) recessive
defects. Inbred lines decrease somewhat in vigor but some survive. When
homozygosity approaches 100%, the various surviving lines are crossed to
find those that cross the best as shown by the performance of their linecross
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offspring. Those that cross the best are kept as pure lines and crossed from
time to time to produce linecross seed which is sold to farmers to plant for
the commercial production of corn. Since the inbred lines are genetically
pure, if they cross well one time they should continue to cross well at later
times. The inbred lines must be kept pure; however, certain methods may be
used to improve each line when that becomes necessary.

Very few animal breeders, and especially not breeders of companion
animals, inbreed with the objective of producing two or more inbred lines
for crossing. They usually inbreed to produce superior individuals. Often
superior individuals are produced through inbreeding, but on the average,
inbreds (for certain traits) are likely to show a decline as inbreeding in-
creases. Then, too, some recessive traits appear that are quite detrimental
and undesirable. Therefore, it is very difficult, if not impossible, to develop
inbred lines of animals (especially economic species) that will perform as
well as those that are not inbred. The breeder should always keep this in
mind when following an inbreeding program.

To most livestock breeders any amount of inbreeding gives undesirable
results. Perhaps this is because few know how to calculate the amount of in-
breeding. Nevertheless, the more intense the inbreeding, the more likely the
individuals are to lack vigor and the more likely recessive traits will appear
if they were present in the original parental stock.

Linebreeding

Linebreeding is a form of inbreeding in which an attempt is made to
keep the relationship of individuals in the herd or kennel, etc., as high as
possible to some outstanding ancestor in the pedigree. The ancestor is usual-
ly a male rather than a female because he has so many more descendants, as
a general rule, and this allows a greater opportunity to prove his merit by
means of a progeny test.

Pedigree 1 is given to illustrate systematic linebreeding (Fig. 1.8). Let-
ters are used in place of names to make the handling of the pedigree simpler.
Only one ancestor in this pedigree is responsible for the relationship be-
tween the sire and dam of individual X. This ancestor is individual F. We
have purposely placed him in the pedigree as the only great-grandsire of in-
dividual X. The arrow diagram shows that individual X traces by four
separate lines to ancestor F. This illustrates why it is called linebreeding. By
looking at pedigree 1, it can be seen that individual X received approximate-
ly 50% of his inheritance from ancestor F, his great-grandfather. A correc-
tion for the inbreeding of individual X would lower this figure to about
47%. Thus the relationship between individual X and his ancestor F is ap-
proximately as great as it usually is between a sire and his offspring (50%).
If linebreeding had not been practiced, the relationship between X and F
would have been only 12.5% or they would have approximately this propor-
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Fig. 1.8. This pedigree and arrow diagram illustrate a definite
system of linebreeding where an attempt has been made (o
concenirate the blood of individual F in the pedigree. Individual
X is inbred abour 12.5% and the relationship between X and F is
slightly less than 50%.

tion of their inheritance in common. Table 1.3 gives the relationship be-
tween an individual and his various ancestors.

Several generations of linebreeding to some ancestor will eventually re-
quire linebreeding through some of his descendants, but the attempt is still
made to concentrate the inheritance of the desired individual.

COMPARISON OF ORDINARY INBREEDING AND LINEBREEDING. As previously
stated, linebreeding is inbreeding but not all inbreeding is linebreeding. In

Table 1.3. Probable percentage of genes (relationship) that an individual has in common
with his ancestors

Kind of Ancestor % of Blood % of Relationship
No Inbreeding Involved:
A parent S0.00)
A grandparent 25.00
A great-grandparent 12.50
A great-great-grandparent 6.25
Inbreeding Involved:
Both a parent and a grandparent* 75.00 67.08
A double grandparent 50,00 47.14
A double great-grandparentf 25.00 24.62
A triple great-grandparent : 37.50 36,38
A guadruple great-grandparent S50.100 47.14

* Individual resulting from the mating of a sire to his own daughter or a dam to her
OWI S0,

t The same individual is a grandparent of both the sire and dam. If a double great-
grandparent only in the sire’s or in the dam’s pedigree, the relationship would not have to
be corrected for inbreeding and would be 25 .00%; .
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pedigree 1 where linebreeding was illustrated, individual X was inbred by
about 12.5%. Most people would look at the pedigree and say that X was
intensely inbred. This really is not true because only one individual was
responsible for the inbreeding of X and this ancestor was found back in the
third generation.

Inbreeding may be defined as the production of offspring from parents
more closely related to each other than to the average of the population.
Linebreeding is actually a special form of inbreeding. Ordinary inbreeding
is the mating of relatives, but there is no attempt to keep the relationship to
any one particular ancestor high in the pedigree. In fact, several ancestors
may be responsible for the inbreeding. Let us change the letters in pedigree 1
to form pedigree 2 to illustrate this point (Fig. 1.9). The arrow diagram of
pedigree 2 shows that four different ancestors are responsible for the in-
breeding of X. The inbreeding of X is still 12.5% as in pedigree 1, but the
relationship of ancestor F to X is less than 12.5%. Thus in this pedigree
there has been inbreeding without an attempt to concentrate the blood of
any one particular ancestor. This is a rather complex pedigree, but it il-
lustrates the difference between ordinary inbreeding and linebreeding.
These illustrations are extreme and in some pedigrees it is difficult to
distinguish between ordinary inbreeding and linebreeding.

WHEN TO LINEBREED. This is an important point. Linebreeding should be used
only in the production of purebreds and one should never linebreed just to
be linebreeding. Such a program might be interesting but probably would be
of little value. In fact, linebreeding in such an instance might result in the
production of inferior animals.
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Fig. 1.9. This pedigree and arrow diagram illustrate a form of
inbreeding that is not linebreeding because four different an-
cestors (F, G, I, and H) are responsible for the inbreeding and no
attempt has been made to concentrate the blood of any one
ancestor. Individual X is inbred about 12.5% and the
relationship between X and F is less than 12.5%.
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The use of linebreeding is indicated when some truly outstanding in-
dividual in the breed has been identified and proved superior by an ade-
quate progeny test. If such an individual is still living and available for
breeding purposes, it seems more desirable to use him as a sire since all his
sons and daughters are related to him by 50%.

Linebreeding may be practiced when the outstanding individual is dead
or not available for breeding purposes. A system of linebreeding illustrated
in pedigree 1 should be followed when possible or various modifications of
this system could be used. The main point is to concentrate the blood of the
outstanding ancestor as much as possible. This requires a planned,
systematic mating system. The system illustrated in pedigree 1 cannot be
followed indefinitely and sooner or later linebreeding must be directed
through some of his sons and daughters, usually his sons. This is illustrated
in pedigree 3 (Fig. 1.10).

Linebreeding to a particularly outstanding sire may be practiced by a
breeder who does not own the sire, cannot purchase him, or cannot obtain
his services. If he can purchase or use one or more high quality sons and
daughters of the admired ancestor, he can practice the linebreeding il-
lustrated in pedigrees 1 and 3 and increase the relationship of offspring in
the herd, kennel, etc., to the outstanding individual.

HOW TO USE LINEBREEDING. The following points are recommendations on
how to use linebreeding:

F
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Fig. 1.10. This pedigree and arrow diagram show a system of
linebreeding to individual F through his son A. Individual X is
inbred by 21.875% and the relationship between X and F is about
50%. Note that the inbreeding of individual X is higher in this
system of linebreeding than it is in the system shown in pedigree
1. However, it requires just one son of individual F in this system
whereas at least iwo are required in pedigree 1.
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1. Linebreed only when some outstanding individual has been iden-
tified by a satisfactory progeny test and not on just someone’s
opinion.

2. Beready to cull rigorously in the linebred individuals.

3. Depart from linebreeding if some undesirable fault appears. Be on
the lookout for such faults.

4. Do not breed too closely. The mating of a sire to his own daughters
is as close breeding as possible and may be used to determine any
recessive genetic defects the sire is carrying. Half-sister x half-
brother matings similar to those in pedigree | are probably close
enough in most cases. If one desires to make a father x daughter
mating, one should be aware of possible consequences.

5. When superior linebred families are developed, crosses of two or
more of them would improve the performance traits, such as vigor,
etc., of the linecross offspring. If other linebred families are not
available, outcross to some desired individual where greater vigor
and performance are desired. However, keep the linebred family
intact for seedstock production if it is superior. Just one outcross
results in the offspring no longer being linebred. Certain traits
might not be improved by the crossing of linebred families.

Outbreeding

This mating system may be defined as the production of offspring from
unrelated parents or less related than the average within a breed. At least the
parents are not related within the last four or five generations.

The genotypic and phenotypic effects (on certain traits) of outbreeding
are exactly opposite to those of inbreeding and linebreeding. Outbreeding
increases heterozygosity of the outbred individuals, it tends to cover up
recessive or partially dominant genes, and it is usually accompanied by an
improvement in traits related to physical fitness. It is the mating system
most often followed by breeders of purebred animals who try to avoid in-
breeding and linebreeding. In general, outbreeding tends to decrease
breeding purity because more pairs of genes are made heterozygous. Thus
an outbred individual is more likely to look better than it breeds, although
there are some exceptions.

Crossbreeding

This system of mating is the production of offspring by mating in-
dividuals from two or more breeds. Crossbreeding is rarely used (inten-
tionally) in companion animals. It gives the same results as outbreeding,
although the genotypic and phenotypic effects are more extreme.
Crossbreeding produces traits that show hybrid vigor and is used because of
this in the commercial production of many plants and animals, especially
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poultry, swine, and cattle. Crossbreeding, as well as outbreeding, tends to
cover up recessive genes in the offspring. However, it is possible for
crossbred individuals to show a genetic defect that did not appear in either
of the pure breeds used for making the cross. For example, let us assume
that a combination of genes (A) and (B) as (A_B_) are responsible for the
occurrence of a defect. If one parent were aaBB and the other AAbb, all
offspring would be AaBb and would show a defect not seen in either parent.
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PART 1I

Abnormalities
of the Dog




Section A:

DEFECTS WITH A PROBABLE GENETIC BASE




SUMMARY OF DEFECTS BY BREED
The following is a summary list of structural and functional defects
found in the dog that have been reported or suggested to have a genetic
base by the authors given in the reference sections following each defect.
Some of the defects are rarely observed. Many of the defects are
found in many of the breeds; certain defects have been reported for only
one breed. Limited data prevent definite conclusions as to whether some

of these traits are inherited.

The numbers listed under the defects are coded for the breeds in
which the condition is most common and/or at least has been reported.
For additional information as to inheritance, see the text.

BLOOD AND IMMUNE SYSTEM

Canine cyclic neutropenia, 33

Congenital hemolytic anemia, 5, 8, 10

Congenital hereditary lymphoedema,
129

Fibrinogen deficiencies, 33, 114

Hemophilia (factor VII), 5, 10

Hemophilia (factor XI), 47, 109

Hemophilia (factor X), 107

Hemophilia A (factor VIILI), 10, 31, 33,
43, 44, 48, 86, 90, 95, 97, 98, 100,
117,118

Hemophilia B (factor IX), 18, 30, 43,
107,114

Platelet function defects, 9, 39, 70, 93

Von Willebrand’s disease, 37, 44, 65,
83,93

CARDIOVASCULAR SYSTEM

Aortic stenosis, 24, 27, (41 & 42), 44,
66, 109

Atrial septal defect, 24

Patent ductus arteriosus, 33, 76, 77, 107

Persistent right aortic arch, 22, 44, 97

35

Pulmonic stenosis, 10, 27, 31, (41 & 42),
45,65,90,115

Tetralogy of Fallot, 54

Ventricular septal defect, 100

SENSORY ORGANS
Ear

Deatness, 29, 33, 34, 35, 39, (41 & 42),
46,77,78,79,88,93,94,98,127

Eye

Cataracts, 2, 6, 10, 22, (41 & 42), 65, 69,
73,77, 78,79, BS, 86, 107

Central progressive retinal atrophy, 85,
86,98, 109, 127

Collie eye anomaly, 33

Dermoid cyst of cornea, 9, 27, 34, 44,
66,107,114, 118, (119 & 120)

Distichia, 12, 22, 24, 27, 31, 32, 33, 34,
42, 44, 72, 76, 77, 78, 79, 80, 86,
08, 107, 109

Ectropion, 9, 19, 27, 46, 63, 95, 97, 107,
114
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Entropion, 19, 24, 27, 28, 32, 51, 67,71,
76, 77, 78, 79, 85, 86, 97, 107, 109,
114, 128

Glaucoma, 9, 10, 107

Hemeralopia, 5, 77

Everted membrana nictitans, 44, 46, 66,
74,114,118

Luxation of lens, 41, 42, 43, 44, 48, 86,
93,94,119, 120, 127

Microphthalmia, 126

Persistent pupillary membrane, 8

Progressive retinal atrophy, 4, 33, 64,
67, 77, 19, 85, 86, 89, 50, 97, 100,
107, 108, 128

Retinal dysplasia, 12, 86, 94

Superficial indolent ulcer of cornea, 24

Trichiasis, 27, 31, 34, 41, 42,72, 77, 78,
79, B0, 98

BONES AND JOINTS

Achondroplasia, 128

Anury, 107

Brachyury, 10, 26, 107

Carpal subluxation, none given

Cartilaginous exostoses, 5, 125, 129

Cervical vertebral deformity, 9, 37, (41
& 42), 46,69, 87,97, 114

Craniomandibular osteopathy, 22, 30,
86,93, 122

Cranioschisis (skull fissures), 107

Dwarfism, 5, 98

Epiphyseal dysplasia, 10, 77

Foramen magnum, 31, 102, 107

Hemivertebra, 22, 27, 43

Hip dysplasia, 128

Intertarsal and tarsometarsal subluxa-
tion, 33, 98

Intervertebral disc degeneration, 10, 34,
43, 59, 72, 77, 99, 107, 119, 120,
128

Legg-Calvé-Perthes disease, 61, 62, 65,
72,77,79, 80, 128 (small)

Osteogenesis imperfecta, 12, 67, 78

Otocephaly, none given

Overshot jaw, 34, 107

Panosteitis (enostosis), 44

Patellar luxation, 22, 26, 31, 43, 72, 76,
77,98, 107, 125, 128 (small)

Polydactyly, 128

Polyostotic fibrous dysplasia, 37

Short spine (spina bifida), 10

Spondylitis deformans, 3, 24, 34, 43,
44,107,128

Undershot jaw, 22, 27,72

Ununited anconeal process, 9, 19, 28,
34, 43, 44, 46, 47, 51, 58, 66, 73,
114,118

Vertebral osteochondrosis, 39

NEUROMUSCULAR SYSTEM

Ataxia, 3,22,41,43,93

Brachycephalic, 31, 61, 62,72

Cerebellar cortical and extrapyramidal
nuclear abiotrophy, 55

Cerebellar hypoplasia, 3

Cerebrospinal demyelination, 77

Epilepsy, 10, 15, 33, 34, 44, 54, 74, 77,
107,128

Familial amaurotic idiocy ganglio-
sidosis, 10, 30, 77, 122

Globoid leukodystrophy, 30, 122

Hydrocephalus, 128

Lissencephaly, 59

Muscle fiber deficiency, 86

Neuronal ceroid-lipofuscinosis,
given

Scottie cramp, 93

Spinal dysraphism (syringomyelia), 118

Stockard’s paralysis, 19, 46, 114, 129

Trembling, 3

none

IMGESTIVE SYSTEM

Cleft lip and palate, 129 (brachyceph-
alic), 6, 10, 16, 22, 24, 27, 28, 29,
31, 33,34,44,67,72,79,99, 107

Esophageal achalasia, 22, 24, 41, 44,
48, 86, 87, 109, 129

Gingival hyperplasia, 24

Intestinal lymphangiectasia, 8

Liver disease, 12

ENDOCRINE AMD METABOLIC SYSTEM

Diabetes mellitus, 34, 129

Glycogen storage disease, 129 (small)
Goiter, (41 & 42)

Pituitary dwarfism, 44

URCGGENITAL SYSTEM
Cryptorchidism, 129
Cystinuria, 129
Familial renal disease, 67
Intersexuality, 129
Polycystic kidney disease, 129
Renal agenesis and dysgenesis, 10, 129
Renal cortical hypoplasia, 34, 44, 59,
67, 107
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Uric acid excretion, 35

SKIN APPENMDAGES AND COMNMECTIVE TISSUE

Atopic dermatitis, 35, 42, 128

Black hair follicular dysplasia, 129

Blue dog syndrome, 34, 37, 46, 123

Cutaneous asthenia, 10, 61, 62, 109,
119, 120, 129

Dermoid sinus, 87

Ectodermal defect, 77, 107, 123

37

OTHER STRUCTURES
Calcinosis circumscripta (ca-gout), 24,
29, 44, 46, 48, 51, 73, 86, 129
(large)
Diaphragmatic hernia, 128, 129
Glossopharyngeal defect (bird tongue),
none given
Inguinal hernia, 8,9, 30,72, 122, 128
Laryngeal-tracheal collapse, 128 (toy)
Umbilical hernia, 3, 8, 29, 33, 72, 73,

Hairlessness, 77, 123 107,118, 128
DOG BREEDS
1. Affenpinscher 15, Dalmatian 68. Morwich terrier
2. Afghan hound 36. Dandie Dinmont 69. Old English sheep-
3. Airedale terrier terrier dog
4. Akita 37. Doberman pinscher 70. Otter hound
5. Alaskan malamute 38. English toy spaniel 71. Papillon
6. American Stafford- 39. Foxhound (American) 72. Pekingese
shire terrier 40. Foxhound (English) 73. Pointer
7. Australian terrier 41. Fox terrier (smooth) 74. Pointer (German
8. Basenji 42, Fox terrier (wire) shorthaired)
9. Basset hound 43. French bulldog 75. Pointer (German
10. Beagle 44. German shepherd wirehaired)
11. Bearded collie dog 76. Pomeranian
12. Bedlington terrier 45, Giant schnauzer 77. Poodle (miniature)
13. Belgian Malinois 46. Great Dane 78. Poodle (standard)
14, Belgian sheepdog 47. Great Pyrenees 79. Poodle (toy)
15. Belgian Tervuren 48. Greyhounds 80. Pug
16. Bernese mountain 49, Harrier 81. Pulik
dog 50. Irish terrier 82. Retriever (Chesa-
17. Bichon Frise 51. Irish wolfhound peake Bay)
18. Black-and-tan 52. ltalian greyhound 83. Retriever (curly
coonhound 53. Japanese spaniel coated)
19. Bloodhound 54. Keeshond 84. Retriever (flat
20. Border terrier 55. Kerry blue terrier coated)
21. Borzois 56. Komondorok 85. Retriever (golden)
22. Boston terrier 57. Kuvaszok B6. Retriever (Labra-
23. Bouvier des Flandres 58. Lakeland terrier dor)
24. Boxer 59. Lhasa Apso 87. Rhodesian Ridge-
25. Briard 60. Maltese back
26. Brussels griffon 61. Manchester terrier 88. Rottweiler
27. Bulldog (standard) 89. Saluki
28. Bullmastiff 62. Manchester terrier 90. Samoyed
29. Bull terrier (toy) 91. Schipperke
30. Cairn terrier 63. Mastiff 92. Scottish deerhound
31. Chihuahua 64. Miniature pinscher 93. Scottish terrier
32. Chow chow 65. Miniature schnauzer 94, Sealyham terrier
33. Collie 66. Newfoundland 95, Setter (English)
34. Dachshund 67. Norwegian elkhound 96. Setter (Gordon)
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97.
98.
99.
100.
101.
102.
103.

104.

105.
106.
107,
108.

Setter (Irish)
Shetland sheepdog
Shih Tzu

Siberian huskie
Silky terrier

Skye terrier
Soft-coated Whea-
ton terrier

Spaniel (American
water)

Spaniel (Brittany)
Spaniel (Clumber)
Spaniel (cocker)
Spaniel (English
cocker)
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109,

110.
111.

112.
113.

114,
115.
116.
117.
118.
119.

Spaniel (English
springer)

Spaniel (field)
Spaniel (Irish wa-
ter)

Spaniel (Sussex)
Spaniel (Welsh
springer)

Saint Bernard
Standard schnauzer
Tibetan terrier
Vizsla

Weimaraner

Welsh corgi (Cardi-
gan)

120.

121.
122.

123.
124.

125.

126
127
128
129

Welsh corgi (Pem-
broke)

Welsh terrier

West Highland
white terrier
Whippet
Wirehaired pointing
griffon

Yorkshire terrier
fnot AKC breeds)

. Australian shepherd
. Border collie

. Many breeds
. Crossbreeds



CHAPTER 2

Hemopoietic and Lymphatic Systems

HEMORRHAGIC (COAGULATION) DEFECTS

The precise mechanism by which blood clots is not well known.
Over thirty different substances have been suggested to be involved. Most
authors agree that there are three essential steps in blood coagulation.
The first essential step is the formation of the prothrombin activator.
This step is complex. This first step may be initiated in one of two ways.
One way, the extrinsic mechanism, initially involves an extract (throm-
boplastin) from the damaged tissue. The other way, the intrinsic
mechanism, involves an important substance released from the platelets
(platelet factor III). Both mechanisms involve a series of special protein
factors (extrinsic: factors VII, V, and X; intrinsic: factors VII, IX, XI,
XII, V, and X) found in blood plasma. For normal clotting these factors
must be present in proper sequence for the stepwise, progressive forma-
tion of the prothrombin activator. If all clotting factors are present (the
protein; plus calcium, thromboplastin, platelet factor III, etc.), the end
result is the production of the extrinsic prothrombin activator or the in-
trinsic prothrombin activator or both, depending on which pathway was
followed. The second essential step is that the prothrombin activator
catalyzes the conversion of prothrombin into thrombin. The third step is
that thrombin acts as an enzyme to convert fibrinogen into fibrin threads
that trap the red blood cells and plasma to form the clot.

Hemophilia A (Factor VIII Deficiency)

The most common form of hemophilia found in the dog is hemo-
philia A, which is the result of a deficiency of factor VIII. This condition
occurs in many breeds including the Irish setter, English setter,

39
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Labrador, German shepherd, beagle, Wf:'imaraner, Chihuahua, collie,
vizsla, Siberian husky, greyhound, Samoyed, Shetland sheepdog, French
bulldog, and some crossbreeds. Hemophilia A may be observed in pups
at birth, expressed as persistent bleeding from the umbilical cord, which
may require ligation to prevent fatal hemorrhage. Normally the
hemophilic condition is first observed when the puppies are 6 weeks to 3
months of age. Affected dogs often develop unilateral or bilateral (one
or both sides) joint enlargement, due to periarticular (around the joint)
hemorrhage and hemarthrosis (hemorrhage into a joint). Hemarthrosis is
painful and causes lameness. It is more severe in larger dogs, since the
extra weight on the joints predisposes them to spontaneous hemarthrosis.
Limbs may or may not be swollen. Bleeding may occur in the
gastrointestinal tract or other tissues. Gastrointestinal bleeding could
result in a discoloration of the stool. Subsequent development of lumps,
which are actually hematomata (accumulation of blood), occurs through-
out the body. Anorexia (loss of appetite) is a common characteristic of
hemophilic dogs.

PATHOPHYSIOLOGY. Canine hemophilia A results from a deficiency of fac-
tor VIII. Therefore, the dogs have a markedly defective intrinsic clotting
mechanism. Factor VIII is required as a cofactor, along with other fac-
tors, in the presence of platelet factor 3 and calcium to activate factor X
and form the intrinsic prothrombin activator. Studies in dogs show that
in hemophilia the primary platelet plug contains more vascular channels
than normal and there is less fibrin in contact with collagen at the edge
of the wound. The plugs are easily dislodged with subsequent rebleeding,
and secondary plugs form with difficulty, there being little fibrin
deposited.

Affected animals have markedly defective intrinsic clotting (long
whole blood clotting, plasma recalcification, and partial thromboplastin
times; very short prothrombin consumption or plasma clotting times).
The extrinsic clotting (prothrombin and Russell’s viper venom times) and
platelet function are normal. It has been found that the factor VIII level
in a dog with severe bleeding is less than 1% of that in the normal dog,
1%-5% in moderately affected animals, and 5%-20% in those with mild
bleeding problems. The factor VIII level in carriers is usually about
40%-60% of normal. Hemophiliac and carrier bitches have normal to in-
creased levels of factor VIlI-related antigen, in contrast to their de-
creased factor VIII activities.

INHERITANCE AND RECOMMENDATION. Hemophilia A is inherited as a sex-
linked recessive, with the gene for the defect carried on the nonhomol-
ogous portion of the X chromosome. Because the gene is located on the
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X chromosome, one would most frequently observe the hemophilic con-
dition in the male, but one should be aware that with certain matings it
will also appear in the female.

Dogs showing hemophilia should not be used for breeding. Males
present no problem since males that do not show the hemophilic trait are
normal and do not transmit hemophilia to their offspring. Males having
the disease would transmit it to their daughters. Since the gene is carried
on the X chromosome, there are no carrier males. The female, on the
other hand, could appear normal but be a carrier for hemophilia.
Hemophilic females that have the disease would be obvious. A breeding
test could be conducted to prove the bitch normal or a carrier. A bitch
could be bred to an affected or nonaffected male. At least five male pups
free from hemophilia would be required to establish a 95% degree of
confidence that the female in question was not a carrier. Blood tests
could also be run on the bitches to detect the carriers.

Hemophilia B (Factor IX Deficiency)

Hemophilia B is a factor IX deficiency that has been reported in
cairn terriers, Saint Bernards, French bulldogs, cocker spaniels, and
black-and-tan coonhounds. The hemorrhagic conditions observed with
hemophilia B are similar to those observed with hemophilia A. Hemor-
rhagic conditions are often less pronounced in B than in A, but B may
also be severe. Like hemophilia A the size of the dog has an influence on
the expression of the condition, and bleeding is usually more severe in
larger breeds. Some have reported that in hemophilia B, heterozygous
females have a tendency to bleed.

PATHOPHYSI0LOGY. Factor IX, like factor VIII, is involved in the forma-
tion of the intrinsic prothrombin activator. This factor (factor 1X) forms
a complex with factor X. Some have stated that the factor IX defect
arises from an abnormality of the prothrombin molecule, factor IX act-
ing as an intermediate in the autocatalytic conversion of prothrombin to
thrombin.

The hemophilia B disorder can be distinguished from that of hemo-
philia A in that B can be corrected with normal aged serum (which con-
tains IX, but not factor VIII activity), whereas A can be corrected only
with plasma.

INHERITANCE AND RECOMMENDATION. Like hemophilia A, hemophilia B is a
sex-linked recessive trait, with the gene that allows bleeding located on
the X chromosome.

See section for hemophilia A. To test for the heterozygous condi-
tion, mate females with a defective male. One defective pup proves the
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bitch heterozygous. Five nondefective male pups proves her homozygous
dominant at the 95% level.

Factor VIl Deficiency

A factor VII deficiency is found most often in the beagle but also
has been reported in the Alaskan malamute. Clinical expression of the
deficiency is usually mild, and a tendency for bleeding is usually not
observed. The animals do bruise easily, and difficulty could be en-
countered following surgery or trauma. Dogs with this defect are
reported to be very susceptible to demodectic mange due to a secondary
moist tissue environment of the skin.

PATHOPHYSIOLOGY. Thromboplastin is the tissue extract that initiates the
formation of the extrinsic prothrombin activator and interacts with
several clotting factors. Factor VII is one of these. It is involved in the
activation of factor X. In its absence the clotting defect is observed.

INHERITANCE AND RECOMMENDATION. The mode of inheritance suggested for
the factor VII deficiency is an incompletely autosomal dominant.

If the trait is dominant, or incompletely dominant, removal of the
affected animals should eliminate the trait. Also, apparently the
heterozygotes can be detected by prothrombin times so they could also be
removed from the breeding program.

Factor Xl Deficiency (PTA)

A factor XI deficiency has been found in springer spaniels and Great
Pyrenees. Minor bleeding episodes, such as hematuria (blood in urine)
and subcutaneous hematomas (bleeding under the skin) are observed.
Postsurgical bleeding (usually occurs within 24 hours) varies from severe
to lethal.

paTHOPHYSIOLOGY. Factor XI is involved in the intrinsic clot mechanism.
Dogs with the defect have less than 10% of the normal amounts of fac-
tor XI. The heterozygote has 25%-60% of the normal value.

INHERITANCE AND RECOMMENDATION. Factor XI defect is believed to be in-
herited as an incompletely autosomal dominant trait.

Procedures described to eliminate the factor VII deficiency defect
could also be followed for factor XI.

Factor X Deficiency
A factor X deficiency has been reported in the cocker spaniel. The
severity of bleeding in this breed varies. The disease is characterized by a
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high incidence of stillborn pups, and bleeding problems in the neonate
can be severe to lethal. There may be bleeding from the umbilicus,
mouth, and rectum; bruising of the skin; and massive intra-abdominal or
intrathoracic bleeding. Pups may live up to 2 weeks of age and then fade
or die suddenly. In mature dogs it is a clinically mild disease.

PATHOPHYSI0LOGY. Factor X, along with factor V, is involved in both the
intrinsic and extrinsic systems. Factors X, V, and PF-3 (platelets) are
concerned with the final step in prothrombin activator formation. Mild
to moderate defects are observed in both extrinsic clotting (prothrombin
and Russell’s viper venom times) and intrinsic clotting (partial throm-
boplastin time), but platelet function and bleeding time are normal. Fac-
tor X activity varies from 18% to 65% of normal.

INHERITANCE, The trait is inherited as an incompletely autosomal domi-
nant trait and may be lethal in the homozygous state. Tests suggest that
affected animals surviving to maturity may be heterozygotes.

Von Willebrand’s Disease (VWD)

A condition similar to Von Willebrand’s disease in humans has been
found for the most part in the German shepherd, golden retriever,
miniature schnauzer, Doberman pinscher, and Scottish terrier.

Affected dogs exhibit mild to severe bleeding diathesis (tendency to
leak blood from wvessels), recurrent shifting lameness with radiographic
changes similar to eosinophilic panosteitis, hematuria, recurrent diarrhea
(usually stress induced) and melena (dark stools), chronic
serosanguineous otitis externa (serum and blood from the ear), prolonged
estrual and postpartum bleeding, and subcutaneous hematomas. Pups
may be stillborn or fade early in life (within several days). Affected dogs
are prone to mucous membrane bleeding. The disease becomes less severe
with increasing age and repeated pregnancies.

PATHOPHYSIOLOGY. The disease is in some ways similar to hemophilia A
since dogs with VWD also have a deficiency of factor VIII. VWD dogs
have a low platelet retention (adhesiveness) and prolonged bleeding time.
Intrinsic clotting times are abnormal but not to the extent observed in
hemophilia A. Platelet aggregation and clot retraction are normal.
Distinction between hemophilia A and VWD can be made. With VWD
one observes reduced levels of both factor VII procoagulant activity and
factor VIII-related antigen. In hemophilia A one finds a low factor VIII
activity but normal or increased levels of factor VIII-related antigen.

INHERITANCE AND RECOMMENDATION. Incomplete autosomal dominant in-



44 Il « THE DOG » Defects with Probable Genetic Base

heritance with variable expression is suggested for VWD. The
heterozygous state may be clinically expressed as a more mild to
moderate bleeding tendency.

Select against the trait as described above in hemophilia for domi-
nant (by eliminating all affected animals) or incompletely dominant (by
testing suspected animals) where possible to determine if they are
heterozygous.

Fibrinogen Deficiency (Afibrinogenemia, Hypofibrinogenemia)
(Fibrinogen Reduced or Absent)

Congenital deficiencies of fibrinogen (factor I) have been reported in
dogs (collies and Saint Bernards). The dogs have a low level of plasma
fibrinogen.

Affected individuals manifest a severe bleeding tendency and most
do not survive beyond the neonatal stage. The most commonly observed
problems are umbilical bleeding, recurrent hemarthrosis, and bleeding
into the mucous membranes and subcutaneous tissues. The heterozygous
state is usually revealed by subnormal fibrinogen levels.

PATHOPHYSIOLOGY. Fibrinogen is needed in the final stage of blood clot-
ting. Fibrinogen is converted by thrombin to fibrin, which is essential for
clot formation.

Bioassays for thrombin-responsive proteins are abnormal. Erythro-
cyte sedimentation and plasma viscosity are reduced as they depend on
plasma fibrinogen concentration.

INHERITANCE AND RECOMMENDATION. Hypofibrinogenemia appears to be in-
herited as an incomplete dominant.

Select against this trait, as previously described for incompletely
dominant genes.

Platelet Function Defects (Thrombopathia, Thrombasthenia)

Inherited defects of platelet function have been reported in the otter
hound, foxhound, basset, and Scottish terrier. Each platelet defect has its
own special characteristics. In the otter hound the defect appears to be a
combination of thrombasthenic (functional deficiency) and throm-
bopathic (disturbance of platelet forming function) defects. In the basset
it is thrombopathia. Mild to severe bleeding occurs in the homozygote
with clinical signs mild or lacking in the heterozygote. The most common
signs are hemarthrosis, bleeding from surface abrasions, and epithelial
membrane bleeding (melena, gingival bleeding, hematuria, prolonged
estrual discharge).
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PATHOPHYSIOLOGY. Many of the tests of platelet function are abnormal.
One observes prolonged bleeding times, normal or slightly reduced
platelet counts, reduced platelet retention (adhesiveness), variable defects
of aggregation, clot retraction, whole blood clotting time, prothrombin
consumption time, and Russell's viper venom time. The latter abnor-
mality, if present, results from a defect in platelet phospholipid activity.

INHERITANCE AND RECOMMENDATION. These defects appear to result from an
incompletely autosomal dominant gene action.

Eliminate the gene from the kennel as described above for the type
of gene action.
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CANINE CYCLIC NEUTROPENIA

The gray collie syndrome (canine cyclic neutropenia) is a cyclic
neutropenia in collie dogs associated with a specific dilution of hair
color. Affected pups may be recognized at birth due to color; they are
lethargic and may not suckle properly. Abscesses in the umbilical area
may form and spread to other areas. The pups seldom live more than a
few days, but on occasion they will survive 3-4 months and, with careful
treatment, some may live 1 or 2 years.

The cyclic depression of circulating neutrophils occurs in affected
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collies every 10-11 days and lasts approximately 3 days. Cycles may
begin as early as 1 week of age. Pups that survive at birth may do well
for a short period (6 weeks) due to the presence of other immune
mechanisms. Following the neutropenic phases one may observe episodes
of fever, diarrhea, gingivitis, respiratory infection, lymphadenitis, and
lameness due to bone necrosis. Dogs living past 4 months of age usually
show amyloid deposition in the visceral organs and lymphoid tissue.
Growth and sexual development are retarded. During the neutropenic
episodes the dogs are susceptible to a wide range of bacterial and fungal
infections. Clinical signs of infection usually subside 1-3 days following
neutrophil repopulation. Even with clinical treatment dogs eventually
develop lymphoid exhaustion, reticuloendothelial hyperplasia with
monocytosis, anemia, and amyloidosis. Death usually results from sec-
ondary infections.

Pathophysiology

Cyclic neutropenia is a periodic, regularly recurring failure of cell
maturation or an abnormality in the production of neutrophils in the
bone marrow, apparently due to a defect in bone marrow cell differentia-
tion or proliferation. A bone marrow hemopoietic defect, it occurs at a
very early point in maturation, possibly at the level of differentiation
from the stem cell (pluripotential stem cell with alternating competitive
pressure). It is reflected as a complete suppression of the neutrophilic
series from the myeloblast to the mature neutrophils or it indicates a lack
of amplification in the myelocyte compartment. The production of both
red and white blood cells (monocyte, lymphocyte, eosinophil, platelet,
reticulocyte) is interrupted but, due to the comparatively long life of the
red blood cell, this interruption is not as readily observed. The canine
neutrophil has an average life span of 10 hours, so that when neutrophil
production ceases, a rapid depletion is observed in the bone marrow
reserve of segmented neutrophils followed by neutropenia.

Bone marrow recovery begins at a primitive stage with maturation
proceeding in wavelike fashion through the neutrophil series. Large im-
mature lymphocytes with intense basophilic cytoplasm are frequently
observed during the neutropenic episodes and during the first few days
after the return of the neutrophils to the peripheral blood. Monocytosis
has been observed during the later portion of the neutropenic episode
and for several days following. The bone marrow is hyperplastic and
filled with megakaryocytes and myeloid cells in varying stages of ma-
turity. Immature neutrophils predominate during the neutrophilic re-
bound phases.

Hemorrhage in and necrosis of the epiphyses of long bones are
responsible for progressive lameness. Foci of necrosis are scattered
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throughout the bone marrow but are most common in the metaphysis
and epiphyseal junction.

In the lymphoid system, the degree of lymphoid exhaustion and
reticuloendothelial hyperplasia is directly related to length and severity of
the disease. In lymph nodes of dogs surviving to adulthood, lymphocytes
are depleted in paracortical areas and germinal centers are not seen.

Gray collies commonly are afflicted with ophthalmic lesions, and
they have both microphthalmia and fundal ectasia. The latter is a hernia-
tion of the retinal and uveal layers of the eye through the sclera near the
optic nerve. It appears through an ophthalmoscope as an elevation of the
optic disc.

Amyloidosis occurs in dogs that have survived multiple episodes,
preceded by increased levels and heterogeneity of serum globulins, par-
ticularly 2 globulin. All gonads are immature, the testes contain only
spermatogonia, primary spermatocytes, and giant cells. Spermatids and
mature sperm are absent. Ovaries contain primordial follicles with no
evidence of mature or atretic follicles, corpora lutea, or corpora albicans.

The basis for the malabsorption part of the syndrome remains
vague. In some dogs villi are short and crypts are elongated. The lamina
propria is thickened and contains mononuclear inflammatory cells and
neutrophils. Animals surviving to adulthood develop lymphoid exhaus-
tion and reticuloendothelial hyperplasia. Monocytosis, anemia, and
amyloidosis are seen in chronic cyclic neutropenia.

Inheritance

The gray collie syndrome is an inherited- disease resulting from a
simple autosomal recessive lethal gene. This disease has been observed
only in collies. The gray color ranges from dark pewter gray to silver,
dependent somewhat on the genotype of the parent stock. Pups with a
genotype for sable tend to be light silver gray to dilute beige, while those
of the tricolor genotype are deeper gray. A wavy coat of finer texture
hair has been reported for affected pups.

It has not been determined if the phenotypically expressed dilute
coat color and the blood abnormalities result from the same defective
gene or if two linked genes are involved.

Gray color has been reported in the normal collie and is different
from that observed in the gray collie syndrome. Both a recessive and a
dominant type of gray color different from that observed in the gray col-
lie syndrome have been reported.

Recommendation
Since the gray collie syndrome is the result of a recessive gene,
elimination of affected dogs from the breeding program is not sufficient.
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Selection against this gene requires the identification of the heterozygote
that should not be included in future breeding programs. If the animal is
of such value that the owner feels compelled to breed it, the conse-
quences of such action need be understood, and all offspring tested.

A number of breeding tests may be used to identify carrier dogs.
Since the gene is lethal, and the affected or homozygous recessive
animals usually do not reach breeding age or attain puberty, these
animals cannot be used for testing. This requires the use of the known
carrier animals.

Since dogs have multiple births, one or two litters may be sufficient
to test an individual.

Eleven normal offspring from a dog bred to known carriers of the
recessive gene should give some assurance (95% of the time) that the dog
being tested is free from the gene for gray collie syndrome. Sixteen nor-
mal offspring from a parent mated with known carriers suggest that 99%
of the time the tested animal will not be a carrier. For the male, 24 nor-
mal and no defective pups from his own daughters would indicate an
unaffected male.
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Congenital Hemolytic Anemia (Baseniji)

Congenital hemolytic anemia is a familial chronic nonspherocytic
hemolytic anemia that occurs in the basenji dog and has been reported in
the beagle. Apparently this condition results from a deficiency of the en-
zyme pyruvate kinase, an enzyme involved in anaerobic glycolysis within
the erythrocyte. The deficiency is inherited as an autosomal recessive.
The anemia is severe, unremitting, and progressive. The condition is
usually observed before the dog is 1 year of age, and without treatment,
death usually occurs before the dog reaches 3 years of age. Clinical signs
are varied. Usually dogs appear normal in general appearance, body
weight, and growth rate. Affected dogs may have decreased activity and
may be less tolerant to exercise. Pale mucous membranes and
splenomegaly (enlargement of spleen) are present. Hematologic findings
include lowered packed cell volume, marked reticulocytosis, increased
erythrocyte fragility, shortened red blood cell (RBC) life span and bone
marrow erythroid hyperplasia. The Coomb’s test for autoimmune
hemolytic anemia is negative. Spherocytes (small spherical red blood
cells) are not present.

Pathophysiology

Since mature erythrocytes have no citric acid cycle, energy for
erythrocyte metabolism must be obtained by anaerobic glycolysis. The
abnormality (anemia) apparently is the result of a deficiency of pyruvate
kinase (PK) in the erythrocyte. Pyruvate kinase is required as a catalyst
for the conversion of phosphoenolpyruvate to pyruvate. When this reac-
tion becomes significantly rate limiting, the conversion of glucose to lac-
tate is impaired, and there is an increase in glycolytic intermediates and
an eventual adenosine triphosphate (ATP) deficiency. The ATP produced
is not sufficient for red cell survival, hence, a premature senescence of
the erythrocytes results. The hemograms are not compatible with the
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hematologic features of chronic blood loss anemia (iron deficiency), 1.e.,
microcytosis, hypochromasia, and minimal bone marrow response. The
macrocytosis, hypochromasia, reticulocytosis, and large number of
nucleated erythrocytes in the peripheral blood indicate a very active
erythroid regeneration. Bone marrow aspirations from all affected dogs
substantiate the observation on peripheral blood. Bone marrow samples
have low myeloid:erythroid ratios due to erythroid hyperplasia. Ab-
normal cells are not found in aspirated samples and erythroid maturation
i1s normal. Osmotic fragility might appear normal on fresh blood samples
but RBC fragility and autohemolysis increase following incubation. Some
4%-11% of RBC from PK-deficient basenji appeared as spheres. The
spicules are smooth, blunt projections located equidistant from each
other, with variable height (spheroechinocytes). The other RBC from
basenji with PK deficiency anemia were similar to those from reticulo-
cyte-rich blood of anemic dogs without PK deficiency.

Postmortem changes observed include splenomegaly and a slightly
enlarged liver that is mahogany in color with grayish yellow foci. Some
enlargement of lymph nodes is observed. Histologically, the spleen and
some lymph nodes are highly cellular due to lymphoid hyperplasia and
extramedullary hematopoiesis. Hemosiderin is found in many locations
within the spleen. The liver has numerous infiltrating or proliferating
exogenous cells, primarily in the portal regions, sinusoids, and the cen-
trilobular area. These cells are mostly undifferentiated mononuclear cells,
but other types may be seen. Kupffer cell (hepatic sinusoidal lining cells)
hyperplasia and interlobular fibroplasia are seen. Hemosiderin is abundant
in macrophages and sinusoidal endothelium. Lymphofollicular hyperplasia
is a characteristic in all systemic nodes. The marrow spaces of the principal
long bones are full of highly cellular red tissue, which indicates intense
erythropoietic and granulopoietic activity.

Inheritance

Indications are that the hemolytic anemia syndrome is inherited
clinically as a simple recessive. Apparently this condition is not related to
sex and is not linked with coat color. However, since blood tests will allow
the detection of carriers, because the heterozygote (carrier) has a
measureable deficiency of PK, but still shows a phenotypically normal
hemogram which indicates that one defective gene has a dosage effect
(lowers the PK), some authors refer to the enzyme defect as codominant
and the anemic condition as recessive.

Recommendation

Unless breeders are able to obtain an accurate PK deficiency test, they
must rely on a breeding test to detect the carrier gene. PK deficiency tests
are available. If sufficient normal carrier and anemic dogs are used to
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establish ranges, and if these tests are conducted by experienced individuals,
it may be possible to determine the genotype. However, if this condition
truly results from a completely recessive gene, the phenotypic expression of
the homozygous normal and heterozygote carrier should be comparable.

A recessive individual as well as known carriers could be used for a
breeding test. Five normal pups sired by or born to an individual dog when
mated to known anemic dogs would be strong evidence that the animal was
not a carrier of the gene. Eleven pups would be required for determining the
carrier of the gene when mating the unknown (animal being tested) to
known carriers.
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Congenital Hemolytic Anemia (Alaskan Malamute)

An inherited macrocytic hemolytic anemia (and chondrodysplasia) is
found in the Alaskan malamute. The anemia and short-limbed dwarfism
are inherited as a pleitropic effect of a single gene. The chondrodysplasia
is characterized by impaired growth of the bones in which one observes a
delayed endochondral ossification. There is a gross thickening of the
growth plate without loss of regular columns of cartilage cells but with
apparent impairment of conversion of cartilage to bone.

Pathophysiology

The anemia is characterized by stomatocytosis, erythrocyte macrocy-
tosis, low mean corpuscular hemoglobin concentration, increased osmotic
fragility, shorter RBC life, reticulocytosis, erythroid hyperplasia and in-
creased Fe turnover, mild anemia, and splenomegaly. No evidence of an
effect on the white blood cell or platelet has been detected. Red cell sur-
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vival is decreased in affected dogs. The anemia is characterized by
stomatocytosis and increased red blood cell size (elevated mean cor-
puscular volume, decreased mean hemoglobin concentration, ac-
companied by normal absolute amount of red cell hemoglobin). Serum
iron (abnormal hematocrit-hemoglobin ratio), B,,, and folate levels are
normal. The red cell sodium is increased in affected dogs while the per-
cent of solids is decreased. Studies indicate an increased transfer of
sodium across the erythrocyte membrane, suggesting that the hemolytic
disease is due to a defective (leaky) membrane or a defective ion
transport mechanism that does not involve the cation-stimulated ATPase-
mediated pump. The leaky membrane would result in the canine red cell
Na pump attempting to compensate for the defect. The defect is intrinsic
to the red cell and not to the reticuloendothelial system. The defective
cells have a decreased life span.

From the skeletal standpoint, prominent features include marked
widening of the zone of cartilage transformation; erythroid hyperplasia
of the bone marrow; and abundant deposition of iron in kidney, spleen,
and liver. Embden-Meyerhof enzyme deficiencies have not been ob-
served.

Inheritance and Recommendation

Clinically the defect is expressed as an autosomal recessive. Certain
hematologic parameters show that the heterozygote can be detected, so
from this standpoint the condition appears to be incompletely dominant.
RBC survival is normal in the heterozygote, and chondrodysplasia is not
present. Red cell sodium concentration and water content are increased
in anemic dogs and to a lesser extent in carriers.

Remove affected animals from the kennel. Test mate or have blood
studies conducted to determine carriers.
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CONGENITAL HEREDITARY LYMPHOEDEMA

An inherited congenital lymphoedema has been traced to one
poodle-labrador retriever cross. Clinically, one observes swollen (non-
painful) extremities and occasionally edema of the head, trunk, tail, etc.
Edema usually is bilateral but not necessarily symmetrical. Edema usually
decreases with age. Pups with an extreme case of lymphoedema may die
during the neonatal period, with death resulting from secondary causes
such as inability to nurse. Edema usually decreases with age.

Pathophysiology

This condition results from an abnormal development of the
peripheral lymphatic system, including certain regional lymph nodes.
There is an apparent failure of the central and peripheral lymphatic
vessels to make an adequate connection, which results in improper lym-
phatic drainage. Absence of or hypoplasia of certain lymph nodes
(popliteal, axillary), accompanied by dilation of the lymphatic vessels, is
often observed.

Inheritance and Recommendation

This condition results from an autosomal dominant gene, with
variable expressivity.

Since this condition results from a dominant gene and animals with
the condition can be detected early, the trait may be eliminated simply by
removing affected animals from a breeding program.
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CHAPTER 3

Cardiovascular System

At least twenty-two different congenital defects of the cardiovascular
system have been reported for the dog. The incidence of any one of these
may be low, but when combined these congenital defects may approach
10% of the observed heart diseases. In one report the rate of congenital
heart disease in dogs presented to a university clinic was 6.8 per 1,000 while
in another report the figure was approximately 47 per 1,000 dogs observed.
It should be pointed out that these percentages might be somewhat inac-
curate, since many pups affected may die before examination. Frequently,
certain defects appear in combination with others. The congenital lesions
most commonly reported in the literature and the percentage of each in
three literature reviews and surveys are as follows: patent ductus arteriosus,
13.0%-31.0%; pulmonic stenosis, 8.3%-17.6%; aortic stenosis, 3.0%-
5.1%.

These above-listed defects account for approximately 70% of all con-
genital heart defects.

The facts that congenital defects are three times more common in the
purebred dog (8.9/1,000) than in dogs of mixed breeding (2.6/1,000) and
that these defects occur more frequently in certain breeds are suggestive of a
genetic predisposition. However, one must consider the percentages of
purebred dogs versus mixed dogs presented.

PATENT DUCTUS ARTERIOSUS (PDA)

Prior to birth, the vast majority of an animal’s blood bypasses the
lungs and flows from the right ventricle and pulmonary trunk through the
ductus arteriosus, a short vascular connection, to the aortic arch and thus to
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systemic circulation. At birth, or very soon thereafter (24 hours), the ductus
arteriosus functionally closes. Closure occurs in two phases. The first
phase, a functional closure only, is initiated by a change in oxygen tension.
The second phase, complete anatomical closure, occurs over a period of
time. If functional closure does not occur, and the ductus remains open or
patent after the first few hours or days following birth, it is considered to be
an anomaly and is called a patent ductus arteriosus (PDA).

Two clinically recognizable types of PDA may be observed: one, a
PDA with a left to right shunt, and the other, PDA with a right to left shunt
and severe pulmonary hypertension. With a left to right shunt, the pup ap-
pears normal at first, will have normal heart sounds, and will make normal
increases in weight. Then, between the 2nd and 14th days of life, a systolic
or transystolic murmur may be detected. By the 2nd or 3rd week the mur-
mur becomes continuous, increases in loudness, and may be accompanied
by a palpable precordial thrill (a turbulence within the vessel). Left heart
failure occurs in a large proportion of the affected pups between the 2nd
and 5th weeks. Rapid labored breathing, weight loss, and pulmonary rales
are evident. If the pup survives this period, it will usually reach adulthood.
Long-term survival is not expected. The dog may exhibit fatigue and show a
lack of stamina, dyspnea (difficulty in breathing), hind limb weakness,
weight loss, abdominal swelling, coughing after exercise, and occasional
fainting.

Less frequently observed are the cases of PDA with a right to left shunt
and pulmonary hypertension. Here, pulmonary arterial pressure in the
pulmonary trunk is equal to or greater than that of the aorta. The result is
cardiac overloading and right ventricular hypertrophy. Caudal (back por-
tion of body) cyanosis (poor oxygenation of tissues) may be observed.

A murmur may be heard early in life but usually disappears. The sec-
ond heart sound becomes accentuated and split. If not detected when the
dog is a pup, visible signs of the defect may not appear until later in life
when noticeable signs such as weakness of the rear legs following exercise is
exhibited.

Pathophysiology

Research indicates that in the PDA pup the abnormality concerns the
vessel wall structure and the ability of the ductus to undergo functional
closure. Apparently there is a deficiency and/or abnormal distribution of
the smooth muscle in the ductus arteriosus. PDA pups also have a decreased
rate of ductus arteriosus degeneration and an increased amount of elastic
tissue with asymmetrical distribution of both muscle and elastic tissue
elements. Histologically, the affected segment resembles that of the non-
contractile portion of the aorta. Variation in the expression of the trait
probably results from the variation in the quantity of affected tissue.
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Inheritance and Recommendation

A predisposition to PDA has been suggested for the toy and miniature
poodles, the Pomeranian, collie, cocker spaniel, and Shetland sheepdog.
The condition does occur, of course, in other breeds. Some evidence in-
dicates a greater frequency in the female. Recent studies and the variation
of the expression of PDA indicate a polygenic (multiple or additive) type of
inheritance, a threshold trait of very high heritability. It appears that a dog
with intermediate expression of the trait mentioned above transmits it to the
same extent as one with a greater phenotypic expression of the trait. That is,
the genes involved act additively to produce increasing liability to defective
development, with discrete anatomic defects occurring at critical thresholds
on the underlying scale. The larger the ‘‘dose’’ of gene, the more severe the
defect.

One should not use affected dogs or dogs closely related to affected
dogs for breeding.

PULMONIC STENOSIS

Pulmonic stenosis is a narrowing or obstructing of the opening between
the right ventricle and pulmonary trunk. Often the obstruction is due to the
fusion of the valve cusps (leaves), which results in an opening of reduced
size, but the condition may also result from the formation of a fibrous ring
immediately below the valve or a muscular narrowing of the ventricular
outflow.

Many of the dogs with this condition do not show any noticeable
clinical symptoms but upon examination reveal a characteristic systolic
murmur. In pups with a severe condition and in some adults, dyspnea, tir-
ing during exercise, fainting, and right heart failure are observed. Venous
congestion and ascites (fluid accumulation in abdomen) may also be ob-
served. Affected dogs usually do not live past 3 years of age.

The defect is reported to occur most frequently in the English bulldog,
Chihuahua, fox terrier, Samoyed, beagle, and schnauzer.

Pathophysiology

This defect may often be present with other defects. Four types are
reported: (1) subvalvular (the most common), a fibrous band just below the
valve, (2) valvular obstruction at the valve proper, (3) supravalvular
obstruction (very rare) in the pulmonary trunk, and (4) infundibular or
muscular stenosis in the right ventricular outflow tract.

Inheritance and Recommendation
Studies as to the inheritance of pulmonic stenosis have not been exten-
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sive. Reports from those most knowledgeable indicate this condition is in-
herited in a similar manner to PDA (polygenic, threshold trait).
The recommendation is the same as for PDA.

AORTIC STENOSIS

Aortic stenosis is a narrowing or a constriction in the left ventricular
outflow channel at the aortic valve region.

Aortic stenosis is most frequently observed in the German shepherd
and boxer but has been found in other breeds such as the English bulldog,
fox terrier, Newfoundland, and springer spaniel. Pups may appear to be of
normal health. In the more severe cases, coughing and dyspnea may be
observed (left heart involvement). Limb edema and ascites (right heart
problem) may be noticed in advanced cases. Syncope (fainting) and death
may occur.

Pathophysiology

Three distinct types of aortic stenosis are mentioned in the literature.
The most common of the three is subvalvular (subaortic) in which there is a
fibrous ring (of various degrees) located in the left ventricular outflow tract
below the aortic valve. The other two types—valvular aortic stenosis and
the supravalvular type—are rare. The fibrous connective tissue reduces
blood flow from the left ventricle to the aorta. This results in a turbulent
blood flow and a systolic murmur. An enlargement of the left ventricle
results.

Also noted are extensive lesions of the intramural branches of the cor-
onary arteries and focal infarction (clots) and fibrosis of the left ventricular
myocardium,

Inheritance and Recommendation
The genetic pattern is believed to be similar to that outlined for PDA.
Likewise similar recommendations for eliminating the gene are in order.

ATRIAL SEPTAL DEFECT

An atrial septal defect refers to an opening or hole in the atrial septum,
the tissue that divides the left and right atria. More often than not the defect
will be associated with some other form of heart defect. The defect may be
one of three types, two of which are true interatrial defects. One, an ostium
primum defect, occurs when the defect is in the lower portion of the septum
and no tissue is found between the defect and the atrioventricular valve.
This condition is much less frequent than the second type, ostium se-
cundum, with the defect in the upper to the middle portion; the third type
would be a patent foramen ovale (persistent opening or failure of normal
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closure). Clinical signs include dyspnea, fatigue, weakness. Ascites may be
present if the dog is in right-sided heart failure. An ejection murmur may be
heard. Split heart sounds may be heard and auscultation of the lungs may
reveal rales.

The condition frequently occurs in the boxer.

Physiopathology

The above defect causes the shunting of the blood from the left atrium
to the right side or right atrium. This, of course, causes an increased volume
of blood in the right atrium, resulting in an overload on the right side and in
the lungs. The right atrium and right ventricle and the left atrium may
enlarge, and pulmonary congestion may occur. If for some reason the blood
pressure causes a right to left shunt, cyanosis may be observed.

An observed murmur may result from the other accompanying heart
defects.

Inheritance and Recommendation
Limited findings suggest the same type of inheritance for atrial septal
defect as for PDA and the same suggestion for eliminating the trait.

VENTRICULAR SEPTAL DEFECT

Ventricular septal defect is an opening between the ventricles, most fre-
quently located near the lower portion of the septum.

If the opening in the septum is small, no symptoms may be observed.
In any case the pup may not initially exhibit any symptoms. Occasional con-
gestive heart failure is noted. Other signs may be fatigue, venous distention,
and ascites. The Siberian husky appears to have a predisposition for this
defect.

Pathophysiology

During the contraction of the heart, the higher pressure in the left heart
shunts the blood from the left ventricle to the right ventricle. In so doing, a
turbulent blood flow and a resultant systolic murmur are created. The
blood volume overload on the right ventricle causes it to enlarge. If the left-
right blood shunt is sufficient, pulmonary hypertension develops. It is
possible the right ventricular pressure may increase until it equals that on
the left side. This could cause the venous blood to be shunted into the
systemic circulation, resulting in cyanosis.

Inheritance and Recommendation

Detailed genetic studies of ventricular septal defect are not available,
Indications at present are that the mode of inheritance and the recommen-
dations suggested for PDA, etc., are acceptable.
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TETRALOGY OF FALLOT

Tetralogy of Fallot is a complex heart malformation found frequently
in the keeshond.

This complex is composed of a high ventriclular septal defect, varying
degrees of aortic overriding, and pulmonary stenosis. The fourth common
feature of the complex is right ventricular hypertrophy, which occurs as a
secondary defect.

This condition can often be detected as early as weaning age. A fre-
quent sign would be the cyanotic pup, as well as stunting and shortness of
breath. Signs may increase with age.

Pathophysiology

Various degrees of severity will be noted. In cases where pulmonic
stenosis is moderate to severe, the right ventricular contraction pressure ap-
proaches or suppresses that of the left ventricle. A proportion of the right
ventricle outflow then passes directly to the aorta without being ox-
yvgenated. This results in cyanosis. If the pulmonic stenosis is mild and the
ventricular septal defect is small, the above pressure changes do not occur
and one observes a left to right shunt. An affected dog would not be

cyanotic.

Inheritance and Recommendation

The suggested mode of inheritance for tetralogy of Fallot is complex;
and a single gene with modifiers has been suggested by some while others
suggest a polygenic (additive) trait as for PDA.

Recommended genetic correction would be as outlined for other heart
defects.

PERSISTENT RIGHT AORTIC ARCH

Persistent right aortic arch is a vascular ring abnormality that results in
a constriction of the esophagus and on occasion the constriction of the
trachea. This condition is due to the aorta orginating from the right fourth
aortic arch instead of the left fourth aortic arch. With the aorta going to the
right of the esophagus, the ligamentum arteriosum forms the dorsolateral
aspect on the right (or left dorsolateral), the pulmonary artery on the left,
and the base of the heart the ventral aspect of the ring, thereby encircling
the esophagus.

The defect is usually first noticed when the pup begins to eat solid
food. Soon after eating, the pup may regurgitate or vomit due to failure of
the food to pass through the esophagus. This leads to emaciation, increased
appetite, dehydration, stunted pups, and often aspiration pneumonia.
While eating, the dog may assume a posture of lowered head and straight
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neck in an attempt to straighten the esophagus and aid in swallowing. The
condition is most common in Irish setters, German shepherds, and Boston
terriers.

Pathophysiology
The defect results in the inability of the pup to properly swallow its
food.

Inheritance and Recommendation
There are no specific data for this defect. It is considered by some to be
similar to PDA.
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CHAPTER 4

Sensory Organs

EYE

Cataracts

The term cararact refers to an ocular condition, frequently observed in
dogs, which results in a partial or total opacity of the crystalline lens or its
capsule. Cataracts result from various causes, and the exact cause of a
cataract observed in an individual dog is often difficult to determine.
Cataracts may result from trauma, nutritional deficiencies, diabetes
mellitus, etc., or may be congenital. Congenital cataracts may or may not
be inherited. Cataracts may be primary or secondary. Primary cataracts are
the type observed when no other ocular abnormality is present. Secondary
cataracts are those that are associated with or accompany another eye
disorder, such as generalized progressive retinal atrophy. This type of
secondary cataract is frequently found in miniature and toy poodles and
English cocker spaniels. Secondary cataracts occur in some cases of retinal
dysplasia (abnormal retinal formation) described in Sealyhams, Bedling-
tons, and Labrador retrievers. Persistent pupillary membrane in the basenji
may be associated with nonprogressive cataracts. Dislocation of the lens is
hereditary in fox terriers, Sealyham terriers, and Jack Russell terriers, and
hereditary cataracts apparently have two different genetic forms. One is
reported due to a dominant gene, perhaps with incomplete penetrance in
some strains or breeds. Affected dogs usually show defective vision between
1 and 3 years of age. Breeds in which cataracts have been reported sug-
gestive of a dominant type of inheritance include golden retrievers,
Labrador retrievers, pointers, German shepherds, and beagles. The second
form and the most frequent type in dogs apparently results from a simple
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Optic nerve

Fig. 4.1. Diagram of the eve. Light energy transmitted through
the pupil is deflected by the lens and the energy cast on the retina.
This energy excites receptor cells in the retina and the impulse is
transmitted to the brain for interpretation.

autosomal recessive, This type usually occurs at a younger age than does the
dominant type and progresses until the dog is completely blind, usually be-
tween 2 and 3 years of age. Predisposed breeds include Boston terriers, Staf-
fordshire terriers, Old English sheepdogs, miniature schnauzers (recessive),
cocker spaniels, poodles (recessive in standard), fox terriers, and Afghans
(recessive). The incidence or frequency of occurrence of cataracts varies. It
is also possible that both types of inheritance could occur within the same
breed. In one study, 88% of the American cockers examined exhibited len-
ticular opacities of some degree, with 11% having mature to hypermature
cataracts. In one survey of 291 Afghans, only 5 had cataracts. Cataracts
were detected in 43 of 66 Old English sheepdogs presented to a specialty
practice. In one group of adult golden retrievers prevalence of cataracts was
13.9%.

PATHOPHYSIOLOGY. The cataract due to a dominant gene is a posterior polar
cataract appearing as an inverted Y or triangle, or irregular circle of opaci-
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ty, at the pole, and not associated with the hyaloid artery. These cataracts
show little tendency to progress until senile changes occur. Other types in-
clude cortical, cortical and polar, and total. These are usually, but not
always, bilateral and symmetrical. Cortical cataracts progress and dogs
show defective vision at 1-3 years of age. Congenital cataracts consistently
reveal a posterior capsular deformity. In all instances the capsular defect in
this condition appeared as a homogenous (hyaline) staining material lacking
in continuity.

The recessive type cataracts are usually bilateral, symmetrical, and pro-
gressive. This type is observed earlier, first at a few months of age, and pro-
gresses until total and mature at 2-3 years of age. A cataract appears dense
with flecks in the pupillary region, often roughly in the form of the suture
lines. Cortical and peripheral opacities are also seen and the most dense part
i5 in the nuclear region of the lens.

A secondary cataract may begin as a cortical type, often posterior with
typical appearance of vacuoles (clear spaces) arranged in a wedge-shaped
area from the periphery of the lens. These are progressive and ultimately
mature to total opacity, thus not allowing examination of the retina for
presence of retinopathy (retinal disease).

Factors indicating that progressive retinal atrophy was the primary
condition included a poor pupillary light reflex; breed, age, and history of
the development of poor vision; and night blindness.

INHERITANCE AND RECOMMENDATION. Two types of inheritance have been
reported and described above, with breed and incidence reported where
known.

Dominant and recessive forms of this condition should be tested for as
described previously for this type of gene action, and positive breeding
animals should be eliminated.
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Collie Eye Anomaly

The collie eye anomaly is an inherited congenital defect, which in its ex-
treme results in blindness in the affected animal. This defect has been
widespread in the collie and occurs also in Shetland sheepdogs. The
literature suggests that at one time 80%-90% of collies were affected to
some degree. A greatly decreased prevalence has resulted from selective
breeding. This genetic defect occurs equally in both sexes and has been
reported in both smooth and rough collies, as well as in sable and white,
tricolors, whites, and blue merles. The defect is bilateral but not sym-
metrical, meaning that one eye of the affected individual may show dif-
ferent signs and degrees of the syndrome from those observed in the other
eye.

The owner of the individual animal may not be aware that the animal is
affected and may not present the animal for examination unless defective
vision or the possible sudden appearance of blood in the eye is observed.

In the past, collie eye anomaly has been known as, or referred to as,
congenital anomaly of the optic disc, congenital posterior ectasia of the
sclera, collie ectasic syndrome, and ocular fundus anomaly. Microphthal-
mus, which is often observed in the collie and Shetland sheepdog, is not nec-
essarily indicative of an affected eye.

PATHOPHYSIOLOGY. The percentage of affected dogs with defective vision is
relatively small. Complete loss of vision occurs suddenly due to retinal
detachment. One may observe intraocular hemorrhage in conjunction with
or immediately following retinal detachment. Hemorrhage may also occur
from bleeding of new vessels formed on the surface of the retina.

In one study the ocular defects observed, listed in order of frequency,
were as follows:

Grade 1. Unusual tortuosity of the retinal arteries and veins. This
condition may be present with no other obvious lesions or may be observed
in eyes showing other lesions associated with the collie eye anomaly. The
presence of these lesions alone does not necessarily condemn a dog, since
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some affected dogs have reasonably normal retinal vessels. A pale area
(chorioretinal dysplasia) of variable size may be situated temporally and
supratemporally from the optic disc.

Grade 2. Congenital and nonprogressive. This condition may be
slight or extensive. The choroidal pigment is poorly developed or may be
absent. The large choroidal vessels are visible beneath the retinal
vasculature. The sclera can usually be seen as a white background. The
defect in the fundus is in the mesodermal component of the vascular and
nonvascular tissue derived from the outer layer of the embryonic optic cup.
This has been termed hypoplasia of the choroid, tapetum, and retina and is
considered the hallmark of the abnormal collie fundus. Pits in or adjacent
to the optic nerve head (defect known as coloboma) and ectasia of the optic
disc are noted on examination with an ophthalmoscope. These pits appear
to be gray blue or red and out of focus. The disc may appear larger than
normal. Pits are usually situated at the temporal (dorsolateral) or inferior
(lower) border, and vessels may not be visible ophthalmoscopically because
they are out of focus. They are accompanied by the pale area mentioned
above and are not always bilateral.

Grade 3. Posterior scleral ectasia in the region of the optic nerve en-
trance (often with detachment of the retina), juxtapapillary or circumpapil-
lary staphyloma (protrusion). This is the most severe form of the collie eye
anomaly. This condition involves a large area of the posterior fundus in-
cluding the optic nerve head that protrudes posteriorly by 5-35 dioptres (3
dioptres = 1 mm) and appears externally as a bluish blister like protrusion
of the sclera. Often the optic disc is not visible by ophthalmoscopy. The
posterior pole is poorly pigmented and ectatic and the optic nerve may be
maldirected. Retinal blood vessels disappear over the edge of the area. This
lesion is congenital, nonprogressive, and often bilateral.

Grade 4. Retinal detachment. In the majority of cases, this occurs
only in the most severely affected animals. Detachment may be congenital
or occur shortly after birth and become expanded with time. Retinal detach-
ment need not be bilateral.

Grade 5. Hemorrhage.

INHERITANCE. Although some early reports suggested that the collie eye
anomaly had a polygenic origin, it is now generally accepted that this syn-
drome (choroidal dysplasia) results from an autosomal recessive gene with
variable expressivity. It has been suggested, but not confirmed nor widely
accepted, that one manifestation of this syndrome, staphyloma, reportedly
observed in 34% of the eyes examined in one study, is inherited in-
dependently as a dominant. Staphyloma, however, is consistently observed
in connection with chorioretinal dysplasia.

The guestion of a possibie relationship between coat color and ocular
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lesions must be considered. One must not confuse the natural appearance of
the eye of the blue merle with the collie eye lesions. Also when discussing
collie eye and coat color association one must be extremely careful to
distinguish between the gene for merling and the gray-silver color exhibited
with the gray collie syndrome. However, one cannot discount that the gene
for merling or dappling (hereditary dilution of color, extreme when
homozygous) is associated with a heterochromia of the iris in several
species. Since chorioretinal dysplasia seen in collie eyes is associated with a
lack of pigment in the choroid and retinal epithelium, one should not too
lightly exclude the possibility that the eye lesions are linked in some way
with the genes for color. It has been reported and confirmed that the
tapetum is absent or rudimentary in color-dilute dogs. The gene for merling
may be present but phenotypically masked in some coat colors.

RECOMMENDATION. Since the congenital condition can be detected at a
relatively early age in puppies (as early as 3 weeks but with accuracy by 6
weeks of age), all puppies should be examined before they are sold, and the
purchaser should be informed as to the condition of the individual dog.

All dogs that are to be considered for breeding stock should be reex-
amined at a later date.

Dogs with any degree or sign of this syndrome should not be used for
breeding. Puppies have been produced with all degrees of defects from
parent stock showing only a slight degree (Grade 1) of the syndrome.

Animals that appear normal should be tested by breeding to determine
if they are carriers (heterozygous for the condition). One affected pup con-
demns both parents as carriers.

If the owner of an affected dog feels the animal is otherwise of such
genetic worth that it must be used in his breeding program, the result of this
action should be explained, and suggestions made as to breeding programs
to follow.
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Ectropion and Entropion

Ectropion, which may be acquired or congenital, refers to an eversion
of the eyelid that results in the exposure of the conjunctival surface. Usually
only the lower eyelid is affected.
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Ectropion is common in the cocker spaniel, basset, mastiff, Great
Dane, Saint Bernard, bloodhound, bulldog, boxer, English and Irish set-
ters, and hound breeds. These are breeds with excessive skin on the lids and
excessive length of palpebral fissure (eyelid slit). This causes the relaxation
of the skin around the eyelids and the eyelids are pulled away from the
globe. This leads to excessive drying, stagnation of tears in the lower fornix
(angle between lower lid and eyeball), and in many cases eversion of the
lacrimal punctum (lacrimal duct opening) so that lacrimal drainage is af-
fected.

Infection of the conjunctiva is likely to occur, and the subsequent con-
gestion may aggravate the malpositioning of the lid margin.

Overflow of tears is likely with the production of irritation of the skin
of the lower lid.

Normal blinking is absent and this can lead to corneal problems.

Entropion is the inversion or turning inward of the eyelid. Subsequent
irritation produced by the edge of the eyelid, the hair on the eyelid, or the
eyelashes may lead to keratoconjunctivitis (inflammation of the external
surface of the eye).

This condition has been observed in some 60 breeds of dogs but is most
common in chow chows, cocker spaniels, golden retrievers, Labrador
retrievers, bloodhounds, bull mastiffs, springer spaniels, Saint Bernards,
bulldogs, Irish setters, papillons, Pomeranians, Norwegian elkhounds,
poodles, and Irish wolfhounds. This condition may occur in conjunction
with other defects. For example, in the cocker, entropion is often associated
with ectropion in another part of the same lid. In the chow, entropion is
usually associated with a small palpebral opening and a shortened lid. In the
bloodhound and bull mastiff, the condition is associated with excessive
folds of loose skin on the head.

Entropion is usually bilateral and may affect both the upper and lower
lids. The lower lids are more commeonly affected and the lateral margins are
more commonly involved than the nasal border. Clinical signs include
lacrimation (watery eyes), blepharospasm (blinking), conjunctival infec-
tion, photophobia (sensitivity to sunlight), epiphora (watery eyes due to
failure of the tear duct, almost the same as lacrimation), prolapse of the nic-
titating membrane (third eyelid), pain, inflammation, keratitis, and ulcera-
tion.

The inversion of the eyelid causes the eye lashes, periorbital hair, and
the edge of the eyelid to abrade or irritate the surface of the cornea and
bulbar conjunctiva.

There is a continuous cycle of irritation. The entropion is responsible
for the initial irritation and blepharospasm. Continued irritation initiates
spasms of the orbicularis muscle so that not only the lashes but also the
periorbital hair and tarsal plate (a fibrous plate in the eyelid) abrade. Entro-
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pion carries bacteria and dirt into the conjunctival sac. Keratitis (corneal in-
flammation) and eventual corneal ulceration and rupture may result from
this continuous cycle.

INHERITANCE AND RECOMMENDATION. Limited observations, high incidence in
certain breeds, and data based on other species suggest that entropion may
be inherited as an autosomal dominant trait with complete penetrance. The
specific mode of inheritance for ectropion is not reported in the literature.

Selection pressure against these traits should be stressed. Assuming a
dominant mode of inheritance, the elimination of animals expressing this
characteristic should reduce its incidence.

REFERENCES

Apguirre, G., Guest Editor. 1973. Vel. Clin. Morth Am.: Ophthalmol. Vol. 3, no. 3.
Philadelphia, London, Toronto: W. B. Saunders.

Burns, M., and M. M. Fraser. 1966. The Genetics of the Dog. London: Oliver & Boyd, pp.
93-94,

Carter, J. D. 1972. Combined operation for noncicatrical entropion with distichiasis. JAAHA
B:53-58.

Dreyfus, M. 1953. Ectropion and entropion in dogs. Cesk. Ofthalmol. 9:57-58.

Halliwell, W. H. 1965. Undermined skin flaps as a method of entropion correction. Vet. Med.
Small Anim. Clin. 60:915-19.

Hodgman, S. F. 1. 1963. Abnormalities and defects in pedigree dogs. 1. An investigation into
the existence of abnormalities in pedigree dogs in the Poretesh Isles. J. Small Anim. Pract.
4:447-56.

Koenig, C. W., and E. DePerro. 1970, Surgical correction of ectropion of the lower eyelid.
(Report of a new technigue.) Vet. Med. Small Anim. Clin. 65:243-46.

Menges, R. W. 1946. An operation for entropion in the dog. JAVMA 109:464-65.

Startup, F. G. 1960. Diseases of the canine eye. Vet. Rec. 72:653-60.

Wyman, M., E. F. Donovan, and R. L. Rudy. 1970. Surgical correction of cicatrical ectropion
in the dog. Southwest Yer. 23:229-33,

Everted Membrana Nictitans (Third Eyelid)

An everted membrana nictitans refers to a condition that has been
reported in certain large and medium-sized dogs such as the Great Dane,
Weimaraner, Saint Bernard, Newfoundland, German shepherd, and Ger-
man shorthaired pointer. The defect has been characterized by a unilateral
or bilateral scroll-like curling forward of the cartilage of the membrane nic-
titans. Signs attributable to the anomaly are usually minimal and limited to
epiphora (watery eyes) or a mucoid discharge.

paTHOPHYSIOLOGY. Histologic studies of the cartilage involved indicate nor-
mal cartilage.

INHERITANCE AND RECOMMENDATION. The mode of inheritance suggested for
this defect based on limited data is a simple recessive.
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Select against this defect as for any recessive until further evidence that
a different type of gene action is involved.
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Glaucoma

Glaucoma refers to a group of ocular disorders that result in an in-
crease in intraocular pressure. This increased pressure leads to structural
damage and impairment of function. Glaucoma may result from an in-
creased rate of aqueous humor production, but usually it is due to a nar-
rowed iridocorneal angle, i.e., inadequate aqueous drainage. Glaucoma
may be classified as primary, secondary, congenital, or absolute. Con-
genital glaucoma may also be classified as primary. Primary glaucoma
refers to glaucoma in which the intraocular pressure increase is not the
result of complications caused by previous ocular disease. Secondary
glaucoma refers to an increase in intraocular pressure resulting from other
known intraocular diseases or eye damage. Secondary glaucoma is more
common than primary and is often unilateral, whereas primary glaucoma is
usually bilateral, although both eyes need not be affected simultaneously.
One eye may be affected before the other by a few days or up to 2 years.
Congenital glaucoma results from a rise in intraocular pressure due to an
eye malformation, such as an abnormality of the angle of the anterior
chamber, which is present at birth. Absolute glaucoma or blindness is the
final stage in any glaucoma. Two theories have been suggested as to the
cause of primary glaucoma, and either of these or the combination of the
two may be the cause. The first theory, neurovascular, suggests abnormal
ocular circulation, which might occur on a local basis within the eye or as a
consequence of a disturbance in the general circulation of the body as a
whole. Contributing factors include disorders of the hypothalamic region,
autonomic nervous system, or the endocrine system. The second, and
perhaps more favored theory, is that it is mechanical. This refers to an ac-
tual blockage or inhibition of drainage. A common finding is an abnormal
iridocorneal angle. The conversion of a narrow angle into one of complete
closure is not well understood.

Primary glaucoma occurs for the most part in the American cocker
spaniel but is also found in the basset hound. More recently it has been
reported in beagles. In England, the condition has been reported in the
miniature poodle, wirehaired terrier, poodle, Samoyed, English cocker,
basset hound, and English springer spaniel. Primary glaucoma is a disease
of older dogs, usually occurring between the ages of 32 and 13 years.
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Early clinical signs may go unnoticed by the dog’s owner. The general
clinical signs may include (not all in one individual) the following: increased
intraocular pressure, pain, cloudy cornea, insensitive cornea, shallow
anterior chamber, dilation of the pupil with no response to light, episcleral
vascularization (congestion of the episcleral vessels), loss of vision (partial
or complete), buphthalmos (hydrophthalmos), cupping of the optic disc,
atrophy of the optic disc and retina, and atrophy of the iris. Acute
glaucoma, at least in the cocker, appears to be somewhat seasonal and oc-
curs most often from October to May.

PATHOPHYSIOLOGY. One observes an enlargement of the globe, a narrowed
but not closed angle, atrophy of the ciliary body, choroid, and retina. Pan-
nus (vascularization of the cornea) and congestion of the ciliary vessels may
occur in an eye that has been subjected to numerous repeated attacks. Sagit-
tal sections of the eye reveal the open angles of the anterior chamber and
cupping in the optic disc.

An enlargement of the corneal epithelium reveals intracellular and in-
tercellular edema. Atrophy and degeneration of the retina and the uveal
tract nerve fiber occur, and the inner nuclear retinal layers are absent. Cho-
roid is vascular with pigmentation. Lacunae in the optic nerve are visible in
the cupped optic disc.

The aqueous humor in both chambers is formed and drained from the
eye in the ciliary region; the ciliary processes are split with a ciliary cleft be-
tween them. The ciliary process consists of a central core of stroma and
blood vessels covered by epithelium and is supplied by blood from the
ciliary arteries. The agueous humor is formed from all the blood vessels in
the anterior part of the eye, but largely from the vessels within the ciliary
processes. Diffusion and filtration of nonelectrolytes and electrolytes are in-
volved in the formation of aqueous humor, with substances from the blood
initiated by an enzymatic activity of the cells of the ciliary process. The
aqueous humor is drained by way of a network of capillaries and veins
forming an intrascleral plexus that is associated with the ciliary cleft and
drains into the ciliary veins. The processes that make and remove the
aqueous humor must be in balance to maintain normal intraocular pressure
that is altered either by changes in the volume of agueous humor within the
eye or by some interference in outflow. Intraocular pressure may be greatly
changed by differences in the rigidity of the sclera, by topical cor-
ticosteroids applied to the eye, an possibly by the myxedema of
hypothyroidism.

INHERITANCE AND RECOMMENDATION. The definite mode of inheritance for
glaucoma in the cocker spaniel has not been reported. The high incidence of
this condition in the cocker, and perhaps the bassets, indicates a hereditary
predisposition. A narrow iris angle in the cocker predisposes to acute con-
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gestive attacks. Glaucoma is reported to be inherited as a dominant or a
recessive in humans. Limited data for the beagle suggest that glaucoma
(with lens luxation) is inherited as an autosomal recessive trait.

Since the mode of inheritance is not well defined, specific recom-
mendations cannot be made. The breeding of known affected animals and
their close relatives should be discouraged. Elimination of this trait should
be attempted in the same manner as for any other recessive or dominant
genes.
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Hemeralopia (Day Blindness)

An inherited condition exists in the Alaskan malamute in which the
dogs are capable of seeing in decreased light (night) but cannot see in bright
light (daylight). A similar condition may exist in the miniature poodle. The
condition is usually first observed when the pup reaches 6-10 weeks of age.

PATHOPHYSIOLOGY. Dogs have normal direct and consensual pupillary
reflexes, normal appearance of the retina, and absence of nystagmus.

INHERITANCE AND RECOMMENDATION. The mode of inheritance for day blind-
ness is apparently autosomal recessive.

Select against this gene as for any recessive. Apparently selection has
been effective.
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Lens Luxation

Luxation (dislocation) of the crystalline lens implies that the lens is not
found in its normal location but is lying either in the anterior chamber in
front of the iris or behind the iris not within the hyaloid fossa. This condi-
tion may be congenital or acquired. Acquired luxation of the lens is usually
the result of an injury.

Luxation occurs due to the complete disruption of the ligamentous at-
tachment. Luxation of the crystalline lens is a heritable defect in certain
breeds of dogs. This condition is confined for the most part to wirehaired
and smooth fox terriers, Jack Russell terriers, and the Sealyham terriers.
Cases have been reported in Webster terriers, greyhounds, German shep-
herds, corgis, miniature poodles, French bulldogs, Labrador retrievers,
border collies, and Scottish terriers. Luxation is usually bilateral, but the
condition in one eye may precede that of the other. The lens may subluxate
or dislocate, usually into the anterior chamber. If the luxation of the lens is
into the anterior chamber, secondary glaucoma may follow and lead to
gross damage to the eye.

Clinical signs usually appear between 3 and 7 years of age. The onset of
lens displacement produces a considerable variation in clinical signs. It has
been reported that blindness may occur overnight, with the owner of the
dog reporting excessive barking by the dog. Reduced vision may be ob-
served several days before the lens are free. Blepharospasm and lacrimation
may be observed. One may observe dilation of the pupil, the eye partly
closed, and the dog rubbing the eye. The dog may lie in a dark area and
avoid exposure to light.

Iridodenesis or trembling of the iris may be observed with the move-
ment of the dog’s head or eyes.

PATHOPHYSIOLOGY. The dislocation of the lens is actually due to rupture of
the suspensory ligament. This leaves the lens without support and leads to
iridodenesis and to anterior uveitis (inflammation of the iris), resulting in an
increase in the protein content of aqueous humor. There is consequent in-
terference with filtration of the fluid, a rise in intraocular tension, and
secondary glaucoma.

Buphthalmos (enlarged eye) from glaucoma may result in acquired
secondary lens luxation.

INHERITANCE AND RECOMMENDATION. No detailed studies have been conducted
on the mode of inheritance of lens luxation (defective zonule). The high in-
cidence in certain breeds strongly suggests an inherited defect at least for
those breeds.

Since the exact mode of inheritance is not well documented, it would be
suggested that affected animals not be used for breeding and that close
relatives of affected animals be carefully observed.
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Microphthalmia (with Colobomas)

Hereditary microphthalmia with colobomas (defects) refers to an in-
herited congenital eye defect found in the Australian shepherd. Similar
ocular anomalies have been reported in Shetland sheepdogs from merle-to-
merle matings. This defect appears to be associated with coat color and to
be related to excessive white coats (30%-90% white) and lack of merling.
However, excessive white-blue merle Australian shepherds have been found
free from the defect. The anomalies occur in both sexes and generally in
both eyes, although the condition may be asymmetric.

PATHOPHYSIOLOGY. All the affected dogs expressed microphthalmia,
microcornea, and iridal heterochromia with dyscoria (pupil abnormal
shaped) and corectopia (pupil off center). Over 50% of the dogs had
cataracts, equatorial staphylomas, and retinal detachment.

The fundus pattern was subalbinotic type. There was an absence of
tapetum lucidum (reflective layer of the eye) and only slight pigmentation of
the nontapetal fundus.

INHERITANCE AND RECOMMENDATION, The data presented suggest that this trait
may be inherited as an autosomal recessive.

Select against this trait as one would any recessive gene. Consider,
however, that the merle gene is dominant and that as suggested for the
sheltie, a double merle mating results in the possible white pup, expressing
the condition. Merle-to-merle mating is not recommended.
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Persistent Pupillary Membrane

Persistent pupillary membrane is a congenital eye defect observed fre-
quently (some suggest incidence of 40%) in the basenji and occasionally in
other breeds. This condition may be associated with other ocular defects but
may also occur as an isolated anomaly. The expression of this defect may
vary between individuals from those that are not visually handicapped with
lesions difficult to distinguish to those with gross lesions of the cornea, iris,
or lens and affected vision.

Normally, atrophy of the pupillary membrane begins during fetal life
and is complete by the time the pup is 3-8 weeks of age. In the basenji,
atrophy may proceed at a slower pace (2 weeks to 8 months). If a portion of
the pupillary membrane does not atrophy and remains into adult life, it is
referred to as a persistent pupillary membrane.

One or both eyes may be affected. Usually the condition is bilateral but
not necessarily symmetrical.

PATHOPHYSI0LOGY. The pupillary membrane has been described as a sheet of
mesoderm carrying a network of anastomosing blood vessels, covering the
anterior surface of the lens, and formed during the embryonic development
of the eye. It forms a very thin and almost acellular central part of the
lamina iridopupillaris, or posterior wall of the anterior chamber, the
peripheral portion of which remains permanently to form the superficial
layer of the iris.

Atrophy of the pupillary membrane usually occurs at 2-3 weeks of age,
beginning at the center of the pupil and leaving a few strands visible around
the edge, finally disappearing by 3-8 weeks of age. Atrophy normally pro-
ceeds somewhat slower in the basenji, i.e., from 2 weeks later to a few
months in some cases.

Two theories have been set forth as to cause. The first is that the
pupillary membrane and all the anterior segment defects attributed to them
are the result of faulty mesodermal development with possible aberrant dif-
ferentiation of the corneal tissue. The second theory is that all forms of per-
sistent pupillary membranes and associated anomalies in the eye of the
basenji are the result of the presence of typical colobomas.

Anomalies associated with persistent pupillary membrane include:

(1) Prominent minor vascular circle (iris collarette 3-5 times as thick
as normal) in which portions of the iris vessel project into the anterior
chamber. Spaces are formed between the vessel and iris surface coloboma-
tion in the form of small circular holes in the border of the iris.

(2) Corneal opacities: (a) Localized corneal opacity with discrete
white dots or linear or branching opacities localized in the region of Desce-
ment’s membrane (innermost layer of the cornea). (b) Diffuse small or large
opacities of the deep corneal layers. Multiple, pleomorphic (varying in
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shape), gray or white lesions with indistinct borders affecting the central or
paracentral portion of the cornea. (¢) Corneal stromae adjacent to lesions.
Descement’s membrane appears more granular than normal. Pigmented
bands of the pupillary membrane stretch from the inner aspect of the cornea
at the site of the corneal opacities to the iris face, where they attach at the
region of the minor vascular circle.

(3) Anterior polar cataract. An eye with this lesion has small or large,
single or multiple, discrete or diffuse opacities occupying the central or
paracentral portion of the pupil. Most are confined to the surface of the
anterior lens capsule.

Various forms of colobomata of the disc have also been reported.

INHERITANCE AND RECOMMENDATION. The literature is not in agreement as to
the exact mode of inheritance for persistent pupillary membrane. It has
been suggested by one group of investigators that, if the wide variations in
expression are all classed as typical colobomata and are considered together
from a genetic standpoint, this condition follows a dominant genetic pat-
tern with no sex linkage. The gene apparently varies in expression and
penetrance. Other workers have stated that this condition is not subject to a
simple dominant or simple recessive form of inheritance. They stated,
however, that there is a variation in expressivity and incomplete penetrance.
If dominant, the removal of dogs with the condition would eliminate
the trait from the kennel. If recessive, a breeding test would be needed. A
breeding test might also be required when penetrance is incomplete.

Progressive Retinal Atrophy

Progressive retinal atrophy is characterized by a progressive bilateral
symmetrical degeneration of the visual elements of the retina. Two types or
forms of progressive retinal atrophy have been reported. The first type,
generalized progressive retinal atrophy (PRA) or peripheral, is due to a sim-
ple autosomal recessive gene. The second type, central progressive retinal
atrophy (CPRA), probably results from a dominant gene, with incomplete
penetrance (penetrance 80%); however, in some breeds CPRA may be due
to a recessive gene, or it is possible that both dominant and recessive genes
may influence this trait in the same breed. Both types are progressive and
cause blindness. With PRA, night vision is gradually lost and day vision re-
mains normal. In the next stage the dog has complete night blindness, with
day vision deteriorating. In the third stage the animal is completely blind
and secondary cataracts often develop in some breeds. Also an early loss of
peripheral vision may be noted, with resulting ‘‘tunnel vision’’; i.e., the dog
sees only objects directly in front of it.

With CPRA, night blindness is not frequently observed. Dogs may be
able to see better in dull light than in bright light. Dogs with CPRA have
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poor near vision and have difficulty in seeing still objects but can see mov-
ing objects until the latter stages of the disease. Peripheral vision may be re-
tained for some time. Blind spots in the dogs’ vision may occur.

Degeneration begins in the first few weeks of the pups’ lives, and loss
of vision is progressive, with complete loss of vision occurring in early to
mid adulthood, dependent somewhat on breed. Progressive retinal atrophy
has been identified in at least 46 breeds, for example, Irish setters, miniature
and toy poodles, cocker spaniels, miniature pinschers, Labrador retrievers,
golden retrievers, huskies, Norwegian elkhounds, Samoyeds, English cock-
ers, collies, Akitas, and salukis. CPRA is common in Labrador retrievers,
border collies, English springer spaniels, golden retrievers, and Shetland
sheepdogs. Careful selection and good breeding practices have been ex-
tremely successful in reducing its frequency. Breed differences are noted as
to time of development and electrophysiology.

Eye examination, when PRA is present, reveals a dilated pupil with
poor and slow pupillary light reflex, although some reflex is retained even in
advanced cases. When present, a cataract follows the course of the retinal
atrophy, beginning as a cortical cataract both posterior and anterior, and
ending as a total cataract.

Examination of the fundus shows the most obvious signs of narrowing
of the retinal blood vessels, both arteries and veins. This sign is most easily
seen in the vessels crossing the tapetum, the venous circle on the disc re-
maining until the end. There is pallor of the optic disc and increased reflec-
tion from the tapetal region, which becomes silvery and mirrorlike in its ap-
pearance. The tapetum nigrum becomes pale gray, sometimes with darker
pigment scattered about. With CPRA, the pupil is dilated, but not in the
early stages, and there is less associated cataract. The retinal changes start at
the area centralis or macular region, soon spreading to the rest of the tapetal
region and therefore involving the central retina. The first change is an in-
creased reflection and pigmentary disturbance, small clouds and irregular
spots of brown pigment appearing scattered over the tapetum lucidum and
between these pigment spots the surface is highly reflective. The tapetum
nigrum is not affected until much later, and whether the whole retina
becomes finally affected is debatable, some normal peripheral retina re-
maining for a long time. Attenuation of the retinal vessels also occurs but
late in the course of the disease.

PHYSIOPATHOLOGY. Histologic studies, at least for some breeds, indicate that
following birth the retina develops normally for 18-21 days, after which
spontaneous degeneration of the rods begins, until the final stage of
degeneration occurs with complete disorganization of the retinal layers.

In stage 1 of PRA, one observes atrophy of rods and their nuclei. In
stage 2, final disintegration of the cones occurs and the external limiting
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membrane now lies against the pigment epithelium. In stage 3, the outer
nuclear layer is reduced to a layer of cone nuclei. The inner nuclear layer is
almost normal, as well as the ganglion cells. Pigmented epithelium is devoid
of pigment even in the nontapetal fundus. Choriocapillaries are much
reduced. Later in this stage the changes proceeded to sclerosis. An irregular
single nuclear layer is formed and the whole retina is greatly reduced in
thickness. Later still, there is a definite thinning of the choroid with a reduc-
tion of its blood vessels. Different pathologic processes occur in different
breeds. For example, rod dysplasia in the elkhound, progressive rod-cone
degeneration in the miniature poodles, rod-cone dysplasia in the Irish setter,
and cone degeneration in the malamute.

The histopathologic changes of CPRA are hypertrophy and migration
of the pigment epithelium cells and loss of the layer of rods and cones. The
large pigment-laden cells migrate through the retina and form cell nests on
its inner surface. By this time the retina is disorganized. The changes occur
in the central region and there is a sharp division between the affected and
the unaffected peripheral retina.

INHERITANCE. Indications are, as previously mentioned, that generalized
progressive retinal atrophy is inherited as a simple autosomal recessive gene
(toy and miniature poodles, Norwegian elkhound, Irish setter, Alaskan
malamute). Central progressive retinal atrophy is inherited as a dominant in
some breeds (Labrador), but in at least one breed, a dominant as well as a
recessive mode of inheritance may be involved.

RECOMMENDATION. For PRA (recessive), any individual animals exhibiting
this trait should not be used for breeding. A breeding test could be estab-
lished to detect carrier individuals. Selection has been extremely successful
in Irish setters. Test mating is less practical in breeds where the defect
develops later in life.
For CPRA, do not use the dog expressing this trait for breeding.
Apparently there is no treatment for the condition.
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Retinal Dysplasia

Retinal dysplasia (improper development of the retina) is an inherited
bilateral defect causing total blindness due to a detached retina and is found
most often in Bedlington terriers, Sealyham terriers, and Labrador
retrievers. Detachment is usually complete and conical and is present within
a completely liquified vitrous body. As the animal gets older, the frequency
of vitrous hemorrhage increases. Both sexes are affected. The condition
may be present at birth but is usually first noticed in the pup at approx-
imately 3-8 weeks of age. Clinically affected pups have a vacant expression,
are less adventurous, less lively, and are clumsy. Such pups will be blind.

paTHOPHYSIOLOGY. The dog has a detached retina and in some cases some
degree of microphthalmos. There may be a pupillary light reflex and fre-
quently a rapid and intermittent nystagmus. The retinal attachment to the
ora serrata is incomplete or consists in some places of a thin transparent
sheet.

In the newborn pup the retina appears edematous, folded, and in some
cases has a defect between the retina and ora serrata. At first small folds ap-
pear near the papilla in an otherwise normal retina. Changes also include
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edema in the inner nuclear layer of the retina, which in places divides the
retina into large and small cysts. There is formation of rosettes with a
marked basal membrane and later degeneration of the rods and cones, and
peripherally next to the ora serrata there is a thin sheet of cells connected to
the detached retina. In some cases the free end of the detached and
disenserted retina can be seen.

The lens show different grades of posterior cortical cataract.

INHERITANCE AND RECOMMENDATION, The trait appears to result from a
recessive gene with complete penetrance.
Select against this gene as for any recessive gene.
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Trichiasis and Distichia

Trichiasis refers to eyelashes that arise from their normal position but
their direction or angle of growth is abnormal so they impinge on either the
conjunctiva or cornea. This condition is found in many breeds such as the
poodle, Pekingese, boxer, collie, pug, dachshund, Shetland sheepdog,
bulldog, fox terrier, and Chihuahua. Abrasion of the cornea by the
eyelashes produces excessive lacrimation and irritation, which may lead to
conjunctivitis or keratitis and eventually to superficial corneal vasculariza-
tion or ulceration.

Distichia is a congenital anomaly that results in two rows of eyelashes
along the margin of the eyelid instead of one. The second row erupts from
the position of the Meibomian glands along the posterior border of the
eyelid. These rows may be partial or complete. The number of abnormal
lashes varies from 1 to 20. The lashes from the inner row curve inward and
impinge on the cornea leading to conjunctivitis and keratitis. Either or both
lids (usually the upper) may be affected and the extra lashes are usually non-
pigmented. The condition is common in cocker spaniels, Pekingese, and
poodles, but does occur in other breeds such as Bedlington terriers, pugs,
dachshunds, boxers, German shepherds, chows, wirehaired fox terriers,
English bulldogs, Boston terriers, English and Irish setters, Saint Bernards,
Shetland sheepdogs, collies, springer spaniels, Chihuahuas, Pomeranians,
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and retrievers. Clinical signs include epiphora, irritation, photophobia, and
hyperemia of the conjunctiva.

The primary defect is related to the Meibomian glands. The typical
canine lid has 20-25 Meibomian glands along the lid margin. The glands
may be smaller than normal, absent, or replaced by atavistic (characteristic
of earlier biological types) sebaceous glands. The result is that a second row
of small, usually nonpigmented cilia erupt and curve or grow inward and ir-
ritate the eye. The condition may be observed accompanying ectropion due
to a lack of support by the rudimentary tarsal plate of the eyelid, diminu-
tion of the palpebral fissure by itself or in conjunction with microphthal-
mia, and the absence of one or both lacrimal punctums and canaliculi.

Cilia abrade the globe of the eye producing conjunctivitis,
photophobia, epiphora, and eventual corneal ulceration and perforation. A
variation has been reported where the eyelashes emerge through the tarsal
conjunctiva. This occurred in the Doberman, Pekingese, miniature
schnauzer, and Shih Tzu.

INHERITANCE AND RECOMMENDATION. Canine distichia is reported in the
literature to be due to an autosomal dominant gene with incomplete
penetrance. However, this needs much further study. The specific pattern
of inheritance of trichiasis is not reported in the literature.

Breeders should select against dogs showing these traits. Removal of
the dogs exhibiting these traits should reduce their incidence.
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EAR (DEAFNESS)
Deafness, like any other defect, may be congenital or acquired. All
cases of congenital deafness are not inherited. Deafness may occur in any
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breed but is much more common in certain breeds, and for these breeds it is
believed to be inherited. Examples are the Dalmatian, bull terrier,
Sealyham, Scotch terrier, border collie, fox terrier, foxhound, Great Dane,
collie, Shetland sheepdog, dachshund, Norwegian dunkerhound, poodle,
and Rottweiler.

Deafness in some breeds appears to be linked to coat color, i.e., in bull
terriers, Sealyhams, and Dalmatians—those with a lack of pigment, such as
white dogs or dogs with a predominance of white markings. In some breeds
dominant spotting when homozygous produces the defect along with blind-
ness and general weakness in pups (dappled dachshund, merled sheltie or
collie, Harlequin Dane). The heterozygote is frequently **walleyed’’ with
the tapetum rudimentary or lacking.

Pathophysiology

The pathology of deafness expressed by the various breeds no doubt
differs. For the foxhound it was found that a bulbous growth (myxoma)
enveloped the stapes (middle ear) and functionally separated the stapes
from the oval window. What appeared to be new bone formation was found
in the area where the cochlea normally lies. The organ of Corti, scala tym-
pani, and scala vestibule (parts of the inner ear) were absent and the area
contained tissue similar to skin.

In the Dalmatian, spotting is recessive and the spots do not have white
hair. Therefore, a different pattern of defects (lesions) could be expected.
The lesions for the Dalmatian have been summarized as follows: in the
young dog there is collapse of the cochlear duct, degeneration of the hair
cells of the organ of Corti, and collapse of the saccule. Some reports also in-
clude degeneration of the spiral ganglion cells, the acoustic nerve, and
various segments of the central auditory system. Age difference in dogs
studied could well account for these differences.

For the collie, the tectorial membrane appeared to have solidified and
is made up of a coagulum. In cross sections it has the appearance of a shelf
projecting into the scala media (cochlear duct) cells lying on top of the tec-
torial membrane. The cells appeared to be the remains of degenerated pillar
and hair cells. This peculiar tectorial membrane was not found throughout
the chochlea but mainly in the upper half of the second turn.

Inheritance

For the Dalmatian with the degenerative type of deafness, a recessive
mode of inheritance is suggested, but additional proof is still needed if
recessive penetrance is not complete. More recent evidence suggests a sex-
linked gene with incomplete penetrance in the female heterozygote. The
gene must also vary in expressivity since varying degrees of deafness are
noted.
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Fig. 4.2. Diagram of the auditory apparatus. Sound waves
are transmitted from the auditory canal via three bones
fmalleus, incus, stapes) to the cochlea, and impulses generated
there are transmitted to the brain via the cochlear nerve for in-
terpretation. The semicircular canals lie in three planes and
keep the animal aware of its spatial orientation,

For the breeds in which the double merle gene is involved, the double
merle (homozygous merle) results in the complete expression of the trait.

Recommendation
Avoid the mating of two merles (or Harlequins). This will prevent the

defect from being fully expressed.
For Dalmatians, select against the defect, considering it as both a sex-

linked and/or recessive condition.
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CHAPTER 5

Bones and Joints

ACHONDROPLASIA

Achondroplasia or chondrodystrophy is the failure of the cartilage
to develop properly—the deficient growth of bones derived from a car-
tilage matrix. It is difficult for dog breeders to agree on what is normal,
but if one accepts as normal the structure of the so-called wild type or
original ancestor of the dog, several breeds exhibit pronounced achon-
droplasia of either the limbs or axial skeleton or both. These breeds are
characterized by localized deformities.

Metaphysis

Epiphyseal
plate

Diaphysis

Epiphyseal
plate

Epiphysis

Metaphysis

Fig. 5.1. Structure of a long bone. Growth in length occurs at
the epiphyseal plate and into the metaphysis. Developmental
defects commaonly cause malformation in the epiphyseal-
metaphyseal area.
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Extremities

Shortness of leg in the dog is due to a dominant gene. This is true of
the breeds with short, straight legs and also of the dogs with short,
twisted, and distorted legs (achondroplasia).

The epiphyseal growth cartilages in the extremities fail to give the
usual longitudinal proliferation of cartilage cells as forerunners for the
normal growth in length of long bones, but instead, the cartilage is ab-
normally scant and the cellular proliferation and growth take place in
transverse spirals and other irregular directions.

The trait is dominant in breeds tested. The expression of the trait
varies in severity due to other bone characteristics (type and length of
bone) of the breeds concerned. Also, when heterozygous, an intermediate
degree of phenotypic expression (closer to the short-limbed parent, but
nevertheless distinguishable) may be observed in some crosses.
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Axial Skeleton, Skull, and Vertebral Column

The inheritance of skull modifications is complex. The modifications
of the different parts or structures of the skull are inherited more or less
independently of each other, and because of this, frequent disharmonies
are observed among the parts resulting in functional inefficiency. Both
dominant and recessive inheritance are involved. For example, factors
with the shorter upper face and jaw are not closely associated with those
that influence the length of the lower jaw. (A complex of both dominant
and recessive factors are involved.)

Length of tail and bent tail (screw tail) may involve two pairs of
recessive genes—one pair for short tail and one pair for bent tail. In
combination with the homozygous alleles for shori tail, straight is not
fully dominant over bent, but it is completely dominant over bent tails in
the long tail. The fusion and shortening of caudal vertebrae resulting in a
decrease in tail length are inherited independently from the vertebrae
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deformity that produces bending or twisting. Here, as with limbs, a
defect is noted in the growth of cartilage and bone but is localized in the
skull and caudal end of the vertebral column.

Achondroplasia (chondrodystrophia foetalis) has been found in
breeds where it is not usually expected. This condition can be observed in
the young pup prior to weaning. The pup stands with difficulty and is
unable to walk without falling forward. In these pups the appendicular
skeleton is abnormal. The enlarged ends of the long bone are car-
tilaginous in nature and the excess cartilage causes an apparent increase
in the joint spaces. The calcified ends of the diaphyses (shaft of the
bone) are splayed out with pointed margins at the periosteal bodies. The
epiphyseal centers of ossification are located unusually near the diaphyses
and are small and occasionally cradled in Y-shaped bone ends. All long
bones are affected. Costochondral junctions are large and prominent.
The wvertebral column has a mild dorsal kyphosis (hump), and the
vertebral bodies are small and misshapen. The skull is normal. Calcifica-
tion appears normal.

INHERITANCE AND RECOMMENDATION. This condition in the miniature poodle,
based on one report, appears as a simple recessive.
Select against this trait as for any recessive.
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Anury (Tailess)

Congenital anury has been reported in the cocker. Apparently this
condition is very rare. The condition varied in expression from no tail in
one kennel to at least one pup in a second kennel with one caudal
vertebra.

Tailessness in the families of cockers probably resulted from a
recessive gene. This condition, if present, could be eliminated by using
selection against a recessive gene.

REFERENCE
Pullig, T. 1953. Anury in cocker spaniels. 1. Hered. 44:105-7.

BRACHYURY
Dogs born with short tails in breeds that normally have long tails
have been reported—for example, cocker spaniel, beagle, and toy grif-
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fon. Often one notices a considerable degree of distortion in the short
tail. This could also be a variation of the gene for absence of tail.

Inheritance and Recommendation

The type of inheritance for short tail seems to vary between breeds.
In the toy griffon the short tail was dominant to the long tail. In the
cocker the short tail was probably recessive. In a colony of beagles
selected for short tails, the gene was considered to be an autosomal
dominant with reduced penetrance. Variation in segmental locus and type
of skeletal abnormality is apparently multifactorial since selective
breeding for shorter tails reduces the number of caudal vertebrae in suc-
cessive generations. In crosses between the basset (long tail) and the
bulldog, the pups had long, straight tails. Back crosses suggested that
two pairs of genes were involved. One for long-short tail and one for
straight-kinky tail. Long is dominant to short and straight dominant to
kinky.

Elimination of these traits would vary according to breed and type
of inheritance. Dogs with dominant traits may be removed following
observation, and dogs with recessive traits should be eliminated following
breeding tests.
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CARPAL SUBLUXATION

A sex-linked recessive trait, carpal dislocation, has been reported in
a group of experimental dogs. Pups appear normal at birth, and a
gradual change begins at about 3 weeks of age when the pups first at-
tempt to walk. The final degree of adult dislocation is varied.

The limb deformity is limited to the carporadial joints and always
occurs bilaterally. No primary anatomical or physiologic basis has been
discovered for this condition.

Inheritance and Recommendation

Subluxation of the carpal joints of both front limbs is a sex-linked
recessive trait (X chromosome) closely linked with the locus for canine
hemophilia A. However, pups affected with both subluxation and
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hemophilia A. However, pups affected with both subluxation and
hemophilia have not been observed, suggesting the genes are in repulsion
in the double heterozygote, and crossing-over has not occurred.

See previously listed technigue for a sex-linked trait as outlined
under hemophilia A.
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CERVICAL VERTEBRAL DEFORMITY (Wobbler Syndrome)

Cervical vertebral deformation with pressure on the spinal cord and
resultant weakness and ataxia has been reported in the Great Dane,
basset, Doberman pinscher, Rhodesian Ridgeback, Saint Bernard, Irish
setter, fox terrier, and English sheepdog. Clinical signs may progress
from partial paraplegia to total quadriplegia. Signs of incoordination
may be present at birth, but signs usually first occur between 3 and 12
months of age. Hind limbs are affected, followed in some dogs by the

Vertebral bodies

Invertebral disc

Cross section of inver --ﬁ disc:

o

h N Annulus fibrosis

MNucleus pulposus

Fig. 5.2. Canine vertebrae. The intervertebral disc, composed
aof a pliable center (nucleus pulposus) with a tough enveloping
membrane fannulus fibrosis), is situated beiween successive
vertebrae and serves as a shock absorber as well as to maintain
flexibility in the axial skeleton.
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forelimbs. Rear limb incoordination, hypermetria (a prancing gait), or
dragging of the feet may occur.

Two types of deformity can usually be demonstrated by radiographs
of the affected part in flexion. In the first type there is a slight subluxa-
tion, with narrowing of the spinal canal. This type most often affects the
midcervical region. The second type of cervical spondylolisthesis (disloca-
tion) usually is more caudal and has a prominent feature of altered
vertebral body shape and articulation. Narrowing of the spinal canal is
usually obvious both in Danes and in Dobermans. In the Great Dane the
vertebral defect occurs at approximately cervical vertebrae 5-6 or 6-7
and was described as an overriding of the cranial epiphysis of one
vertebra on the caudal epiphysis of the immediately adjacent vertebra.
(Upward tilting of one vertebra and a downward tilting of another causes
a narrowing of the canal between the two.) The compression of the
spinal cord results first in ataxia of the hind limbs, which gradually pro-
gresses to involve the forelimbs.

In some cases, at the site of compression, necrosis of the gray matter
was noted as well as Wallerian degeneration in the white matter above
and below the pressure site. Abnormalities in the affected vertebrae were
noted.

Deformation and displacement of vertebrae may result from the ef-
fect of abnormal forces on the spine or an imbalance in conformation.
The weight of the head, the length of the neck, and the muscles and the
ligaments in the area are involved. In the basset a similar defect occurred
at approximately cervical vertebrae 2-3, in the Ridgeback at approx-
imately 3-4, and in the Doberman at approximately 3-4.

Inheritance and Recommendation

Pedigree studies of affected dogs (bassets) suggest some form of
genetic transmission. There was a high inbreeding coefficient for affected
animals. Evidence for X linkage was suggested. In one study the condi-
tion appeared to be transmitted as a recessive.

Additional information would be needed for firm recommendations.
Sex-linked traits could be approached as described under sections on
hemophilia A and B in Chapter 2. Recessive traits are outlined in
Chapter 1.
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CRANIOSCHISIS (Skull Fissures)

Cranioschisis refers to a persistent soft spot in the skull and has
been reported in one family of cocker spaniels. Pups usually do not live
more than a few weeks.

Under normal conditions the cranial sutures of a newborn pup are
reported to be extremely small and can be detected only upon close ex-
amination. In the case reported, the cranial crevice or soft spot was
about 1/8 inch wide and 1/4 inch long and, instead of disappearing
shortly after birth, remained open or increased in size.

Defective skulls are apparently developmental calvarium defects or
pathologic (persistent) fontanelles.

Inheritance and Recommendation

This trait was reported to be inherited as a recessive and could thus
be eliminated from a kennel as outlined previously.

Select against this gene as for any recessive gene.

REFERENCE
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DWARFISM—CHONDRODYSPLASIA WITH ANEMIA (Alaskan
Malamute)

Chondrodysplasia is inherited as a recessive. The front limbs of the
affected dog are usually shorter than the back limbs so that the topline
slopes forward. The forelegs are deformed by enlargement of the carpal
joints, lateral deviation of the carpus (paw), and marked bowing of the
radius (forelimbs) and ulna. Variation in severity exists.

Radiographically, the defect appears to involve the entire skeletal
system, except for the skull. The greatest effect appears to be on the
distal ulna and radius. The epiphyseal plates of both the ulna and radius
are wide and irregular. The distal metaphysis of the radius is sclerotic
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and slightly mushroomed. Within the metaphysis of the ulna and extend-
ing into the diaphysis there are focal areas of decreasing density, which
give these areas a rather moth-eaten appearance. The condition appears
to result from impaired growth of bones in which endochondral ossifica-
tion occurs. There is a gross thickening of the growth plate without loss
of the regular columns of cartilage cells and apparent impairment of the
conversion of cartilage to bone. The condition has been classified as
chondrodysplasia.

The dwarfism is associated with erythrocyte macrocytosis and mild
anemia.

Inheritance and Recommendation
Clinically, the defect is expressed as an autosomal recessive.
Hematologic studies show that the heterozygote can be detected, so from
this standpoint the condition appears to be incompletely dominant.
Remove affected animals from the kennel. Test mate or have blood
studies conducted to determine carriers.
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DWARFISM (Shetland Sheepdog)

The occurrence of dwarfism in Shetland sheepdogs has been re-
ported. Five sheltie dwarfs have appeared in three litters from the
breeding of two sons of one stud to three of his daughters. The affected
dogs are disproportionate dwarfs; the dogs’ bodies appear normal but
their legs are short and distorted. Dogs are approximately 9 inches tall.

Inheritance and Recommendation

With limited data, the condition is believed to be transmitted as a
simple recessive.

Select against this trait as for any recessive gene.



5 ® BONES AND JOINTS a5

REFERENCE
Roll, M. H. 1975. A commentary on dwarfism in Shetland sheepdogs. Sheltie Special
14(6):19-21.

HIP DYSPLASIA

Canine hip dysplasia (CHD) (dvs, bad, and plasia, form) is a
developmental disease of the hip joints. Hip dysplasia occurs in all
breeds, but the prevalence of hip dysplasia is much higher in some breeds
than in others. The true prevalence of hip dysplasia among the various
breeds is not known. Data published by the Orthopedic Foundation for
Animals (OFA) on approximately 38,000 radiographs list the following
breeds with over 25% dysplastic animals: Saint Bernard, Newfoundland,
bull mastiff, Gordon setter, Old English sheepdog, English springer
spaniel, Akita, Chesapeake Bay retriever, golden retriever, Norwegian

Periarticulor W .‘:x '.;: \
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Fig. 5.3. Canine hip joini. This is the site of hip dysplasia. The
supportive muscles and the angle of the femoral neck relate to
whether a joint is normal or dysplastic. Periarticular osteophytes
may cause pain and interfere with joint mobility.
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elkhound, Rottweiler, and German shepherd. This percentage for hip
dysplasia should not be considered as absolute since it is based only on
those radiographs submitted to OFA, and many radiographs were prob-
ably screened out and not submitted, and many dogs of the particular
breeds are not radiographed at all. Affected pups appear to have normal
hips at birth; the defect gradually develops with increasing age. The most
frequent age for the appearance of hip dysplasia is approximately 5
months (with a range of 3-8 months). Two phases are involved. The
first, the acute phase, occurs during the pup’s rapid growing period.
During this phase the dog may demonstrate pain in the hip region in
various ways. It may ‘““flop”” down instead of the more normal manner
of lying down more slowly; it may show difficulty in rising, etc. The sec-
ond phase, a more chronic arthritic phase, occurs in the older dog. Signs
of dysplasia in the dog may include restricted motion of the hip joint,
self-limited exercise, lameness, and atrophy of the thigh muscles. In
mature dogs symptoms may lessen or disappear, or some dogs will show
minimal, if any, discomfort or malfunction.

Pathophysiology

Hip dysplasia is a deformity of the coxofemoral joint or joints. It
may be characterized radiographically by a shallow acetabulum (socket),
flattening of the femocral head (ball), coxofemoral subluxation (separa-
tion), or secondary degenerative joint disease. This condition represents
or results from a disparity between primary muscle mass and too rapid
growth of the skeleton. The muscle fails to develop or at least lags
behind skeletal development. This lack of muscle or muscle mass that the
joint should depend on for stability allows separation or pulling apart.
This separation triggers the events that are called hip dysplasia or
degenerative joint disease. As a result, the femoral head fails to seat pro-
perly in the socket. When contact is not full and constant, abnormalities
occur in the shape of the socket and later to the femoral head. The
acetabulum shifts from a deep socket to a shallow groove (fills with
bone). The femoral head flattens and fails to seat. Abnormal wear with
erosion of the joint cartilage occurs, and the result is the thickening of
the joint capsule and formation of periarticular osteophytes (spurs).

The only defects found on close observation are soft tissue defects.
These include a lack of muscle mass and connective tissue. Bony changes
of the hip occur because the soft tissues do not have sufficient strength
to maintain congruity between the articular surface of the femoral head
and the acetabulum. The changes in bone merely reflect changes in the
cartilage and supporting tissue. Hip dysplasia develops only if hip joint
stability and joint incongruity occur together. Therefore, the changes in
cartilage and bone may be considered by some as secondary. Cartilage



5+ BONES AND JOINTS a7

abnormalities are regularly observed in affected dogs and not with most
normal individuals.

Inheritance

Hip joint conformation is not an all or none phenomenon. That is,
it is not either ‘‘normal’’ or ‘‘dysplastic.”” Hip joint conformation is a
continuum from good to bad and all shades in between. Hip joint status
is usually classified as excellent, good, fair, mild CHD, moderate CHD,
or severe CHD.

This variation in dogs and among littermates is suggestive of a
polygenetic pattern or multigenic nature. In the German shepherd a
heritability index of approximately 0.25 was reported. This means that
the defect is under genetic control, but the environment under which the
dog is maintained influences the expression of the trait. Predisposing fac-
tors include growth rate, body type, and pelvic muscle mass.

Recommendation

One should strongly consider breeding only dogs having radiographi-
cally normal hips, unless other qualities of an individual dog dictate dif-
ferently. Other traits must always be considered. The prevalence of
dysplasia dogs in studies has been reduced by selective breeding.
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PATELLAR LUXATION

Patellar luxation is an abnormality frequently observed in the
smaller breeds of dogs. Other deformities may also occur with the luxa-
tion syndrome. Although luxation of the patella may occur in larger
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breeds as the result of trauma, the high incidence of congenital luxation
in breeds such as the miniature poodle, Chihuahua, Boston terrier, toy
fox terrier, Pekingese, cocker spaniel, schnauzer, King Charles, Cavalier
spaniel, Yorkshire terrier, Shetland *‘collie,”> Pomeranian, griffon,
Japanese spaniel, and French bulldog suggests an inherited characteristic
and a man-made defect. Luxations usually are first reported in the
young, growing dog at 4-6 months of age.

Luxations are usually medial and may be unilateral or bilateral. Lux-
ations may be recurrent or complete. Severity of the defect varies con-
siderably from minor soft tissue damage to marked bony malformation
with severe secondary soft tissue abnormalities; from recurrent subluxa-
tion of the patella, with little functional problems, to a state where the
joint is fixed and the animal moves in a crouched position.

The normal function of the patella and possible causes for luxation
have been described in the literature as follows: the patella is a small
bone that articulates with the trochlea at the distal end of the femur and
plays a subsidiary role in the extensor mechanism of the stifle joint. It
functions mainly in protecting the patellar ligament from frictional
damage during the acts of extension and flexion of the joint. The
quadriceps muscle and the patellar ligament are inserted from the other
components of the extensor apparatus.

In a voluntary act of extension of the stifle joint from a flexed
position, the quadriceps femoris muscle is contracted. This force
of contraction of the muscle is relayed through the patella and its
ligament to the anterior tibial tuberosity. The upward pull on the
anterior tibial tuberosity brings about the extension of the
femorotibial articulation. In a normal joint the direction of the
force of contraction of the quadriceps muscle, the femoral troch-
lea, and the anterior tibial tuberosity is practically in alignment
and this helps to confine the patella to the femoral trochlea in its
upward movements during acts of extension of the joint. The bal-
anced tension of capsular attachments in the medial and lateral
aspects of the patella and the prominent nature of the ridges on
the lateral and medial sides of the femoral trochlea further pre-
vent the patella from being dislodged in either medial or lateral
direction during these acts of extension of the joint. As opposed
to this, the slimy consistency of the joint synovia and resultant
force acting on the patella in the direction of the trochlea would
facilitate a luxation of the patella if the conditions that help to
maintain the patella in the trochlea are altered in any way.

Any of the following could cause luxation:

1. If the direction of the force of contraction of the gquad-
riceps muscle is out of alignment with the rest of extensor ap-

paratus.
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Femoral trochlea

Stifle joint
(femoral- titial articuwlafion)

Fig. 5.4. Canine stifle joint. Note the relationships of patellar
ligaments and quadriceps muscle to the patella. The patella
Junctions through and is held in place by proper attachment.

2. If the femoral trochlea is out of alignment,

3. It the anterior tibial tuberosity is displaced to a more
medial or lateral position on the tibia.

4. If the degree of concavity of the femoral trochlear groove
and the degree of prominence of the femoral trochlear ridge are
reduced in any way.

5. If the balance of tension between the medial and lateral
aspects of the capsular attachment of the patella is upset in any
way.

Displacement of the patella from its normal position alters
the direction of force of the quadriceps muscle contraction acting
on the patellar displacement.

Inheritance and Recommendation

The literature suggests that this condition is the result of a recessive
or polygenic type of gene action. The condition occurs in both sexes.

A selective breeding program should be followed. All affected
animals should be eliminated. Then select as outlined against recessive
genes.
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POLYDACTYLY (Dew Claw)

The presence of dew claws (one or more extra digits on toes) is com-
mon in many breeds and, unless removed, could cause some difficulty.

Apparently the dew claw or extra toe represents a reappearance of
the first digit lost during evolution in most Canidae.

Dew claws are usually removed soon after birth with very little dif-
ficulty, so selection against the dew claw is not usually considered of
prime importance.

Inheritance

Dew claws (back leg) are generally believed to be inherited as a
dominant, however, at least one report on one breed states that dew
claws are recessively inherited.
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POLYOSTOTIC FIBROUS DYSPLASIA

Bone cysts are rare in the dog. The condition may be inherited or at
least it has been reported in closely related Doberman pinschers. The
cystic bone condition occurs in the distal metaphyses of the radius
and/or ulna. The condition first becomes apparent at 4-7 months of age.
Enlarged swollen areas in the region of the cyst and occasional pain and
lameness may be observed. Fracture is common at the site of the bone
cyst.

The bone cyst is an osteolytic defect usually near the epiphysis. Bone
is replaced by fibrous tissue that may contain areas of cystic degenera-
tion. The honeycombed single cavity of the cyst is lined with a smooth,
thin, fibrous connective tissue membrane and is usually filled with straw-
colored fluid that on occasion might contain blood.

Cystic areas show well-defined borders with a marked thinning of
the overlying cortices. The diameter of the shaft appears to be increased
locally. The thinning of the cortex can be seen to have taken place from
the medullary interior surface. The periosteal surface is smooth, with
absence of activity or new bone formation except in the region of frac-
ture repair. The cortical walls consist of loose osseous tissue containing a
number of osteoclasts or bone-absorbing cells.

Inheritance and Recommendation

It has been suggested that the condition was inherited and possibly
was due to a recessive gene.

The condition is rare, but if it should occur in any breed, avoid the
mating of close relatives in a breeding program.
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OVERSHOT (Prognathia) AND UNDERSHOT (Retrognathia) JAW
Structural abnormalities of the canine skull are frequently observed.
Two of the more noticeable defects are overshot (prognathia) and under-

shot (retrognathia) jaw.
Although the terms prognathia and retrognathia can refer to either
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the maxillae or mandible or both, they are usually used in describing the
mandible or lower jaw. Both of these defects are believed to be geneti-
cally influenced. The undershot condition is more common in the short-
headed breeds such as the bulldog, Pekingese, and Boston terrier. The
overshot jaw (pig jaw) is more common in the long-headed breeds. In
certain breeds these abnormalities are selected for as a desirable breed
characteristic.

A condition in which the mandible is too short in proportion to the
upper jaw (overshot) has been reported in long-haired dachshunds and
cocker spaniels. Cocker pups may appear normal at birth, and even at
weaning, but show the defect at maturity. Great variations in the expres-
sion of this trait exist.

With the long-haired dachshund, the animal appears to have a some-
what longer and more pointed nose than the normal dog. From a side
view, the upper lip droops and hangs down over the mandible. This
drooping of the upper lip may be recognized in the newborn pup. When
one retracts the lips from the teeth, an abnormal occlusion of the teeth
may be observed. There is no contact between the upper and lower in-
cisors. Alteration develops in the position of the teeth. Apparently the
defect involves only the anterior part of the mandible. The alteration
observed in the upper jaw teeth is secondary in nature due to the altera-
tion in pressure.

Inheritance and Recommendation

The trait appears inherited as a recessive with multiple modifying
factors in the cocker. Long-haired dachshunds show a similar autosomal
recessive character. In a genetic study concerning the variations of the
canine skull, length of jaw and the relation of jaw length to other skull
characteristics and deformities were examined in crosses of long-headed
and short-headed breeds. It was concluded that long maxillas and long
mandibles were due to multiple factors and that those factors condition-
ing a long jaw were imperfectly dominant over a short jaw with the
dominance better expressed in the lower than the upper jaw. The genes
determining length of upper and lower jaws appear to be inherited in-
dependently of each other.

Select against this trait as outlined for any recessive. Always con-
sider traits may be inherited differently in different breeds.
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SHORT SPINE (Spina Bifida)

A short-spined condition has been observed in native Japanese dogs,
mixed dogs of the Japanese cross, and in beagles selectively bred for
short tails. Similar cases have been reported in dogs in various parts of
the world.

Great variations in phenotype occur, but in studies involving more
than one individual dog the following summarizes most cases. The entire
spinal column is short when compared to the lengths of the head and
legs, giving the dog an apelike appearance. The shoulders are high and
the back slopes sharply toward the tail. The trunk is somewhat crooked
and the dog has a screw-shaped or kinky tail.

Pathophysiology

Axial skeletal defects are produced through abnormal induction of
the sclerotome by segmental defects of the notochord. In the greyhound,
the anomaly is due to a progressive expression of sclerotome inhibition,
resulting in vertebral malformation and impaction.

Inheritance and Recommendation

The condition in Japanese dogs is presumably hereditary, but the
type of gene action is not given. The condition in greyhounds was
reported to be autosomal recessive. Apparently the condition in beagles is
due to an autosomal dominant gene with reduced penetrance and
variable expressivity.

Since the condition is rare, no problem should exist. If the trait as
suggested in beagles is dominant, remove affected animals.
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UNUNITED ANCONEAL PROCESS (Elbow Dysplasia)

Ununited anconeal process is an orthopedic disease of young dogs
resulting in the failure of normal fusion of the anconeal process to the
diaphysis of the ulna. The condition may occur bilaterally or unilaterally.
This condition is also referred to as elbow dysplasia, but the term elbow
dysplasia includes other anomalies. Clinical signs vary between individual
dogs and may not become noticeable until the dog approaches 8 months
of age. One observation is continuous or intermittently mild to severe
lameness due to the loose piece of bone in the elbow joint and possible
secondary osteoarthritis. Other signs include distention of the joint cap-
sule, crepitation (sound of bone rubbing), decreased extension and flex-
ion, and lateral deviation of the elbow (winging out) during movement or
while standing (may toe outward with spread digits). Secondary com-
plications such as osteoarthritis and disuse atrophy involving muscles
may occur.

This condition is believed to be hereditary and is found more fre-
quently in the German shepherd, basset hound, French bulldog, Saint
Bernard, Great Dane, Labrador retriever, bull mastiff, Irish wolfhound,

Humerus

Radius

Fig. 5.5. Canine elbow joini. The anconeal process and the
radius serve as altachment points for the muscles of extension
and flexion. Malalignment of this joint may result in an ab-
normal gait and eventual excessive wear in the joint.



5 * BONES AND JOINTS 105

pointer, blood hound, Great Pyrenees, Weimaraner, dachshund, and
Newfoundland.

Digital palpation of the elbow may result in pain in some cases.
Early cases may show synovial swelling just caudal to the lateral condyle
of the humerus. There may be some thickening of the joint capsule both
laterally and medially on the elbow joint and crepitus may be indicated
during flexion and severe extension of the elbow. As the problem
becomes chronic, the increased synovial swelling may disappear, more
crepitus may be detected, and muscular atrophy of the triceps and biceps
due to disease may be noted.

Final diagnosis is confirmed by radiograph. The anconeal process in
large breeds of dogs has been shown by some to develop from a separate
center of ossification. This center appears at 93 + 11 days and unites with
the ulnar diaphysis at 124 +17 days. A diagnosis of ununited anconeal
process prior to this age is unwarranted. Nonunion or a partial union
results in a loose portion of bone within the elbow joint that acts as a
foreign body and irritant causing lameness and arthritis.

Inheritance and Recommendation

Based on a limited number of nonrandomly selected dogs, a domi-
nant multiple (3-gene pair) type of inheritance has been suggested, with
some reservations, for elbow dysplasia.

Affected dogs should not be used for breeding purposes.
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CHAPTER 6

Neuromuscular System

ATAXIA

A hereditary cerebellar ataxia has been observed in smooth-haired
fox terriers in Sweden. A similar clinical disease has been reported in one
French bulldog, a Scottish terrier, two Boston terriers, and the Airedale.
In the fox terrier the disease becomes noticeable at approximately 22-4
months of age. Clinical signs include restlessness, unusual barking and
howling, and rubbing the head against objects.

The condition is progressive, with intervals of stationary symptoms
and with eventual varying difficulty of movement. Dogs may fall with
slight changes of position and experience difficulty in rising. The condi-
tion does not cause death.

Pathophysiology

In five fox terriers examined histologically, there was bilateral
demyelination in the cervical, thoracic, and lumbar parts of the spinal
cord in the region of the posterior and peripheral parts of the lateral
white columns and the medial parts of the anterior white columns.
Demyelination changes were in two groups of fibers. One group lies
bilaterally in the extreme peripheral region of the posteriolateral part of
the lateral white columns extending anteriorally from the posterior horns
(posterior spinocerebellar tract). The other group lies in the most medial
part of the anterior white column just adjacent to the anterior median
fissure.

107
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Inheritance and Recommendation

The ataxia described for the fox terrier was genetically dependent. It
was found to result from a recessive, autosomal gene.

Dogs showing the condition should not be used for breeding. Test
mating from carrier animals could be made to detect other carriers.
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EPILEPSY

Epilepsy may result from injury to the head, metabolic disease, or
many other causes but is often due to unknown (idiopathic) causes.
Evidence of an inherited epilepsy in the dog is convincing. The term
epilepsy means recurring episodic seizures (convulsions, fits). This condi-
tion of generalized convulsions is observed in most domestic animals, but
apparently there is a greater frequency in the dog than in the other
species. In some reports this disorder accounted for approximately 1% of
all canine diseases diagnosed. Epilepsy has been observed in many breeds
including the Scottish terrier, springer spaniel, poodle, Pomeranian, Pe-
kingese, Chihuahua, German shepherd, Chesapeake Bay retriever,
Boston terrier, collie, Belgian Tervuren, Keeshond, beagle, Welsh corgi,
pointer, setter, boxer, dachshund, Saint Bernard, Great Dane, Airedale,
retriever, Siberian husky, Shetland sheepdog, bloodhound, and Lhaso
Apso. A strong suggestion for an inherited epilepsy or at least an in-
herited predisposition to seizures has been found for the dachshund,
beagle, collie, Keeshond, German shepherd, cocker spaniel, miniature
poodle, and Tervuren as well as setters, retrievers, and spaniels. The first
seizure usually occurs between the ages of 6 months and 3 years.

It is now believed that in the dog partial epilepsies (psychomotor)
have a high incidence and perhaps a genetic background. Clinical signs
include anxiety, fear, masticatory movement, and automatism (nonreflex
acts without conscious volition). This type of epilepsy may in time
develop into the generalized form. Clinical signs for this generalized type
of epilepsy include aura; i.e., prior to actual seizure the dog may ap-
proach his owner and whine or whimper. The animal loses consciousness
suddenly and falls. Muscle spasm (tonus) affects the entire body. Inter-
mittent relaxation occurs with a paddling movement of the legs. Involun-
tary urination, defecation, and frothing at the mouth may be observed.
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This condition usually will be experienced for less than 5 minutes. For a
period of hours thereafter the dog may appear disoriented. The fre-
quency of convulsions varies from several per day to one or two a year.
All signs may not be observed in an individual animal.

Pathophysiology

Epilepsy is a disorder or malfunction of the brain. The seizures
observed are the clinical expressions for a state produced by an abnormal
excessive neuronal discharge within the central nervous system. Etiologic
factors include abnormal neurons acting as pacemakers. Defective in-
hibitory controls in symmetric circuitry alter the neurochemical environ-
ment of neurons. In one report, inclusion bodies did occur in glial and
neuronal cells in the brain in dogs with a familial form of epilepsy
(beagles). In this report histologic changes were also observed in other
organs.

Inheritance

The exact mode of the inheritance of this predisposition is not well
documented. It has been suggested that at least for the German
shepherd, collie, and Keeshond epilepsy results from a single autosomal
recessive gene. In one study with beagles a difference was observed be-
tween sexes, with a higher incidence in males. Two possible genetic
hypotheses (a single sex-linked recessive and a simple autosomal
recessive) were considered, and neither completely fit the reported data.
A genetic hypothesis utilizing two loci (one an autosomal recessive and
the other a sex-linked suppressor) was advanced. Further evidence is
needed. In a study made with the British Alsatian (German shepherd) the
following was concluded: The trait has a genetic base; it is sex
modified—as with the beagle, a higher incidence (3.6-1) was observed for
males. More than one gene is believed to be involved and these genes in-
terrelate in an additive manner. A higher incidence in male Keeshonden
has been reported. It was also observed in some studies that elec-
troencephalographic coding has little or no relation to fits.

Recommendation

Since the expression of this trait may be somewhat latent, breeding
tests would not be practical. Select against this gene by not using animals
or their close relatives that exhibit the trait.
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FAMILIAL AMAUROTIC IDIOCY (G,,, Gangliosidosis)

A ganglioside storage disease has been observed in the German
shorthaired pointer. At approximately 6 months of age pups exhibit in-
creased nervousness and a decreased ability or responsiveness to training.
By 9-12 months, locomotor disability or ataxia is apparent and seizures
are occasionally observed. Neurologic impairment progresses to decreased
vision and occasional blindness, deafness, and stupor, with death occur-
ring by 2 years of age.

Pathophysiology

Histopathologic lesions affect almost all central neurons that contain
granular material in their cytoplasm. The accumulation (neuronal deposi-
tion) of G,,, (principal storage lipid in dogs) results in an enlargement.
In diseased dogs, ganglioside NANA in cerebral gray matter was in-
creased 3.5-4.0 times normal and G,,, ganglioside accounted for
60%-65% of the ganglioside. The gangliosides in the liver increased 3
times in affected dogs and was mainly G,;,. The accumulation probably
results from an enzyme deficiency. In the dog, the enzyme defect is
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unknown. Based on human data, the disease would be caused by a hex-
osaminidase deficiency. The B-D-N-acetylgalactosaminidase activity
(p-nitrophenyl-B-D-N acetylgalactopyranoside substrate) in tissue from
diseased dogs is 3-5 times greater than normal.

Inheritance and Recommendation
Most recent evidence suggests an autosomal recessive trait. Select
against as for any recessive condition.

NEURONAL CEROID-LIPOFUSCINOSIS
(Juvenile Amaurotic Familial Idiocy [AFI])

An amaurotic idiocy in the English setter was characterized by a
neuronal storage of granula containing mainly insoluble PAS-positive
material. A few neurons were slightly enlarged. The ganglioside content
of the cerebral cortex was 1.5 times higher than found in normal
animals; this could only be partly ascribed to an accumulation of
ganglioside G,,, that might be nonspecific. In the spinal cord, the
ganglioside content was twice as high as in controls, but no accumulation
of any one particular ganglioside was observed.

The amaurotic idiocy of German shorthaired pointers (above sec-
tion) resembles the late infantile type of G,,, gangliosidosis, whereas the
amaurotic idiocy of English setters resembles the myoclonic variant.

Clinical signs appeared slowly. From birth to 12 months of age,
most dogs with AFI show no clinical signs. First signs are dullness,
decreased vision, and incoordination. As dogs grow older, signs of
dullness increase. Behavior changes are more pronounced as dogs reach
15-18 months of age; they appear to lose their bearings in normal sur-
roundings and are unable to localize sound. Signs of ataxia appear. The
animals may have difficulty in locating their feed. At about 18 months of
age muscular spasm may be observed. Early in the disease, an increased
excitability occurs in the masseter muscle, and dogs seem cramped in the
jaws and click their teeth. Later they develop tonic clonic spasms.

Histologically, both diseases are similar. Macrophages in the cerebral
perivascular sheaths were not described in the English setter as in the
pointer. Dogs with AFI are dehydrated and thin. The lymph glands are
enlarged (2-3X). The brain (2 years old) is atrophied. Granules are found
deposited in the nerve cells of 5-month-old pups. In later stages a deposi-
tion of lipid granules occurs in the nerve cells of the central nervous
system, as well as in the heart, lungs, liver, and gastrointestinal tract.
The cerebellum is degenerated and has glial infiltration. The Purkinje
cells contain coarse lipid granules in the ganglion cells and only a small
deposition in a few cells in the other layer of the retina. In peripheral
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nerves, demyelination and axonal degeneration are observed. The enzyme
defect, if any, is not apparent. Intraneuronal lipid accumulates in the
form of insoluble fluorescent lipid complexes. These lipid bodies share
many characteristics with ceroid and with lipofuscin granules.
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GLOBOID LEUKODYSTROPHY (Krabbe Type)

Globoid leukodystrophy is a defect of galactocerebroside catabolism
associated with myelin degeneration (demyelinating disorder). One
observes destruction of the myelin sheath, with subsequent glial prolifera-
tion and a relative preservation of axons. The condition occurs
predominantly in West Highland white and cairn terriers but has been
reported in a miniature poodle, the beagle, and Bluetick hound. It is
probably transmitted as an autosomal recessive. Two major syndromes
are observed; one results in severe pelvic limb paralysis, in the other
cerebellar signs are most common.

Clinical signs are first observed from as early as 4 weeks up to 3
months. The condition is progressive and rapid. Coordination and
locomotion are primarily affected. One may initially observe weakness or
loss of control of the hindquarters as well as tail tremor. Motor defects
may progress to paralysis and atrophy of the muscles of the pelvic limbs.
Pups may stumble, show proprioceptive defects, i.e., lack position sense
of rear limbs. There 15 a delayed sluggish hopping reflex, limbs slide
laterally, and the dog may have difficulty in standing. Cerebellar deficits
are also noticed, i.e., tremors, wide stance, and incoordination. Visual
deficiency may be observed and the pup may experience a loss of
recognition of familiar individuals and surroundings. It may be dull and
passive. Head tremors or irregular side to side and up and down head
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movements may be observed. Anorexia and urinary incontinence have
been observed.

Pathophysiology

Lesions are restricted to the central nervous system white matter and
to peripheral nerves. Histopathologically, there is diffuse degeneration of
myelin sheaths accompanied by collections of globoid macrophages.
Globoid cells appear vacuolated and finely granular with lacy strands of
material. These globoid macrophages contain material reported to be a
glycolysed (cerebroside) protein complex derived from the breakdown of
myelin and may lack the ability to further process it; i.e., leukodystrophy
suggests a deficiency in glial capacity to nurture or maintain myelin or
degrade myelin breakdown products to fatty acids.

Initially, the globoid cells appear grouped in the perivascular space.
As time progresses, the entire region of white matter is replaced by
globoid cells. In the terminal stages, most of the white matter of the
cerebral hemispheres is destroyed. The extent of the destruction of the
white matter is varied. Within the spinal cord there appears to be
preferential involvement of the dorsal and ventral roots. Patchy areas of
demyelination can be found in most peripheral nerves.

In one study, dogs with globoid leukodystrophy were found to have a
substantial deficiency of g-galactocerebrosidase. This enzyme normally
splits galactose from galactocerebroside yielding ceramide. This results in
an elevated brain cerebroside-sulfatide ratio. The deficiency of this en-
zyme in affected dogs is widespread—occurring in the liver and kidney as
well as in the central nervous system. Therefore, this condition may be a
genetically determined enzymatic disorder of myelinogenesis.

Inheritance and Recommendation

The familial pattern of this condition suggests a genetic relationship,
probably a recessive.

Select as for any recessive gene where one cannot use the
homozygous recessive animal in breeding.
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SCOTTIE CRAMP

A condition exists in the Scottish terrier that results in intermittent
spasticity or difficult locomotion following strenuous exercise or excite-
ment. One may observe an arching of the back in the lumbar region, in-
volving back and neck, or a stiff-legged gait with the back legs over-
flexed and the front legs greatly abducted when walking. When running,
the dog may hop with one or both legs held against the body. If activity
continues, some dogs may become unable to walk and will assume a
pillarlike stance. Dogs do not lose consciousness. If the dog is allowed to
rest for a few minutes, the condition will correct itself. A great deal of
variation 1s noted among dogs. The defect may be observed as early as 6
weeks of age and usually is fully developed before 1 year of age. The
muscular hypertonicity appears to be the result of a central nervous
system defect rather than a muscle defect.

Inheritance and Recommendation

Evidence suggests that Scottie cramp is inherited as an autosomal
recessive.

Select against this trait as a recessive.
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STOCKARD’S PARALYSIS

A paralysis of the posterior extremities has been reported to occur in
the Saint Bernard, Great Dane, bloodhound, and/or crosses between
these breeds. Pups appear normal until they reach 11-14 weeks of age, at
which time gradually or in some cases suddenly the pups are unable to
move their hind legs. Some pups will be completely down and unable to
rise or push with hind legs; some can walk with assistance. Pain is not
expressed, and after a few days to a month pups may learn to walk, but
with difficulty. Weakness and a faulty gait are noted. In milder cases and
in older dogs, the legs appear somewhat stiffened and animals have a
slightly narrowed and atrophied rump region.

Pathophysiology

The condition results from the death and/or destruction of certain
motor and preganglionic sympathetic neurons in the lateral and anterior
horns of the lumbar region of the spinal cord. Microglia accumulate and
migrate along the axons of motor neurons and infiltrate the ventral roots
of the lumbar region. The cells play an active role in the destruction and
cleanup of dead neurons and axons but do not cause the death. Also
noted in males is a chronic dilation of the vessels of the erectile tissue.

Inheritance and Recommendation
The condition appears to result from a certain combination of at
least three dominant genes. For the trait to be expressed, at least one
member of each of the three pairs must be present in the dominant state.
Avoid the breeding of closely related animals of affected pups and
select against the dominant genes.
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SPINAL DYSRAPHISM (Syringomyelia)

Dysraphism is the improper union or fusion between two contiguous
or similar structures, or the incomplete closure of the primary neural
tube. Spinal dysraphism or syringomyelia has been observed in
Weimaraners. The first signs of the defect appear at 4-6 weeks of age
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and are usually not progressive. As one would expect, there is a varia-
bility of clinical signs. Reportedly one always observes degrees of a sym-
metrical hopping hind-leg gait when walking and especially when run-
ning, as well as stances in which the dog assumes a crouching posture as
though frightened. Frequently there is a unilateral abduction of one hind
limb, and the dog may overextend the hind limbs when standing. Young
dogs also may exhibit a depressed hind-paw position sense.

Clinical signs observed on occasion include scoliosis of the spine in
the lower thoracic and anterior lumbar region, anomalies of hair growth
in the dorsal neck region, a gutterlike depression of the chest, occasional-
ly kinked tail, and some disproportion in length of limbs.

Pathophysiology

Structural abnormalities of the spinal cord include anomalies of the
central canal such as hydromyelia with or without syringomyelia, the
absence of or duplication of the central canal, and unusually shaped or
eccentric central canal.

Anomalies of the ventral median fissure include variations in its size
or its complete absence (dysraphic lesions). Syringomyelia includes small
to large cavitations of the spinal cord. Gross defects were most frequent
in the thoracic region (older animals) and some hydromyelia was found
in newborn and young pups.

Inheritance and Recommendation

Data presented are not sufficient to make definite conclusions as to
the type of gene action. However, the variation in phenotypic expression
may suggest polygenetic or multigenetic action. According to one
author’s interpretation, the condition may result from a dominant gene
with reduced penetrance.

Do not use affected animals or closely related animals in a breeding
program if they are capable of reproducing. One could test as for a
dominant trait. This should provide valuable information regardless of
means of transmission.
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CEREBELLAR CORTICAL AND EXTRAPYRAMIDAL NUCLEAR
ABIOTROPHY

An inherited progressive disorder of function, represented by clinical
signs of progressive cerebellar ataxia with spasticity, occurs in the Kerry
blue terrier.

The defect is usually first observed in pups between the ages of 9
and 16 weeks. Initial signs include stiffness of the back legs and head
tremors. Soon thereafter (2-3 weeks) the pups experience a further pro-
gressive abnormality in gait resulting in a mild basewide pelvic limb
ataxia, with hypertonia represented by limited flexion of the hip, stifle,
and tarsus during the protraction phase. Gait is dysmetric, but position
sense is maintained. The thoracic limbs then become affected, the side-
to-side head tremors continue, and intended head movements are exag-
gerated.

By 8-10 weeks after the initial signs of the condition are noticed,
truncal ataxia is sufficient to make walking difficult. Head, trunk, and
limb movements are disorganized. After about 20 weeks the dog is no
longer able to stand, and skeletal muscle atrophy is evident. Proper
response to postural tests is lost.

Pathophysiology

Lesions vary with the course of the disease. At first one finds pro-
gressive cerebellar cortical degeneration with loss of Purkinje's cells,
followed by bilateral symmetric degeneration of the olivary nuclei and
bilateral degeneration of the substantia nigra and caudate nucleus.

Inheritance and Recommendation
Autosomal recessive inheritance is proposed for this condition.
Select against this trait as for any recessive.
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MUSCLE FIBER DEFICIENCY

A rare but supposed inherited deficiency of type II muscle fibers has
been reported in the Labrador retriever. Clinical signs included abnormal
head and neck posture because of the inability of the pup to hold up its
head following exercise, and a muscular weakness throughout the body.
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The puppy’s limbs were extended and it walked with stiff minor steps
and a stiff forced hopping gait. Clinical signs disappeared with rest. The
deficiency of muscle mass was sufficient to alter the dog’s conformation.
Stress due to cold, exercise, or excitement exaggerated the condition. The
condition stabilized as the dog matured, and the older animal was
stunted with less skeletal muscle mass. The condition was first noticed
before the pup reached 6 months of age.

Histologic studies show a variation in fiber diameter and an increase
in endomyseal and perimyseal connective tissue. Type 1 fibers
predominate and the number of type II fibers is reduced. Marked
creatinuria was found in the affected dogs. Serum CPK activity of af-
fected dogs was lower than that of the controls.

Inneritance and Recommendation

The condition in the Labrador breed is rare. Pedigree studies suggest
an inherited disorder, and the authors indicate that based on available
data the disorder may be transmitted as an autosomal recessive.

Assuming the condition is recessive, a breeding program should be
designed to eliminate the condition as for any other recessive gene.
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CHAPTER 7

Digestive System

CLEFT LIP AND PALATE

The palate is the partition dividing the oral and nasal cavities. It
consists of the hard palate formed by bony plates and the soft palate
which is basically muscle. A mucous membrane covers the palate. The
closure process involves a complicated interaction of the bony plate,
tongue resistance, mandible growth, and head growth.

Cleft palate is a condition observed in the dog in which the bony
plates forming the roof of the mouth fail to properly close prior to birth.
The cleft frequently terminates in a hairlip. Cleft palate occurs most fre-
quently in the brachycephalic breeds such as the bulldog, Boston terrier,
and boxer. The condition has been reported in many breeds, for exam-
ple, toy poodle, Norwegian elkhound, Bernese mountain dog, beagle,
cocker spaniel, Staffordshire terrier, dachshund, German shepherd, Shih
Tzu, Chihuahua, Pekingese, bull mastiff, bull terrier, and collie.
Although it is always recognized that in utero environmental conditions
may be responsible for this trait, the increased incidence of cleft palate in
certain breeds is strongly suggestive of a hereditary factor. Variation in
the expression of this trait occurs, however, and it also accompanies
other defects. Some pups that appear normal at birth may, upon nursing,
aspirate milk in the nasal passages. In severe cases, the hard palate is
divided into two separate halves, with a division in the center that com-
municates with the nasal chambers.

Inheritance and Recommendation
The mode of inheritance for cleft palate is not well defined and may
differ among breeds. A simple dominant type of inheritance has been
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suggested for the Bernese mountain dog. Some authors feel that the con-
dition for most breeds is recessive, but some data presented would also
fit a dominant type of gene action. Simple dominant or recessive gene ac-
tion might not fully explain all conditions, since cleft palate may be one
of a series of anomalies and does vary in expression. This might strongly
suggest multifactoral or polygenic control, and various environmental
factors may be involved. Several distinct syndromes are recognized. It
would appear that selection in certain breeds for a particular conforma-
tion has enhanced this trait, that is, the compression of the nasal cavity,
pharynx, larynx, and surrounding tissue into an inadequate space.

Do not use for breeding those individuals having produced this
defect or the close relatives of animals expressing this trait.
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ESOPHAGEAL ACHALASIA

Achalasia refers to the inability to relax. Esophageal achalasia
(failure to open) means that the opening from the esophagus into the
stomach does not relax sufficiently to allow the ingested food to enter
the stomach. The result is the retention of food, the ballooning out of
the esophagus, and persistent vomiting. Vomiting is apparently without
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strain. Vomiting of undigested food occurs within a few minutes to 2
hours after the dog has eaten, and the undigested bolus of food is
covered with saliva and mucus. The inability to properly swallow the
solid food causes weight loss, increased appetite, weakness, dehydration,
and faulty bone mineralization as a secondary influence of poor nutri-
tion. The condition usually does not fully express itself until the pup is
weaned and begins to consume solid food. Some breeders have reported
a gurgling sound as affected pups nurse.

The condition has been reported in many breeds, including
the German shepherd, greyhound, wirehaired fox terrier, Rhode-
sian Ridgeback, schnauzer, dachshund, Dalmatian, springer
spaniel, cocker spaniel, boxer, Labrador retriever, and Boston ter-
rier.

Pathophysiology

The basic cause of esophageal achalasia is unknown. In the human,
the absence or reduction of certain nerve cells, i.e., enteric neurons or
ganglion cells, seems to be a factor. This has not been well demonstrated
in the dog. However, some literature supports an imbalance of sym-
pathetic-parasympathetic innervation of the esophagus, which results in
failure of the terminal portion of the esophagus to relax after swallow-
ing, as a possible cause. The disease includes a disturbance in esophageal
mobility as well as increased resistance at the cardia.

Inheritance and Recommendation

Early reports suggested sex linkage to be involved in esophageal
achalasia, but subsequent information has not verified this. Also sug-
gested by some reports was a recessive condition. More recently, at least
in wirehaired fox terriers and perhaps other breeds, an autosomal domi-
nant was given as the mode of transmission.

In view of the most recent evidence, consider the condition as a
dominant and breed accordingly. Consider also, however, that this might
be transmitted differently in different breeds.
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INTESTINAL LYMPHANGIECTASIA

A diarrheal syndrome characterized by malabsorption, a protein-
losing enteropathy (disease of the intestine), and hypergammaglob-
ulinemia (excess gamma globulin in the blood) has been observed in both
male and female basenji pups. Pedigree studies strongly suggest that an
autosomal recessive gene is responsible for the condition. A protein-
losing enteropathy that appears to have a genetic basis has also been
found for the Lunderhund breed of dog.

Clinical signs include depression, an unresponsive light brown to
yvellowish diarrhea with occasional blood, fever, vomiting, neurologic
signs that may include the twitching of facial muscles, incoordination,
seizures and paresis (paralysis), gradual deterioration, and weight loss.

Stressors such as vaccination may initiate the condition.

Pathophysiology

During the normal process of protein breakdown, amino acids are
lost into the intestine but are normally reabsorbed. In this condition they
are lost.

A histopathologic diagnosis of intestinal lymphangiectasia was made
in two of four cases studied. The other two of the four cases had a dif-
fuse lymphocytic-plasmacytic enteritis.

Inheritance and Recommendation

As indicated above, the condition is probably the result of an
autosomal recessive gene.

Select against this trait as for any recessive. Breed test animals
related to affected dogs.
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LIVER DISEASE

A chronic progressive hepatitis or liver disease associated with in-
creased liver copper concentrations has been reported in Bedlington ter-
riers. The condition appears to be similar to Wilson’s disease in humans.
A genetic base is indicated since the disease is found primarily in the
Bedlington.

Clinical signs are varied. All dogs do not respond similarly. Reports
show that stress may initiate the condition in young adult dogs. Clinical
signs include depression, lethargy, lack of appetite (anorexia),. and
vomiting. The dog may exhibit a jaundice condition (yellowing of
mucous membranes). Death often occurs within 48-72 hours after the
onset of initial symptoms. If the dog survives the initial attack, it may
show no further clinical signs or in some cases exhibit recurring attacks.

Other dogs, usually older dogs, may show more chronic and less
severe signs. In addition to the above-mentioned clinical symptoms, these
older dogs may experience weight loss and ascites (accumulation of fluid
in the body cavity) late in the course of the disease. Anemia is also com-
mon.

In still other dogs, usually young individuals, no clinical signs are
observed (asymptomatic) and the condition can be detected only by
biochemical tests. These tests can diagnose the problem as early as 3
months of age.

Pathophysiology

The condition appears to result from a chronic progressive hepatitis.

It is believed that massive hepatocellular necrosis occurs, resulting in
a rapid release of intracellular copper into the blood. The elevated blood
copper concentrations damage the membranes of the red blood cell, caus-
ing it to rupture.

A copper-related metabolic defect may be involved.

Inheritance and Recommendation

Since the condition is found for the most part only in the Bed-
lington, this would suggest an inherited condition. The mode of in-
heritance is yet to be determined.

Without further information on the mode of inheritance involved,
one cannot make detailed recommendations. However, test all breeding
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stock, and avoid the use of affected animals and close relatives to such
animals if possible.
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CHAPTER 8

Endocrine and Metabolic Systems

PITUITARY DWARFISM

An inherited pituitary dwarfism has been reported in various breeds
but occurs most frequently in the German shepherd.

Pups appear normal at birth, and clinical signs are not obvious for
the first 1 or 2 months of the pups’ lives. In addition to growth retarda-
tion, an alteration in hair coat is observed.

The adult dog will be extremely small but well proportioned, with
partial puppylike hair coat (wooly, irregular fur), accompanied by a sym-
metrical hair loss. In one case the dog in question became obese. The
skin was thin and fragile.

Pathophysiology

Some reports consider cystic hypofunctioning pituitary gland as the
cause. Low somatomedin activity was found in the plasma of four re-
lated German shepherd dwarf dogs. Somatomedin is a growth-promoting
hormonelike substance found in plasma and controlled by the growth
hormone. The pituitary gland may be almost completely replaced by
multiceptic remnants of Rathke’s cleft. These are filled with mucin and
lined by cuboidal and ciliated columnar epithelium containing numerous
goblet cells.

Inheritance and Recommendation

The syndrome might be regarded as a threshold character based on
polygenic inheritance. However, the data given also could fit a simple
autosomal recessive pattern. The authors of some articles appear to favor
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recessive inheritance. Assumed heterozygous relatives of affected dogs
appear to be intermediate for somatomedin.

Select against this gene by not using breeding stock whose offspring
and close relatives show this trait. When a definite pattern of inheritance
is established, other recommendations could be made.
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CHAPTER 9

Urogenital System

CRYPTORCHIDISM

In mammalian species one observes males in which the testes do not
descend into the scrotum. These animals are referred to as cryptorchids
(kryptos, concealed, and orchis, testes). If both testicles are retained, the
animal is a bilateral cryptorchid. If only one testicle fails to descend into the
scrotum, the animal is a unilateral cryptorchid. The unilateral cryptorchid is
often incorrectly referred to as a monorchid. The term monorchid means
that the animal has only one testicle and this of course is not true, since the
dog has two testicles, but only one has descended.

Some reports estimate the number of cryptorchid dogs to be between
0.05% and 0.1%. Several recent reports suggest a much higher incidence. In
one small animal practice, 12.9% of 1,494 male dogs examined were classi-
fied as cryptorchids. Of these 1,494 dogs, 30 of those examined were under
6 months of age at the time of the initial examination and testicular descent
occurred later. Twenty-seven other cryptorchid dogs under 6 months of age
at the time of the initial examination were not rechecked. When these 57
dogs were removed from consideration, the percentage was 9.2. This
percentage is comparable to other recent reports. One expects crypt-
orchidism to be much higher in certain strains and families of dogs.

Cryptorchidism is a developmental defect. The cryptorchid condition
may be completely abdominal, which implies that the testis, epididymis,
etc., are all within the body cavity, or this condition may be incompletely
abdominal, which suggests that only a portion of the testis or its appendages
are retained in the abdominal cavity or inguinal canal. Inguinal crypt-
orchidism exists when the testes are in the inguinal canal.

The descent of the testis of the dog may be somewhat slower than for
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other species. While the testes of the pup may be present in the scrotum near
the time of birth, it is not uncommon for the testes to be retained much
longer. The majority of practitioners feel that the testicles should be
palpable by 6-8 weeks of age. Most feel that a definite diagnosis should not
be made until the dog is 6-12 months of age.

Pathophysiology

The bilateral cryptorchid animal is sterile, and spermatogenesis is in-
hibited because of a high testicular temperature. Elevated temperatures for
a short period of time, under experimental conditions, result in disarrange-
ment of the germinal epithelium, folding of the basement membrane, and
infiltration of the Sertoli cells with fat. These conditions are reversible
unless the animal 1s exposed to elevated temperatures for prolonged periods
of time as would be the case for cryptorchids. Apparently the degeneration
of tissue is due to a lack of sufficient oxygen or substrate.

In the unilateral cryptorchid, spermatogenesis appears normal in the
testicle observed in the scrotal sac but is abnormal or completely lacking in
the testicle retained within the body cavity.

The production of the male hormone, testosterone, by the interstitial
Leydig cells continues in the undescended testes. This is true for both the
bilateral and unilateral cryptorchid. Testosterone production in retained
testicles may be somewhat lower than normal in certain species.

Inheritance and Recommendation

Evidence suggests that some cases of cryptorchidism are genetic in
origin. Species differences in the mode of inheritance may exist. For the
dog, most research reports suggest that the cryptorchid condition is the
result of a sex-limited autosomal recessive gene. Some reports indicate that
cryptorchidism is not controlled by a single gene but possibly by two gene
pairs. The descent of each testicle would be controlled by one gene pair.
This theory would allow nine different genotypes, five of which would
allow for some form of cryptorchidism to be expressed. Penetrance may
also be low for this characteristic.

The majority of veterinary practitioners have found little success in try-
ing to correct the cryptorchid condition with hormone therapy. Unilateral
or bilateral cryptorchids should not be used for breeding. If possible avoid
the use of dogs that have sired cryptorchids.
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INTERSEXUALITY (HERMAPHRODITISM,
PSEUDOHERMAPHRODITISM)

Hermaphroditism (intersexuality) refers to an animal in which varying
degrees of internal and external organs of both sexes are found. The condi-
tion is usually classified according to the presence of ovarian or testicular
tissue. If a dog contains both ovaries and testes, the animal would be
classified as a true hermaphrodite. A pseudohermaphrodite may be either
male or female. The male pseudohermaphrodites would have testes and
either or both male and female internal and external secondary sex organs.
Female pseudohermaphrodites would have ovaries with either or both male
and female internal and external secondary sex organs. Therefore,
classification of intersexuality is based on the gonads present and not on the
genetic sex of the dog. Variations exist in the completeness of the reproduc-
tive tracts of both sexes within one individual and as to the chromosome
(XX, XY) genotype in relation to gonadal tissue and genitalia.

Intersexuality is relatively rare in the dog but has been reported for
several breeds.

Pathophysiology

No good single explanation seems to fit all cases. In some dogs, but not
all, a genetic base seems likely. One theory suggested was that in some
genetic males and females Mullerian derivatives remain, regardless of
gonadal sex. The persistence of the Wolffian derivatives is correlated with
the extent of gonad development as testes. It was suggested that the X
chromosome contains homologous male-determining genes that can be
either repressed or activated. Activation is normally effected by the Y
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chromosome in the male complement, but in the abnormal female genotype
it can also be brought about by aberrant autosomal influence. Apparently
the Mullerian system of ducts is not suppressed as it would normally be in
the presence of a testes. Suppression is mediated by the testicular hormone.
It could be that the testicles produce the proper hormone, but the tissue of
the ducts fails to respond properly and remains inactive or persists. Also the
genes controlling testicular development, which should be inactive in the
normal XX individual, may be functional to a considerable degree but not
completely functional as in the normal animal. Their activity is sufficient,
however, to allow development of a normal-appearing structure (but
sterile).

The male hormone production is sufficient to allow various degrees of
development of masculinity, but it is suggested that the activation of genes
controlling testes development is incomplete so the hormone that supresses
the Mullerian system is not produced.

Inheritance and Recommendation

Indications are that intersexuality in some dogs is inherited. This is sug-
gested since the condition has occurred when all affected dogs had a com-
mon ancestor and the intersexuality was reported more often in certain
breeds. A mode of gene action or detailed recommendations on the control
of this defect cannot be given with the limited data available, but some
authors suggest an autosomal recessive gene. Other reports, however, have
suggested a sex-linked recessive and some a dominant with incomplete
penetrance.
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RENAL CORTICAL HYPOPLASIA

Renal cortical hypoplasia is a reduced amount of renal cortical (outer
zone of the kidney) tissue. The condition has been found in the cocker
spaniel, German shepherd, dachshund, Doberman pinscher, Norwegian
elkhound, and Lhasa Apso. The defect is usually first manifested between 3
months and 3 years of age, with a large percentage of the cases occurring at
approximately 12 months of age. Clinical signs are those of a chronic, pro-
gressive renal disease. These include polyuria and polydipsia (excessive
urination and thirst), intermittent anorexia, vomiting, occasional diarrhea,
and weight loss. Glucosuria and proteinuria (glucose and protein in urine)
may be present. If uremia occurs before the pup has completed its growth,
dwarfing may result. Some tenderness at the jaws when eating has been ob-
served; varying degrees of severity will be noted among individuals.

Pathophysiology

A marked reduction in the number of glomeruli in the renal cortex is
observed and many glomerular tufts are atrophic. There are generalized
nephrosclerosis and nephrocalcinosis and a marked dilation of the tubules
without active inflammatory reaction.

Secondary hyperparathyroidism occurs as a result of calcium and
phosphorous imbalances. The decreased number of functional nephrons
leads to phosphorous retention and in turn hypocalcemia. Excess
parathyroid hormone is produced, but additional hormone is required. The
parathyroid gland was found to have chief cell hyperplasia with many
acinar cellular arrangements. A generalized osteodystrophia fibrosa occurs
with the more severe lesions in the mandible.

Inheritance and Recommendation
Renal cortical hypoplasia is probably inherited as a recessive trait.
Select against the trait as against any recessive.
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POLYCYSTIC KIDNEY
Polycystic mononephrosis- has been reported in the beagle. Cystic
degeneration of the kidney results in renal failure, uremia, and death. Upon
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examination, adult dogs that died of chronic interstitial nephritis had only
one kidney. Polycystic lesions were superimposed on lesions resulting from
chronic interstitial nephritis. The cystic lesions could have been attributed
to sequential change due to chronic interstitial nephritis, but the apparent
susceptibility to Pseudomonas infection suggested a congenital defect in the
remaining kidney. Neonate pups were also found to have one kidney.
Histologic examination revealed polycystic lesions within the cortex and
medulla of the kidney.

Inheritance and Recommendation

Based on limited information, the defect is believed to be transmitted
as a recessive.

Select against this condition as one would do for any other recessive.
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URIC ACID EXCRETION

In most mammals (including dogs) metabolic degradation of purines
passes through a uric acid stage to vield allantoin. The Dalmatian dog is an
exception, and as in primates, it excretes uric acid in its urine. The high uric
acid 1s a unique characteristic of this breed. There are no obvious clinical
signs and the defect may be of no great clinical significance. One report sug-
gested, however, that the increased amounts of uric acid excretion may
result in a predisposition for renal calculi. It was pointed out that clinically
the Dalmatian was not reported to have kidney stones in excess of other
breeds, but the majority of kidneys examined from Dalmatians contained
stones.

Pathophysiology

The excessive urinary uric acid excretion characteristic of the Dalma-
tian results from a genetically determined defect in proximal tubular reab-
sorption of filtered urate. A peculiarity of purine metabolism is believed to
be an absence of tubular resorption of uric acid, but further investigations
also showed that under some conditions the usual net resorption of uric acid
can be replaced by a net secretion (also in the proximal tubule). In addition,
it is believed that a defect is involved in the access of uric acid to the interior
of various cells (kidney, liver, erythrocytes) because of a lack of mediated
transport systems in erythrocytes or other cells. Other work has shown a
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probable deficiency of hepatic uricase as well. Liver uricase levels appear
normal, but a functional deficiency in hepatic uricase activity appears o
exist.

Inheritance and Recommendation

The condition results from an autosomal recessive.

Uric acid excretion exists in almost all if not all Dalmatians, so it would
be difficult to remove; however, it is not necessarily detrimental and should
be of no real concern.
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CHAPTER 10

Skin

ATOPIC DERMATITIS

Certain dogs appear to have a predisposition to develop clinical signs
of seasonal hypersensitivity subject to hereditary influences and resulting
from pollens, etc. A reaginic antibody is the causative factor. Most atopic
dogs are multisensitive. Variation is noted as to when clinical signs appear,
but for most atopic dogs it is between the first and third years of life.
Clinical signs are seasonal, but since many atopic dogs are multisensitive,
the duration of clinical signs may extend over several months. The dog rubs
or scratches its face, particularly the eyes and nose. The most prominent
clinical signs are self-inflicted trauma from rubbing or scratching. Itching
may be generalized and involve the axilla (armpit beneath the foreleg) and
the digits, or it may be universal. Respiratory signs do not usually appear
under natural conditions. Urticaria (hives) is not often observed.

In some studies, but not all, a few more cases have been observed in the
female, but the condition definitely is found in both sexes. Certain breeds
such as wirehaired terriers and Dalmatians are more subject to the condition
than are other breeds; yet hypersensitivity to certain pollens occurs in some
dogs of most breeds.

Pathophysiology

The basic defect in atopy is the ability of the affected individual to pro-
duce a unique antibody referred to as the reaginor reaginic antibody.
Among other unusual qualities or characteristics is the ability of the reagin
to fix to tissue and damage the local tissue.

134
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Inheritance and Recommendation

The condition apparently has a familial or hereditary base as evidenced
by its breed predilection and by family histories of affected dogs. Also the
hereditary nature of the atopic dog has been demonstrated by breeding ex-
periments. The exact mode of inheritance is not stated, but in one study in
which both the sire and dam were atopic, the entire litter produced was
atopic. In other matings where only one parent was atopic, a varying
number of the pups were atopic.

Clinical signs are somewhat latent, so many animals may be used for
breeding before the owner is aware of the condition. One must look at close
relatives of dogs concerned and avoid the use of these relatives and affected
dogs in a breeding program.
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CUTANEOUS ASTHENIA (SKIN WEAKNESS)

Cutaneous asthenia is an inherited skin disorder reported in the
springer spaniel, beagle, Manchester terrier, Welsh corgi and in mongrels.
Clinical signs in dogs include fragility of skin and peripheral blood vessels,
hyperextensibility, and laxity of the skin. The most pronounced clinical sign
is the fragility of the skin. Lacerations are produced easily, with resultant
large, gaping wounds but practically no hemorrhage. The skin of such
animals has wide, pliable, thin scars. Minimal connective tissue deposition
is observed in the scar tissue. Subcutaneous hematomas may develop at sites
of injury. Folds and widening of the nasal bridge have been observed in
affected dogs. Reports indicate that the skin over the entire body is loose,
and the laxity is best observed on the legs. The skin has a moist, blanched
appearance and is velvety in texture. The dermis feels thinner than normal
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and hair shafts form an acute angle with the epidermal surface and are visi-
ble through the overlying epidermis.

In the dog, involved extracutaneous tissues include mesentery, in-
testinal wall, aorta, and muscle attachments.

Pathophysiology

The basic defect is unknown. The most severe alteration involves the
collagenous tissues. The dermis appears thin, with a lack of uniformity in
size and orientation of the collagen bundles. Many collagen bundles are
fragmented, shortened, and occasionally swollen. In some areas, the dermis
has a myxomatous appearance, with ground substance and fine fibrillar

elements predominating.

Inheritance and Recommendation
Cutaneous asthenia in dogs is genetically transmitted. It is a collagen
abnormality inherited as an autosomal dominant trait with complete

penetrance.
Remove animals showing the trait from the breeding program.
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DERMOID SINUS

The Rhodesian Ridgeback is subject to a condition known as dermoid
sinus.

A distinguishing characteristic found in some Rhodesian Ridgebacks
and Ridgeback crosses is a ridge of hair on the back growing the opposite
direction to other body hair. The dermoid sinus or ““middorsal’ cyst is
found midline from a short distance behind the head to just before the
beginning of the ridge, or beyond the end of the ridge to the rest of the tail.
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It is most frequently found over the cervical vertebrae and to a lesser extent
over the sacrococcygeal region. No cases of sinus involving the ridge have
been reported. The sinuses may be single or up to eight in number. Those in
the sacral area may be up to three in number. The dermoid sinuses do not
cause symptoms unless they become infected. They are congenital and can
be felt as thin cords, 1-5 mm in diameter, running between the skin and
spine to the dura mater in the coccygeal region or the spinous process of the
cervical vertebrae. The sinuses form a small external opening and the hair
around the opening is concentrated in a tuft. These cords connect the skin
and the dorsal spinous ligament but are not in communication with the dura
mater in the neck or thoracic region, even though the dura may be involved
in the sacral sinuses.

Pathophysiology

The sinus (long, thick-walled tubes with multiple outpouchings) is com-
posed of fibrous tissue lined with squamous stratified epithelium. The sur-
rounding connective tissue contains hair follicles that open through the lin-
ing epithelium. The hair shafts project into the lumen. Sebaceous glands are
connected to these follicles and sweat glands are placed more peripherally.

In some dermoid sinuses the epithelium ends a short distance below the
external skin. In others it ends near the point of attachment to the
supraspinous ligament. The sinus tubes are single.

The condition results from incomplete separation (dehiscence) between
the skin and spinal cord of the neural tube in early embryonic life.

Inheritance and Recommendation

The genetic transmission of the defect has not been clarified; several
theories have been suggested. The condition occurs in puppies from sinus-
free stock and in individuals without ridges. It may occur in crossbred dogs
that do not resemble the Ridgeback and in dogs without a vestige of a ridge.
Some authors suggest dominance with incomplete penetrance; one author
suggests a recessive trait. A complex of genes (polygenic) may be involved
and most Ridgebacks probably carry some of the factors.

Until further clarification of the mode of inheritance is made, one can-
not make specific recommendations. However, one should select carefully
and avoid use of affected animals if possible.
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CHAPTER 11

Other Structures

DIAPHRAGMATIC HERNIA

In diaphragmatic hernia the tissues do not unite in the normal way to
form the sheetlike diaphragm. The herniation is often located cranial to the
right lobe of the liver and is usually small. Most diaphragmatic hernias are
not considered to be inherited. Congenital diaphragmatic hernias of possi-
ble hereditary origin have been reported. Individual pups in the study were
crossbred Labrador retrievers-American foxhounds. In this study only the
sternal diaphragm and portions of the costal diaphragm had developed.

Faces of thick, blunt, diaphragmatic muscle extended bilaterally from
the sternal segment to approximately the level of the right and left
costochondral junctions. The tendinous center, most of the lateral attach-
ments, and all the crural attachments were missing. Variations existed, but
in some pups the stomach, spleen, and portions of the duodenum, pancreas,
and liver were in the thoracic cavity.

Inheritance and Recommendation

The authors of the report stated that transmission of the defect could
have been autosomal recessive, but due to limited data, other modes of gene
action must be considered. This condition has been found to be inherited in
other species.

If one accepts recessive inheritance, it should be dealt with as any other

recessive.
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GLOSSOPHARYNGEAL DEFECT (BIRD TONGUE)

A lethal glossopharyngeal hereditary defect has been reported in the
dog. Unfortunately, the breed of dog was not revealed. Affected pups were
born alive and at first observation appeared normal. Pups did not show an
interest in nursing, even when aid was given, and died from starvation.
Pups had unusually narrow tongues, could not swallow, and lacked the
swallowing reflex. A very slight edema or fullness in the head was also
reported. Since the pups did not attempt to suckle, it was difficult to
evaluate their ability to do so.

Pathophysiology

Upon gross and microscopic observation, no abnormalities were
reported other than the shape of the tongue. This was most evident in the
rostral (anterior) half where the papillated margins were folded medially on
the dorsal surface of the tongue.

It was not determined if the defect was an inability to swallow or if the
tongue shape interfered with the suckling mechanism.

Inheritance and Recommendation

Genetic analyses showed the defect to result from an autosomal
recessive.

One would select against such a trait as for any recessive gene.
Homozygous recessive animals could not be used for testing since the condi-
tion is lethal, so one would use the known heterozygote.
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HERNIA (UMBILICAL AND INGUINAL)

The more frequent occurrence of umbilical and inguinal hernias in
some breeds than in others suggests that the abnormality itself or some
structural weakness resulting in a predisposition for hernia is heritable. Um-
bilical hernias are found in most breeds. Hereditary umbilical hernia has
been reported in certain families of the collie, cocker spaniel, and bull ter-
rier. One report indicated an increased risk of umbilical hernia in the
Airedale, basenji, Pekingese, pointer, and Weimaraner.
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For inguinal hernia a high breed incidence has been found in the basset
hound, basenji, cairn terrier, Pekingese, and West Highland white terrier.

Some reports indicate that umbilical and inguinal hernias are inherited
independently, while others are suggestive of a relationship between the
two. The basenji and the Pekingese are high-risk breeds for both types.

Hernia may be observed soon after birth, depending somewhat on the
severity, but often disappears as the dog matures.

Pathophysiology

According to the literature, canine umbilical hernia seems to be due to
a failure of the normal occlusion of the umbilical ring, so that as the intra-
abdominal pressure increases with the growth of the pup, the omentum and
the intestines are forced through the aperture of the ring, pushing ahead the
peritoneum covered by skin, thus producing a hernial sac containing one or
both of the structures, usually small in the dog.

Also, for inguinal hernia (which in some reports includes scrotal her-
nia) the direct cause has been reported possibly to be an inherited factor af-
fecting fibrous tissue and union of abdominal aponeuroses in the formation
of the inguinal ring and linea alba. Weakness and defective formation of
these structures would result in the appearance of the abnormalities.

Inheritance

Hernias appear in both sexes, but recent reports give a higher incidence
of hernia in the bitch.

In the collie, cocker spaniel, and bull terrier, umbilical hernia is
reported to be inherited independently of other forms of hernia and also in-
dependently of sex and color. For these breeds umbilical hernia is claimed
to be due to a recessive gene, but multiple genetic factors may be involved.

For other breeds the type of gene action, the number of genes involved,
the degree of penetrance, and the relationship among types of hernia may
be the same as for the breeds listed above or may vary for the different
breeds. This could account for the high incidence of umbilical hernias in the
bitch and might suggest some type of sex-linked or partial sex-limited fac-
tor.

Recommendation

For breeding, do not use those animals that show the defect when
mature or dogs that produce pups with a hernia. If the trait is recessive, ad-
ditional test mating would be useful in eliminating the trait.
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Section B:

DEFECTS WITH A POSSIBLE GENETIC BASE




SUMMARY OF DEFECTS

The following defects or abnormalities may well have a genetic base as
indicated by breed predisposition or frequency of the defect in certain
breeds or families, but data are less conclusive than for the defects previous-
ly discussed.

Sensory Organs
Dermoid cyst of cornea
Superficial indolent ulcer of cornea

Skeletal Anomalies
Cartilaginous exostoses
Craniomandibular osteopathy
Epiphyseal dysplasia
Foramen magnum
Hemivertebra
Intertarsal and tarso-metatarsal subluxation
Intervertebral disc degeneration
Aseptic necrosis of femoral head (Legg-Calvé-Perthes disease)
Osteogenesis imperfecta
Otocephaly
Panosteitis (enostoses)
Spondylosis deformans
Vertebral osteochondrosis

Neuromuscular System
Cerebrospinal demyelination
Cerebellar hypoplasia
Hydrocephalus
Trembling
Lissencephaly
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Digestive System
Gingival hyperplasia

Endocrine and Metabolic Systems
Diabetes mellitus

Goiter
Glycogen storage disease

Urogenital System
Cystinuria
Familial renal disease
Renal agenesis

Skin
Canine hereditary black hair follicular dysplasia
Blue dog syndrome
Ectodermal defect
Hypotrichosis (hairlessness)

Other Structures
Calcinosis circumscripta
Laryngeal, tracheal collapse



CHAPITER 12

Sensory Organs

DERMOID CYST (CORNEA AND SCLERA)

A dermoid cyst appears as a tumorlike growth on the cornea or scleral
conjuctiva. It usually consists of a skinlike structure (fibrofatty tissue
covered by skin), with some of the structures of skin such as fibrous tissue,
hair follicles, sebaceous glands, sweat glands, and fat, with one or more
hairs projecting outward.

Dermoid cysts are more common in certain breeds, such as the German
shepherd, Saint Bernard, Newfoundland, basset, dachshund, Welsh corgi,
bulldog, cocker spaniel, and Weimaraner.

The condition results in a great deal of irritation, with resulting con-
junctivitis and pannus (vascular proliferation) formation and occasionally
interstitial keratitis.

Inheritance and Recommendation

[f inherited, no mode of inheritance has been suggested. Since this con-
dition is more frequent in certain breeds, indications are of at least a breed
predisposed for it.

Without more information concerning the defect, recommendations
cannot be made to decrease its frequency.

REFERENCES

Gelatt, K. M. 1971. Bilateral corneal dermoids and distichiasis in dogs. Vet. Med. Small Anim,
Clin. 66:658-59.
Magrane, W. C. 1974. Canine ophthalmology, 2nd ed. Philadelphia: Lea & Febiger.

147



148 Il ®* THE DOG #» Defects with Possible Genelic Base

Lawson, D. D, 1975, Corneal dermoids in animals. Vet, Rec. 97:449-50,
Startup, F. G. 1969, Diseases of the Canine Eve. Baltimore: Williams & Wilkins.

SUPERFICIAL INDOLENT ULCER OF THE CORNEA

Superficial indolent ulcer is a corneal disease or defect peculiar to the
boxer. The ulcer heals at one border but moves across the eye leaving scar
tissue. The ulcer may persist for weeks or months and may be associated
with endocrine or senile phenomena. The condition affects both sexes, is
usually unilateral, and may be recurrent. Moderate pain is indicated by
blepharospasm and watery or mucoid ocular discharge.

Pathophysiology

The superficial corneal ulcer is eccentric, benign, and indolent. There
are no signs of iridocyclitis or hypopyon and no tendency toward perfora-
tion. The ulcer is shallow and round or oval, usually 2-3 mm from the cor-
neoscleral limbus. The outer margin is more or less concentric with the lim-
bus and there appears to be preference for the inferior (lower) part of the
cornea.

Inheritance and Recommendation

Since more females have this disease than males, some type of sex or
endocrine influence may be involved. No mode of inheritance is suggested,
but it is probably an inherited trait since the condition is unique for the
boxer.

Additional research must be conducted if one is to make positive
recommendations concerning this trait.

REFERENCE

Roberts, S. R. 1965. Superficial indolent ulcer of the cornea in boxer dogs. J. Small Anim.
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CHAPTER 13

Bones and Joints

CARTILAGINOUS EXOSTOSES (ENCHONDROMATOSIS)

Cartilaginous exostoses is a condition in which bony growths project
outward from the surface of the bone. Apparently the condition is rare. It
has been reported most frequently in dogs of mixed breeding, but on one
occasion in the Yorkshire terrier and in a malamute. Clinical signs include
palpable masses located most frequently near the ends of long bones and
ribs. Also in more advanced cases slight ataxia of the hindguarters and pro-
gressive posterior paresis occur.

The cause of exostoses is not established. Radiographically, multiple
cartilaginous exostoses 1s a localized osteochondromatous outgrowth or ex-
pansion (an osseous mass) protruding from the bone. In dogs, exostoses
have been found on the tibia, fibula, femur, ileum, radius, ulna, scapula,
metatarsal bone, spinous processes of thoracic vertebrae, cervical vertebrae,
spinous process of the atlas, and first phalanx. The lesions are covered by
hyaline cartilage and are undergoing endochondral bone formation. They
are of uneven size.

Inheritance and Recommendation

In the human, multiple cartilaginous exostoses is said to result from a
dominant gene. It is also believed to be inherited in horses. In dogs, the
mode of inheritance (if inherited) is not known. However, since progeny of
an affected sire have shown the condition, the trait is probably inherited
under some conditions.

Since the mode of genetic transmission is not known, it would be ad-
visable not to use affected animals or close relatives of such animals in a
breeding program.
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CRANIOMANDIBULAR OSTEOPATHY

Craniomandibular osteopathy, a disease characterized by bilateral ir-
regular osseous proliferation of the mandible and tympanic bullae, is most
often observed in the Scottish terrier and West Highland white terrier, but it
has also been found in the Boston terrier, cairn terrier, and Labrador
retriever. It is a disease of young dogs. Clinical signs are usually first
observed between 4 and 7 months of age. Signs include an increase in the
size of the lower jaw and difficulty in chewing or opening the mouth. Inter-
mittent fever approaching 104° F also may be observed. The increase in size
of the lower jaw is not regular. The condition is usually self-limiting in that
slowing and cessation of endochondral growth will occur.

Craniomandibular osteopathy affects the mandibles and the temporal
and occipital bones. The histologic changes are characteristic, and they
affect the cortical as well as the medullary trabeculae. They are produced in
a haphazard combination of resorption and deposition. New deposits are
coarse and poorly mineralized and show a random deposition. New deposits
replace much of the original pattern of Haversian lamellae. Distinctive new
and old bone in a histologic mosaic pattern are noticeable.

Inheritance and Recommendation

Due to the fact that this condition is more common in certain breeds,
one would expect a genetic base. No mode of inheritance for this trait has
been determined.

Avoid using affected animals or their close relatives for breeding.

REFERENCES
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EPIPHYSEAL DYSPLASIA

Epiphyseal dysplasia (stippled dysplasia, punctate epiphyseal
dysplasia) has been reported in the beagle and miniature poodle. The condi-
tion is apparently rare but results in abnormal skeletal ossification. The en-
tire skeleton may be involved, but the condition is more noticeable in the
long bones. The condition may be noticed at birth, due to abnormal
movements of the hind legs. Pups that survive have difficulty walking, have
a swaying gait, fall easily, and appear to have a sagging at the joints and
enlargement of the limbs. The difficulty of movement decreases with age.
Many affected pups appear listless.

The condition is a form of chondrodystrophy characterized by the
presence of numerous punctate areas of increased density in the epiphyses.
Affected epiphyses are enlarged and dwarfism may result. In one report le-
sions were found bilaterally in the tarsal and carpal bones; in the femoral,
humeral, metacarpal, and metatarsal epiphyses; and in the bodies of the
sixth and seventh lumbar vertebrae. In a second report the condition ap-
peared even more widespread.

Inheritance and Recommendation

If inherited, the mode or type of inheritance was not suggested.

The only recommendation one could make with such limited data
would be to avoid breeding affected animals or their close relatives.
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FORAMEN MAGNUM
A malformation of the occipital bone with enlargement of the foramen
magnum has been observed in Chihuahuas, cocker spaniels, and Skye ter-
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riers. Some dogs have no symptoms at all, while others appear to have pain
over the occipitocervical region. Frequent scratching of the ear is common.
The tongue may protrude from the mouth, with loss of pain sensation in the
tongue. Pawing at the face is also noted. In pups, the sign of dorsal spinal
cord involvement may be observed. Unsteadiness of forelegs is noted. Sud-
den temporary changes in the dog’s temperament may occur. Signs may be
first observed in the young pup or may not appear until the dog is fully
mature.

Pathophysiology

With the defect, the foramen extends dorsally to within a few
millimeters of the external occipital crest, resulting in the absence of a
nuchal tubercle. This extension of the foramen magnum past its usual limits
results in exposure of the cerebellum and brain stem. In the young pup with
posterior displacement of the neural structures, there is an enlargement of
the ventricles with hydrocephalus and neurologic signs. Hydrocephalus is
not observed in older dogs with neurologic signs. In some cases the hind
brain extends beyond the occipital bone and the brain stem lies within the
atlas and axis (first two cervical vertebrae).

Inheritance and Recommendation

No mode of inheritance was suggested, only that there were indications
of an inherited condition.

Since the mode of inheritance is not defined, a detailed breeding pro-
gram cannot be suggested. Avoid the use of an affected dog or its close
relatives in a breeding program.

REFERENCE
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HEMIVERTEBRA (BUTTERFLY VERTEBRA)

Hemivertebra refers to a condition usually observed in small and
brachycephalic breeds (screw-tailed breeds such as English bulldogs, French
bulldogs, and Boston terriers, and also pugs and Pomeranians) in which one
observes wedge-shaped vertebra. Often clinical signs are not observed, but
clinically one may observe a progressive hind leg weakness (due to spinal
cord pressure, which may affect one leg more than the other), spinal pain,
abnormalities of the nervous system (urinary and fecal inconsistencies), and
evidence of muscle atrophy, etc. Signs of the presence of kyphosis or
scoliosis (curved spine) are usually observed by the time the dog reaches 1

year of age.
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The defect results from an abnormal development of individual
vertebrae due to failure of fusion of the centers of ossification of the right
and left halves of the vertebral bodies. This asymmetric development of the
individual vertebrae has been said to be due to the persistence of a midline
septum arising from a perichondral sheath remnant around the notochord.
The abnormalities may appear in a number of forms, affecting the structure
and/or function of the vertebra in a number of ways. The condition may
exist anywere in the spine, but the vertebrae most commonly affected were
in the region T7-9. They may appear to be spread and resemble a butterfly.

Inheritance and Recommendation

The increased frequency of the condition in families of dogs suggests
that it might be inherited.

Do not include an affected dog in breeding programs.
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INTERTARSAL AND TARSOMETATARSAL SUBLUXATION

These subluxations occur in many breeds. However, it would appear
that the Shetland sheepdog (England) is predisposed to intertarsal subluxa-
tion. The condition is also reported to be common in the collie. Intertarsal
subluxation primarily involves the intertarsal joint (between first and
second rows of tarsal bones) but sometimes the area between the fibular and
tibial bones. Tarsometatarsal subluxation occurs less frequently. The
traumatic event usually imitates its condition.

Dogs with intertarsal subluxation usually show moderate to severe
lameness and abnormal angulation (dorsiflexion) of the hock joint; an
unstable joint may be observed. The chronically affected animal shows a
thickening of the joint. The condition may be bilateral. The development of
the condition in both legs does not occur at the same time.
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For the sheltie a very specific age incidence (6-9 years) was observed.
Age varied more in other breeds.

The vast majority of cases involve the proximal intertarsal joint (39
cases of 54). Two occurred at the distal intertarsal joint and 3 showed
separation between the tibial and fibular tarsal bones (proximal intratarsal
joint). It was reported that at least in the case of the Shetland sheepdog, the
dogs had suffered a gradual degeneration of the plantar ligament.

Tarsometatarsal subluxation occurred only when the strong tar-
sometatarsal joint capsule, which is reinforced by the attachment of the
plantar ligament, is torn. This usually results from some form of trauma.

Inheritance and Recommendation

The data given suggest that the Shetland sheepdog is prone to proximal
intertarsal subluxation. No mode of gene action is suggested, but the higher
incidence in the sheltie and collie does suggest a genetic pattern. Environ-
ment does interact, since the majority of cases were in the larger, heavier
dogs.

Avoid including individuals with this condition in breeding programs.
Screen closely related animals.
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INTERVERTEBRAL DISC DEGENERATION

Certain breeds of dogs appear to have a predisposition for intervetebral
(IV) disc protrusion. The incidence is highest in the chondrodystrophoid
breeds, but the condition also occurs in others. In various studies the condi-
tion was found in 84 breeds (varieties). This condition is very common in
the dachshund, Pekingese, French bulldog, American cocker, beagle,
Welsh corgi, Lhasa Apso, miniature poodle, and Shih Tzu.

Symptoms vary a great deal. Intermittent symptoms or remission may
occur. The stages of symptoms have been classified as pain, paresis, incoor-
dination, paralysis (spastic or flaccid), and progressive ascending paralysis
consequent to extensive rupture of the disc and generalized hemorrhage in
the cord.

Two types of disc protrusion apparently exist: the first type, that of the
chondrodystrophoid breeds, the type in which heredity may be important;
and the second type, a senile form. In the first type, disc protrusion is
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preceded by a chondroid metamorphosis of the nucleus pulposus (center of
the IV disc), rather uniformly distributed in the vertebral column. At ap-
proximately 1 year of age, 75%-100% of the nuclei have been transformed
into a chondroid tissue of hyaline type, 30%-60% of them showing
macroscopic signs of degeneration, mainly in the form of calcification. The
nucleus pulposus begins to lose its mucoid nature during the first year, and
by 4 years of age the nucleus has become cartilaginous and often calcified.
The annulus fibrosus (periphery of the disc) also undergoes structural
alteration. The lamellae loosen and disintegrate or become hyalinized. As
the disc loses its original structure, its ability to function as a shock absorber
decreases along with its ability to receive adequate nutrition. The degenerate
disc's inability to withstand day-to-day activity allows increasing liability to
injury such as annulus fibrosus and dorsal spinal ligament rupture, thus
allowing the nucleus pulposus material to be extruded. This is most promi-
nent in the chondrodystrophoid breeds in which the degenerative changes
are advanced at an age when the dog is still active. The most likely location
for disc protrusion by the nucleus pulposus is via the dorsal annulus and
into the neural canal, since the annulus is weakened and is thinnest dorsally.
Disc protrusions most commonly occur at or near the thoracolumbar junc-
tion.

In senile degeneration the nucleus pulposus gradually becomes fibrous
as a result of collagenization, but usually this process is advanced to signifi-
cant proportions at an older age (7 or more years). The senile type takes
place independently of breed.

Inheritance and Recommendation

No genetic pattern has been proved. The fact that certain breeds have a
high incidence is quite suggestive of an inheritable trait, either directly or in-
directly due to breed conformation.

Careful selection against affected animals is all that can be suggested
when the type of gene action is not known.
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ASCEPTIC NECROSIS OF FEMORAL HEAD
(LEGG-CALVE-PERTHES DISEASE)

Legg-Calvé-Perthes disease refers to a juvenile aseptic (ischemic)
necrosis of the femoral head. It is a disease of the small breeds, especially
the wirehaired terriers, Manchester terriers, miniature and toy poodles,
miniature schanuzers, pugs, and Pekingese. This condition has been
reported in breeds as large as the cocker and Shetland sheepdog. Clinical
signs are usually first observed in pups between 3 and 11 months of age.
Clinical signs include chronic hind leg lameness of sudden onset, which
becomes somewhat less as the dog gets older. Evidence of pain occurs when
manipulating the joint, weight is shifted to the front legs, leg motion is
reduced, and some muscle atrophy may occur. Either leg may be affected
and in some cases both legs are involved.

The lesion begins as an increase in trabecular (spongy) bone in the head
of the femur, followed by aseptic necrosis. The necrosis results from a lack
of blood supply (ischemia). Initially the bones show increased density due to
the ischemia, but later revascularization is accompanied by decalcification
of the dead bone. At this stage the bone is soft and easily broken. Later the
bone recalcifies but usually does not obtain its former state. Growth of the
epiphyseal cartilage may be impaired, causing the femoral neck to be
shorter and thicker as a result of abnormal productive bone. This results in
poor feet and possible osteoarthritis.

Inheritance and Recommendation

The condition affects both sexes. Certain families show a high in-
cidence of the disease. A specific genetic factor has not been proved.

The use of such animals for breeding is not suggested.
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OSTEOGENESIS IMPERFECTA
(SECONDARY HYPERPARATHYROIDISM)

Osteogenesis imperfecta is a condition representing a deficient or
delayed developmental formation of bone, believed to result from a defi-
ciency of osteoblasts. It has been found in standard poodles, Norwegian
elkhounds, and Bedlington terriers. Clinical manifestations are skeletal ab-
normalities, usually of the spinal column and posterior extremities.
Numerous fractures occur. The fractures result from minor injury or
trauma but heal rapidly. Deformities are characterized by a flattening of the
front paws and metatarsal bones, creating a snowshoe appearance, an out-
ward bowing of the elbow, and a severe knock-kneed appearance. Also
there 1s a striking flaccidity of the ligaments and joints. Abnormalities are
apparent at 6-8 weeks of age, and abnormal characteristics usually improve
at puberty.

Involved bones showed very thin cortices, thin and sparse cancellous
bone (especially in the area of the metaphyses), and fractures occurring
through almost every metaphysis. The bones of affected dogs appear to lag
behind normal individuals in development by 1-2 months (an inhibition or
delay of osteogenesis). Two important deviations from normal were ob-
served: a definite narrowing of the epiphyseal plate, apparently due to a
diminution in the numbers of both the proliferating and degenerating car-
tilage cells; and second, a decrease in the activity and the number of
osteoblasts and sparseness and thinness of the trabeculae.

Inheritance and Recommendation
The family history of the pups considered in these studies suggests a
genetic background to the condition. No mode of inheritance is suggested.
Recommendations other than careful selection of breeding animals
cannot be given on such limited data.
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OTOCEPHALY
The medical dictionary describes otocephalus as a monster fetus lack-
ing the lower jaw and having ears united below the face. This condition is
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not common in the dog, but variations (aprosopic—part of face missing) of
the defect have been observed for many years. Pups born with this as a
severe defect would normally be short lived.

Authors are not all in agreement as to what constitutes an *‘otocephalic
syndrome,’’ and the degree thereof. Low-grade otocephalics would not be
lethal.

Pathophysiology

If one accepts the strict medical definition as absolute, then the defect
would be a pup without a lower jaw and with ears united below the face, or
if one accepts grades or degrees of otocephaly, the following has been given:
A high grade of otocephaly is where aprosopus is found. Several structures
cephalad (anterior) to the medulla are deficient. The eye, cerebral cortex,
maxillae, and mandibles are absent. Intermediate forms are found with
shortened lower jaw, cyclopia, and ears anastamosed in the midventral line.
Low-grade otocephaly would be agnathia (short lower jaw) with secondary
hydrocephaly.

Inheritance and Recommendation

Low-grade otocephaly as described by some authors was said to be in-
herited. Distinction made between low- and high-grade otocephaly would
suggest multigenetic factors.

Eliminate affected and closely related animals from breeding stock.
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PANOSTEITIS (ENOSTOSIS)

Panosteitis is a condition that for the most part affects the long bones.
This condition usually becomes noticeable between the ages of 5 and 12
months. Reportedly it is most common in the German shepherd.

Clinical signs include lameness, usually lasting for a few days or a
week. The expressed pain may shift after a 1-3-week duration to other loca-
tions (limbs). The condition is benign and disappears spontaneously, usual-
ly before 18 months of age but in some cases lasts much longer.

The bone most often affected is the ulna, followed by the humerus,



13 « BONES AND JOINTS 159

radius, and tibia. Histopathologic findings have shown excessive formation
of bones of various degrees of maturity throughout the long bone and ex-
cessive osteoblastic activity with formation of bone by fibrous metaplasia.

Enostosis was revealed, subperiosteal new bone formation, and in
some bones cortical changes of an osteolytic nature. Osteoblastic and
osteoclastic activities were observed surrounding the remodeled Haversian
system. On occasion the cavernous cortical remodeling blended into the en-
dosteal and periosteal reactions.

Three zones of reaction were recognized by cellular arrangement. The
cortical cells were arranged in longitudinal fashion, with the periosteal reac-
tion perpendicular to it. The endosteal reaction was arranged in haphazard
fashion and was easily recognized and differentiated from cortical bones.

Inheritance and Recommendation

The condition is reported to be most common in the male. In one study
the incidence of the condition in a colony of dogs that were progeny of af-
fected dogs was 100%. As stated, this does not prove the existence of a
genetic factor but does at least suggest an increased inherent susceptibility.

With an uncertain genetic pattern, one cannot give detailed recommen-
dations. Carefully screen breeding animals and avoid including affected
animals where possible.
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SPONDYLITIS DEFORMANS

Spondylitis deformans refers to a condition in the intervertebral space
in which there is an inflammation of the vertebral joints and a degeneration
mainly in the ventral part of the discs, resulting in the outgrowth of
bonelike spurs on the borders of the vertebral bodies. These spurs may fuse,
causing ankylosis. The term spondylitis deformans is used interchangeably
with spinal osteoarthritis. Spinal osteoarthritis is usually observed in older
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dogs. Clinical signs may be stiffness, soreness, and reduced movements of
the back legs.

The condition is observed in most breeds but not in the boxer, cocker,
Airedale, German shepherd, or French bulldog. The condition in the
dachshund is variably reported as both high and low incidence by different
workers.

Pathophysiology

Any vertebrae may be affected, but the ones most commonly affected
are the last two or three thoracic and the lumbar vertebrae. The spur
develops on one of the articular margins of the vertebral body, causing pro-
gressive fusing and fixation of the joint.

Inheritance and Recommendation

If the condition is inherited, no type of gene action is suggested. The
more frequent occurrence of the defect in certain different conformations
suggests a possible genetic base.

A breeding program should consider the possibility of a genetic factor,
but without a more clear-cut genetic pattern specific recommendations can-
not be made.
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VERTEBRAL OSTEOCHONDROSIS

This condition has been reported in the foxhound. It is characterized
by an arching of the back (thoracolumbar spine), which becomes prominent
owing to the loss of paraspinal muscle, a stilted hind leg movement with the
pelvis elevated above the shoulders, and general unthriftiness. Lesions are
usually first observed at approximately 7-10 months of age.

Pathophysiology

The defect appears to be associated with the degeneration of the in-
tervertebral disc, and the following clinical signs are observed: the erosion
of the cancellous bone of the varying vertebral bodies, with a resultant nar-
rowing of the intervertebral space, exostoses (outgrowth) on the ventral sur-
face of the vertebrae, and exostoses and ankylosis (fusion of vertebrae
affecting intervertebral movement).
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Dislocation of the disc material or cartilage end-plate of the vertebral
body may exist; a part of the nucleus pulposus is propelled through the end-
plate into the underlying bone of the vertebral centrum, in a cranial or
caudal direction. This leads to the formation of pits in the body of the
vertebra. The condition then progresses to exostoses, which may ankylose
ventral to the vertebral body.

Inheritance and Recommendation

A mode of inheritance is not reported, but known affected pups were
all from one sire. A genetic condition is indicated.

Cull defective animals. Do not use close relatives in the breeding pro-
gram.

REFERENCES

Ghaosh, P., T. K. F. Taylor, J. M. Yarrell, K. G. Braund, and L. H. Larsen. 1975. Genetic fac-
tors in the maturation of the canine intervertebral disc. Res. Vet, Sci. 19:304-11,

Hansen, H. J. 1959, Comparative views on the pathology of disc degeneration in animals. Lab,
Invest. 8:1242-65.

. 1963, Anunusual spinal condition in foxhounds. Vet Rec. 75:644.

Hime, J. M., and J. C. Drake. 1965. Osteochrondroses of the spine in the foxhound. Vei. Rec.
T7:445-49,




CHAPTER 14

Neuromuscular System

CEREBROSPINAL DEMYELINATION

Cerebrospinal demyelination, a primary demyelinating disease, has
been reported in the miniature poodle between 9 weeks and 5 months of
age.

Pups initially have difficulty standing on the hind limbs; a spastic type
of paraplegia develops, which later involves the forelimbs, resulting in
ataxic and abnormal posture and usually death.

Abnormalities appear confined to the central nervous system. The
principal pathologic abnormalities were large areas of demyelination in the
tegmentum and upper cervical cord, with smaller foci bilaterally distributed
in the brain stem. Long tracts appeared to be particularly affected. The
process is essentially a destruction of myelin rather than a hy-
pomyelinogenesis.

Inheritance and Recommendation

The condition in one report occurred in full sibs. No genetic conclu-
sions or recommendation could be made without a great deal more informa-
tion.
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CEREBELLAR HYPOPLASIA

An unusual cerebellar ataxia has been reported in a family of
Airedales.

The condition was first observed when the pups approached 12 weeks
of age. The condition was progressive. When walking, the legs flopped and
jerked erratically, and on occasion the animal would fall. During walking
the forelegs would be lifted high and then suddenly thrust forward to an ex-
cessive distance. Animals would experience difficulty in standing, but could
sit; however, even while sitting they exhibited a marked swaying of the head
and trunk.

Pathophysiology

The main microscopic lesion reported was an absence and degeneration
of the Purkinje cells. In all parts of the cortex less than 5% of the original
number remained. Probably both hypoplasia and degeneration occurred.
Neuroblasts were numerous in the molecular layer.

Limited gliosis was confined to the Purkinje and molecular strata.
Demyelination was absent.

Inheritance and Recommendation

The relationship between affected dogs suggests a hereditary condition,
but on such limited observations one could not state a mode of inheritance
or make recommendations other than to avoid using animals closely related
to affected ones in a breeding program.
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HYDROCEPHALUS

Hydrocephalus is a defect or condition that is characterized by an ex-
cessive accumulation of cerebral fluid. Most cases of hydrocephalus occur
in the miniature breeds of dogs with dome-shaped heads. Examples would
be the Chihuahua, Manchester terrier, and the Pekingese. Brachycephalic
breeds are also subject to hydrocephalus. Clinical signs are multiple and
varied. Hydrocephalic signs may be apparent in the very young pup. The
head is enlarged and the open fontanelles can be detected on palpation. The
skull enlarges to accommodate the increased volume of fluid. Affected pups
may show depressed neurologic activity, dullness, inactivity, stupidity, or
locomotor weakness, or they may whine a great deal. Brain reflexes and
spinal reflexes are abnormal. Various visual deficits are observed.



164 Il « THE DOG * Defects with Possible Genelic Base

Pathophysiology

Any condition that contributes to excessive accumulation of fluid such
as overproduction, deficiency of absorption, or altered flow of
cerebrospinal fluid will result in hydrocephalus. This condition may be
secondarily caused in the cranium as a result of abnormal accumulation of
cerebrospinal fluid in the lateral ventricles of the cerebral hemispheres. The
cerebrospinal fluid is unable to circulate through openings that normally oc-
cur in the roof of the fourth ventricle of the medulla oblongata. This stop-
page may result from an accumulation of proteinaceous material in the
foraminas through which the fluid should flow. The closure of the dermal
bones that form the calvarium is delayed, and the skull becomes enlarged.

Inheritance and Recommendation

In some cases of hydrocephalus, genetics may be involved. Hy-
drocephalus may be secondary in certain conformations in breeds selected
for that characteristic, e.g., brachycephalic breeds. This implies a genetic
relationship, even when effects are secondary. Also, in one colony of
beagles the defect, along with other abnormalities, was considered de-
pendent largely upon genetic factors. A low degree of hydrocephaly has
been reported in cockers.

In breeds where conformation does not encourage the defect, do not
include such animals and close relatives in a breeding program.
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TREMBLING

A condition referred to as trembling was reported in one Airedale ter-
rier. Trembling of the hind limb and tail was of long duration but did not
occur when the dog slept. Since this defect was reported for only one dog,
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one could not even suggest this to be an inherited trait. However, the dog
with the trembling condition was inbred and traced several times to one
ancestor.
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LISSENCEPHALY

Lissencephaly, a condition characterized by the absence of or a limited
number of cerebracortical convolutions, has been reported in two Lhasa
Apso dogs.

Seizures of the grand mal type lasting 2-3 minutes were observed.
Postictal events were characterized by behavioral alterations, hunger, con-
fusion, and intermittent blindness. The frequency of seizure was initially
1-2 per week, but at a later age seizures increased to several times a day. The
dogs’ behavior toward people was reported to be one of apprehension and
seclusion. Occasionally the dogs were depressed and confused but at other
times were active. At times they were aggressive and did not appear to
recognize their owner and attacked the owner. When running, the dogs on
occasion ran into stationary objects. They occasionally assumed an unusual
posture, with hind limbs abducted when lying down. Also, in one of the
dogs, postural reactions including wheelbarrowing, optic and taclite pacing,
hopping, extensor postural thrust, and hemiwalking were slow in all limbs.

Pathophysiology
The most remarkable finding was an almost complete lack of convo-
lutions on the cerebrum.

Inheritance and Recommendation

The authors did not suggest any genetic pattern. The animals were not
closely related, but, since they were of the same breed, a genetic basis for
the disorder should have been considered. The occurrence of this condition
in some species lends support for a genetic basis.

Genetic recommendation cannot be made based on information from
only two individuals. Avoid close relatives of such an animal in a breeding
program if possible.

REFERENCE

Green, C. E., M. Vandevelde, and K. Braund. 1976. Lissencephaly in two Lhasa Apso dogs.
JAVMA 169(4):405-10.



CHAPTER 15

Digestive System

GINGIVAL HYPERTROPHY

Gingival hypertrophy is reported in four related male boxers. Raised
areas may be noted at various locations along the gum line. Both jaws may
be affected.

Lesions are characterized by a central area of bone and by nests and
cords of cells suggestive of odontogenic epithelium.

Inheritance and Recommendation

Conclusions cannot be drawn on such a limited number of animals. A
genetic involvement could be indicated since animals involved were closely
related.

If this condition occurs, screen affected and related animals from
breeding programs.
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CHAPTER 16

Endocrine and Metabolic Systems

DIABETES MELLITUS

In the dog, the influence of genetics on diabetes is not well
documented. Since heredity appears to play an important role in the
human, it seems reasonable to assume a genetic relationship may be in-
volved in the dog. Diabetes occurs in most breeds, but in one study a
high incidence was found in the dachshund that may well indicate a
familial tendency. Noticeable signs include loss of weight, increased
thirst, and excessive urination. In the dog, diabetes is reported more
often in the female. Most cases occur in older dogs (5-12 years), with the
peak age being 8-9 years of age.

Pathophysiology

The basic cause is a deficiency of insulin at the cellular level. The
exact mechanism of insulin action is unknown, but it is believed that the
lack of insulin renders the glucose incapable of moving across the mem-
brane of certain cells. The result is hyperglycemia or increased blood
sugar. This quickly leads to glycosuria or sugar in the urine accompanied
by excessive urination and increased thirst. Since the animal is unable to
use carbohydrates as an energy source, the body attempts to supply
needed energy by the breakdown of protein, which results in nitrogen
loss and body weight loss and the breakdown of fat. Fat breakdown in-
creases the supply of ketone bodies, which are acid, and since the ketone
bodies are now in excess they must be buffered. This taxes the acid-base
balance system, which leads to acidosis and dehydration and, together
with polyuria, results in a loss of electrolytes. If not treated, severe cases
result in coma and death.

167



168 Il « THE DOG * Defecis with Possible Genetic Base

Inheritance and Recommendation

As mentioned above in the human, heredity plays an important role
in the occurrence of diabetes mellitus. In the dog the influence of
genetics is not well documented. It seems reasonable to assume a genetic
relationship may be involved.

Because of the uncertainty of the role of genetics in dog diabetes,
one cannot make an absolute recommendation. Avoid the use of affected
and close relatives of affected animals in breeding programs.
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GOITER

Goiter was found in a family of fox terriers. Clinical signs and
physiopathology were as expected. Since the goiter was found in 6 of 23
offspring from one dam, an indication of a genetic background to the
condition resulted.
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GLYCOGEN STORAGE DISEASE

Glycogen storage disease (initiated by stress) is a rare condition
similar to the von Gierke syndrome in humans.

The condition is confined to pups of the toy breed and usually ap-
pears between 6 and 12 weeks of age.

One observes depression and muscular tremor, signs of vertigo and
incoordination, retraction of the eye, a sunken appearance of the upper
eyelid, coma, a decrease in temperature, and a decrease in blood glucose.

Histopathologic studies reveal glycogen infiltration of the visceral
organs. The hepatic cells are enlarged and the sinusoids compressed while
the epithelia of the renal tubules are swollen with a decrease in lumina.
Some pups had excessive glycogen deposits in the myocardium. There
may be three forms of glycogen storage disease. The first, which includes
most cases, is a generalized disease; second, a von Gierke-like syndrome
resulting from a glucose 6-phosphatase (enzyme) deficiency; and third,
Cori’s disease (limited dextrinosis), a deficiency of amylo-1, 6-
phosphatase.
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Inheritance and Recommendation
Direct evidence for an inherited condition is not given; however,
many of the pups showing the condition were reported to be related.
Without direct evidence of a genetic relationship, specific recommen-
dations cannot be made.
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CHAPTER 17

Urogenital System

CYSTINURIA

Cystinuria is a condition in which (1) cystine is excreted in the urine
due to an anomoly of renal tubular transport of cystine and possibly
other amino acids, and (2) urinary calculi may result because of the in-
solubility of cystine in the urine.

Canine cystinuria accounts for approximately 10% of the urinary
calculi in dogs. The condition appears to be most common in the
dachshund, but occurs in many breeds. The first attack of urethral
obstruction usually occurs between 12 and 3 years of age.

Pathophysiology

Literature indicates that there are two populations of cystinuric
dogs—one with a lysine and cystine defect and one with a cystine defect
only. In vitro studies show the defect to be a renal tubule reabsorption
defect.

Inheritance and Recommendation

The mode of genetic transmission of the disease is presently unclear.
Since the condition does occur more often in certain breeds than others
and since closely related dogs have been reported to have the defect, a
genetically controlled condition is probable. Because the condition has
been reported in males only, it may be a sex-linked trait.

It is difficult to recommend a breeding program for traits suggested
as heritable in some unknown way. However, general procedures to
follow would be as outlined previously, with special consideration for a
sex-linked trait.
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FAMILIAL RENAL DISEASE

A chronic renal disease has been detected in the Norwegian
elkhound. The disease first became apparent at varying ages (8 months to
5 years). Clinical signs are those of renal insufficiency. Uremic dogs ex-
pressed anorexia, depression, weight loss, anemia, and sometimes
polydypsia and polyuria. Dwarfing was also observed.

Pathophysiology

Expressed pathologic conditions varied with the stage of the disease.
The kidneys were small, white, and firm.

A sharply demarcated area of tubular necrosis arranged in a radial
fashion was observed extending through the medulla and cortex. There
were scattered areas with fibrinoid deposits in glomerular capillaries and
tubular lumens. Chronic changes were characterized by atrophy of
tubules, tubular dilation, hyalinization of the glomeruli, and basement
membrane thickening or mineralization, or both.

Inheritance and Recommendation

The mode of inheritance was not established.

Without additional knowledge concerning the means of genetic
transmission, a recommendation could not be made other than the
avoidance of affected dogs and dogs related to an affected dog.
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RENAL AGENESIS
Unilateral renal agenesis (the absence of one kidney) has been
reported in dogs, with most observed cases being found in the beagle.
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If the remaining kidney is functional, no obvious signs would be
noted. In one report the incidence of renal agenesis was found to be 1 in
100 in the beagle.

Pathophysiology
The single kidney appears normal in structure and is approximately
12 to twice the usual size.

Inheritance and Recommendation

In one study beagles showing renal agenesis could be traced to a cer-
tain sire, suggesting a genetic pattern. Dysgenesis (lack of or defectively
developed tissue) and hypoplasia (small kidney, normal structure) have
been reported in dogs. No genetic pattern was given.

Until a definite pattern of inheritance is established, no absolute
recommendation can be made. Do not use affected animals or closely
related animals in a breeding program.
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CHAPTER 18

Skin

BLACK HAIR FOLLICULAR DYSPLASIA

A heritable appendageal dysplasia has been observed in black and
white crossbred littermates. Visible alterations are strictly confined to
black hair coat regions. Other regions of the hair coat appear normal.
Abnormalities include hypotrichosis, fractured stubby hair lacking sheen,
and periodic scaliness of the skin.

Pathophysiology

In affected black hair coat regions, there are irregular distortions
and bridges of hair follicle walls and keratinous blockage of the pilary
canals. It was suggested that a derangement of the neural crest
derivatives was responsible for this condition.

Inheritance and Recommendation
Although affected dogs produced pups in a manner suggesting an in-
herited trait, numbers were not sufficient to suggest mode of inheritance.
Since the condition appears rare, avoid use of affected and related
animals.

REFERENCE

Selmanowitz, V. J., K. M. Kramer, and O. Orentreich. 1972, Canine hereditary black hair
follicular dysplasia. J. Hered, 63:43-44,

BLUE DOG SYNDROME
Chronic papillary dermatitis (inflammation of the skin) accompanied
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by alopecia (hair loss) is observed in blue-colored dogs of various breeds,
such as Doberman, Great Dane, whippet, dachshund, etc.

The condition is believed to be genetically induced. The skin condi-
tion occurs only on the areas where the coat is blue in color; other areas
appear normal. The affected area shows varying degrees of
hyperkeratosis (cornified), manifested by generalized scales. One may
also observe a disorder of the sebaceous-apocrine glands with a resultant
secretion having a disagreeable odor. This type of skin condition may
lead to other secondary conditions.

Pathophysiology

The condition resembles a mild follicular pyoderma. Dermatologic
signs suggest immune complex disorder (ICD). Pathologic studies have
suggested hypoplasia and degeneration of the adrenal cortex with a
resultant adrenal cortisol insufficiency.

Inheritance and Recommendation

Genetic predisposition to ICD may predispose certain dogs to im-
munologic diseases in general rather than to one particular condition. In
this case it would appear that the genetic condition for blue coat may be
in some way linked, and that blue hair area is more sensitive.

The mode of inheritance for such a condition seems complex. At
present no recommendation can be made. Those desiring the blue color
should be made aware of the possible problem. Select for breeding blue
dogs free from the condition.

REFERENCES
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ECTODERMAL DEFECT

Ectodermal conditions resulting in extensive alopecia (lack of hair)
have been reported in whippets, cocker spaniels, and miniature poodles.
Pups were born exhibiting the condition. The pattern of alopecia was
bilaterally symmetrical and included about two-thirds of the body, head,
ventral trunk, dorsal pelvic region, and proximal portions of the limbs.
At times a reddish scaliness and other clinical skin lesions (graying of
skin) were noted.
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Pathophysiology
In the alopecic area there is a distinctive absence of hair follicles,
erector pili muscles, sebaceous glands, and sweat glands.

Inheritance and Recommendation

Based on such limited data one could not suggest a mode of in-
heritance, but in the cases reported the condition did occur only in
males.

No sound recommendation could be made from such limited data.

REFERENCE

Selmanowitz, V. 1., K. M, Kramer, and N. Orentreich. 1970. Congenital ectodermal defect
in miniature poodles. J. Hered. 61:196-99,

HYPOTRICHOSIS (HAIRLESSNESS)

Congenital alopecia is basically a condition of reduced amount or
absence of hair over areas of the dog's body where hair is normally
found. Congenital hairlessness has been reported in miniature poodles
and in one case a whippet. Affected animals are usually males. Loss of
hair was first observed at about 5 weeks of age. Affected pups had dry,
dull, coarse coats, with hair loss initially on the ear, nose, and tail. The
condition was progressive over the remainder of the body.

Pathophysiology

Microscopic examination of the affected area of skin (ear) revealed
slight hyperkeratosis. Hair covering was sparse, but hair follicles were
present. Large accumulations of soft keratin were found mixed with
melanin in the hair canals. Heavy accumulations of melanin were in the
keratogenous zones and in bulbs of the hair follicles, as well as in many
macrophages in the perifollicular stroma. Most cells were prominent in
the perivascular sites. Slight hyperkeratosis was found in the axillary
skin, along with clusters of normal hair follicles and hairs. Melanin was
concentrated in the hair bulbs.

Skin over the dorsolateral lumbar region was slightly hyperkeratotic.
Hair follicles were mostly inactive. Hair canals contained soft keratin
and melanin.

Inheritance and Recommendation
The close relationship of the affected pups suggests some type of in-
heritance. Since the trait was observed only in males of one color, the
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trait could be sex-linked or limited and related to color. Too few dogs
are involved for conclusive evidence as to possible inheritance.

With only limited data given on the possible mode of inheritance,
the only recommendation would be to avoid the use of affected and
related animals in a breeding kennel.
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CHAPTER 19

Other Structures

CALCINOSIS CIRCUMSCRIPTA (CALCIUM GOUT)

Calcinosis circumscripta refers to granulomatous lesions (nodules)
that are primarily calcium salts circumscribed by fibrous tissue. The con-
dition 1s found mostly in the large breeds of dogs such as the German
shepherd (highest incidence), Irish wolfhound, pointer, boxer, Great
Dane, bull terrier, greyhound, Labrador, dachshund, beagle, Sealyham,
and Norwich staghound. The incidence is highest in dogs up to 2 years of
age but this condition does occur in older animals.

The lesions appear as firm, painless nodules in the subcutaneous
tissue, most often on the limbs, and occur especially on the tarsus, foot,
and elbow, as well as in other locations (skin, vertebra, etc.). The
average size of the nodules is 12 to 3 cm in diameter, but some may
reach 10 cm. The lesion may grow slowly. In some cases the skin above
the nodules ulcerates and one observes a chalky, puttylike, white fluid
discharge.

Pathophysiology

The lesion is a subcutaneous tumorlike mass that may be closely
adherent to underlying bony or tendinous structures or to the skin itself.
Tumors may be single or multiple in the same area, or multiple and dif-
fuse. Lesions are attached to underlying structures.

Histologic lesions have been summarized as discrete areas of
mineralized material in an apparently mucinous matrix, surrounded by a
zone of granulation tissue consisting mainly of histiocytes and foreign
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body giant cells. Differences are found among some lesions. Calcinosis
circumscripta involving the feet has been reported only in dogs with renal
disease. This relationship could involve alterations of calcium and
phosphorus.

Inheritance and Recommendation

The exact cause of the condition is not known. Trauma may be in-
volved. However, the condition is usually restricted to large breeds. Also
it is found in closely related animals. It would appear that there is some
heritable basis for the development of the lesion.

No genetic recommendation can be made without more information.
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LARYNGEAL-TRACHEAL COLLAPSE

Laryngeal problems (laryngeal collapse) are most common in
brachycephalic dogs. One observes difficult respiration, mouth breathing,
snoring sounds, etc. Respiratory distress is usually progressive in nature,

Collapsed trachea is reported to be more common in the toy breeds.
Tracheal collapse results in both inspiratory and expiratory distress that
increases following excitement or exercise. In severe cases, a loud, honk-
ing cough accompanies expiration. Secondary cardiac conditions may
develop.

Pathophysiology
Laryngeal collapse results from a negative pressure or partial
vacuum created during inspiration due to stenotic nares, elongation of
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the soft palate, or a combination of the two. First, one finds an eversion
of the lateral laryngeal ventricles. During inspiration the soft palate is
drawn into the lumen of the larynx. This makes inspiration more dif-
ficult and increases the negative pressure. Eventually the larynx is altered
due to the negative pressure, and the soft mucosal lining of the lateral
ventricles (wall of larynx) evert. The everted tissue adds to the already
partially obstructed passageway and results in an additional increase in
negative pressure. The cuneiform tubercles of the arytenoid cartilage lose
their rigidity and are drawn into the laryngeal lumen, with still further
obstruction. The cuneiform tubercles may fold or collapse.

The actual cause of the trachea collapse is not well documented, but
a demineralization of the cartilaginous rings occurs, with a resultant loss
of rigidity. The trachea is soft and flaccid.

Inheritance and Recommendation

A definite genetic pattern for the collapse of the trachea (when and
if inherited) and for the laryngeal problems outlined is not given in the
literature. Laryngeal problems may be in many cases secondary to and
result from the abnormal anatomic structures observed in some breeds.
These structures are under genetic control.

Avoid the use of affected individuals in a breeding program, and use
close relatives initially with caution. For those breeds where abnormal
structure is selected for, choose animals for breeding that show fewer
respiratory disorders.

REFERENCES
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PART III

Abnormalities of the Cat




Section A:

DEFECTS WITH A PROBABLE GENETIC BASE




CHAPTER 20

Cardiovascular System

PATENT DUCTUS ARTERIOSUS

Patent ductus arteriosus is one of the most common shunting lesions
in the cat and involves certain valvular anomalies and septal defects. In
this defect there is a nonclosure of the ductus arteriosus postnatally with
a left to right shunt. A small defect results in the shunting of blood so
that an enlargement of the left ventricle occurs. Auscultation reveals a
continuous murmur over the pulmonic area. The smaller the duct the
louder the murmur and the longer it lasts. Radiographs of the thorax
reveal an enlarged round cardiac silhouette and fluid-filled lungs. An
electrocardiogram shows left ventricular and atrial hypertrophy. The
defect is usually accompanied by an increased oxygen tension in the
pulmonary artery and normal heart pressures unless pulmonary hyperten-
sion develops. The animal will remain acyanotic until pulmonary
hypertension occurs, and when it does occur exercise or stress may cause
cyanosis. The condition is easily detected and can be corrected surgically.

Inheritance and Recommendation

This defect shows a possible genetic cause. In one study two Siamese
kittens from the same litter were affected. In another litter, two of three
kittens sired by a male with patent ductus were affected. The mode of in-
heritance is not certain, however.

Do not use affected animals or their close relatives for breeding pur-
poses.
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ENDOCARDIAL FIBROELASTOSIS

Endocardial fibroelastosis was originally called fetal carditis because
it was thought to be due to an intrauterine infection. Its supposed infec-
tious origin is now rather doubtful so it has been given the descriptive
name of endocardial fibroelastosis. The occurrence of the defect is com-
mon in humans but uncommon in cats. Affected kittens appear normal
at birth but mature slowly, stop nursing, become quiet, and die after a
short illness.

Necropsy often reveals severe dehydration, pulmonary edema, and
cardiac dilation and hypertrophy. The dilation and hypertrophy of the
left ventrical are usually the most extreme, with the endocardium being
thickened and opaque, obscuring the normal muscular markings. Partial
aortic stenosis may also be present.

Microscopic examination often reveals fibroelastosis of the endocar-
dium as well as myocardial hypertrophy.

Inheritance and Recommendation

Evidence suggests that this defect may have a hereditary basis but
this has not been proved. The defect appears to be most common in the
Siamese breed.

Parents of affected kittens and other close relatives should not be
used for breeding.
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CHAPTER 21

Sensory Organs

ABNORMAL VISUAL PATHWAYS

Siamese cats—along with white tigers, pearl mink, and albino rats—
have certain genetic anomalies in which reduced pigmentation is
associated with a congenital abnormality of the central visual pathways.
This abnormality may be associated with crossed and squinted eyes. The
abnormality of the visual pathways has been found in all Siamese cats
examined.

Pathophysiology

The light color of Siamese cats is a temperature-sensitive variant of
the gene that causes albinism. The coat color is pale except for body ex-
tremities. The eyes are blue rather than lacking pigment as in the true
albino, which has pink eyes.

All abnormalities observed are present at birth. Studies show that
this condition is a result of an abnormal organization within the major
retinal pathways. The crossed and squinted eyes appear to be due to the
improper control of the eye muscles and therefore appear to be defects
of the oculomotor system.

Inheritance and Recommendation

Because the abnormal vision is congenital, it appears to have a
genetic cause. It appears that the gene responsible for this kind of
albinism also affects the visual pathways in fetal development. Since so
many species of albino animals have the same ocular defect, probably
one pair of genes with pleiotrophic effects rather than two closely linked
genes, produces albinism and the ocular defect.

185



186 Il ® THE CAT = Defects with Probable Genetic Base

It does not appear that one can breed pure Siamese cats without the
occurrence of these defects.

REFERENCES
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FELINE RETINAL DISEASE

Degeneration of the retina of the eye has been observed in many
species. This disease is frequently observed in the Persian cat and in
some other breeds as well.

Regardless of the cause, early cases of the disease are characterized
by tapetal granularity and retinal vascular thinning. As the disease pro-
gresses, there is a marked increase in tapetal reflectivity and loss of
retinal vessels to a point where they are completely absent and the cats
are blind.

The age of onset of the disease varies with the cause and may be
quite variable. In Persian kittens the opthalmoscopic abnormalities are
present by 10-12 weeks of age; other cases appear after 6-12 months of
age.

Inheritance and Recommendation

In the Persian breed, an autosomal recessive gene is implicated. In
other breeds, the mode of inheritance has not been determined, but in
some cases autosomal recessive genes may also be involved as well as
nongenetic causes.

In cases due to an autosomal recessive gene, affected individuals and
their close relatives should not be used for breeding purposes.
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DEAFNESS
The correlation between white coat color, blue eyes, and deafness in
cats has been known for a long time. Deafness has been observed to be
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associated with similar conditions in other mammals, including the
mouse, dog, and human.

Research has shown that the autosomal dominant gene (W), which
has complete penetrance in producing white fur in the cat, also causes
blue eves and deafness in some but not all cats carrying the gene. The
dominant gene (W) apparently is not related to true albinism. Blue eyes
have been reported to occur in recessive Burmese dilution (c®) and
Siamese dilution (c®) cats. These are alleles at the C locus, which is con-
sidered homologous with albino loci in other species. No unusual in-
cidence of deafness has been reported in such blue-eyed cats.

It has been proposed that homozygous (WW) white cats are more
likely to be deaf than are those that are heterozygous (Ww). Matings
made among white cats show a positive correlation between blue eyes in
the offspring and in their parents. One report suggested that genes con-
trolling blue eyes were independent of those for white fur, but these
genes were able to express themselves phenotypically only in the presence
of the white gene (W).

In one study, 69 of 162 white cats born were deaf in one or both
ears. Only one of 60 pigmented cats tested was deaf.

The syndrome (blue-eyed, white, and deaf) appears to result from a
dominant autosomal gene (W) that is fully dominant with complete
penetrance for the production of white fur, with incomplete penetrance
for deafness, and incomplete dominance for the production of the blue
iris. The common pathway of action of the (W) gene appears to be on
the development of the structures derived from the neural crest.

Inheritance and Recommendation

Autosomal dominant white genes (W) are involved, with pleiotrophic
effects.

In breeding white cats, blue eyes and deafness cannot be avoided in
some. To be avoided it would be necessary to breed pigmented cats.
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FOLDED EARS

The condition of folded ears is known by cat fanciers as ‘‘fold-ear”
cats. These cats have entrancing faces and are greatly admired by cat
lovers. The condition in some individuals is associated with skeletal ab-
normalities of the tail and lower extremities. The most obvious skeletal
defect is a short, stumpy tail about 5% inches long, which is due to a
shortening of the coccygeal vertebrae. Affected cats and kittens walk
slowly with a hobbling gait and tend to stop and lie down on one flank.
Frequently there is an overgrowth of the claws, which curl around and
penetrate the foot pads, causing considerable pain.

Inheritance and Recommendation

The condition is assumed to be heritable, but the true mode of in-
heritance has not been established. The presence of the folded ears alone
is thought to be due to the heterozygous condition, whereas the presence
of both the folded ears and skeletal lesions is thought to be characteristic
of the homozygous animal.

Do not use affected individuals for breeding purposes.

REFERENCES
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FOUR EARS

The condition of four ears is very rare and involves a small extra
pinna on each side of the head. The condition is always bilateral, and
microphthalmia and micrognathia are associated with it.

Four ears appear to affect the physiologic activity and temperament
of individuals, making them less active and more lethargic, although
body size appears to be normal.

Inheritance and Recommendation
This is a simple autosomal recessive trait as shown by mating tests.
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Affected individuals and their close relatives should not be used for
breeding purposes.
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CHAPTER 22

Bones and Joints

SPINA BIFIDA

Most cats possess a long tail, but one breed, the Manx cat, is
unusual because it possesses a short or stumpy tail or the tail is complete-
ly lacking. The mating of Manx with Manx cats produces a
preponderance of tailless cats, but a few have a tail of normal length.
Litter size appears to be lower when Manx x Manx matings are made as
compared to Manx x tailed or tailed x tailed matings. This suggests
that the tailless condition may be at least partially lethal. Further
evidence shows that the Manx factor is sometimes accompanied by
locomotor abnormalities of the hind limbs and fecal and urinary in-
continence,

Pathophysiology

Two Manx kittens with locomotor and fecal and urinary in-
continence were studied. Radiologic examination revealed 7 normal lum-
bar vertebrae, 3 hypoplastic sacral vertebrae, and 3 coccygeal vertebrae
in 1 kitten, but only 1 coccygeal vertebra in the other. Further examina-
tion revealed abnormalities in some of the lumbar vertebrae and very
small sacral segments. Some of the nerves were threadlike and barely
traceable. These conditions apparently were responsible for the abnormal
side effects of the tailless condition.

Inheritance and Recommendation
The tailless condition appears to be due to an autosomal dominant
gene with varied expressivity and possibly incomplete penetrance. Some
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workers have proposed that individuals without tails are homozygous
dominant, whereas those with short or stumpy tails are heterozygous for
the dominant tailless gene. However, the tailless condition appears to be
more complex than this.

The evidence suggests that it is not possible to breed tailless cats
without some abnormal side effects. It is also evident that the tailless
condition does not breed true. If the objective is to produce a breed of
cats without tails, the fact that some of the progeny produced will have
long tails, some short tails and other abnormalities, as well as possible
fetal death losses, makes this impossible. The breeder must accept these
adversities if he is trying to breed such animals.
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POLYDACTYLISM

The cat normally has four digits on each hind foot and five on each
front foot, but cats with more than the normal 18 digits are not uncom-
mon. The number of extra digits in cats is quite variable. The trait is
found in both sexes.

Inheritance and Recommendation

Polydactylism appears to be due to an autosomal dominant gene
with variable phenotypic expression.

Do not use animals showing the trait for breeding purposes.
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CHAPTER 23

Neuromuscular System

CEREBELLAR HYPOPLASIA

Cerebellar hypoplasia appears to be common among neonatal cats
and has been described in the literature on numerous occasions in the
past 80-90 years. It is sometimes called spontaneous ataxia and neuroax-
onal dystrophy. It appears to be similar to abnormalities described in
humans and some domestic animals. It is possible that this condition is
due to more than one basic cause.

Pathophysiology

Symptoms of this disease become evident shortly after birth and are
expressed more severely in some individuals than in others. Affected
animals are unable to maintain normal posture and equilibrium when
standing and show a distinct incoordination of gait. Affected animals
overreach with their paws and have a poor placing reflex. As a rule af-
fected animals fall on their side or backward, although forward falls in a
somersault manner have been observed. Head bobbing or nodding also
occurs. The condition seems to be accentuated when the animals are
blindfolded. Sometimes they show a pupillary reflex, and vision appears
to be impaired. Upon examination the cerebellum appears to be smaller
than normal, with hypoplasia of the granular layer.

In one study, affected kittens were colored similar to the ““lilac’’ col-
or in Siamese cats, but their unaffected littermates were black.

One report indicated that this same condition was a result of an in-
trauterine or perinatal infection of the young by the virus known as
panleukopenia (PLV). The authors induced the condition in kittens by
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intrauterine infections with PLV, and this virus was isolated from the
various organs of affected kittens for considerable periods after birth.
This induced condition appeared to be analogous with rubella infections
in humans.

Inheritance

Some research workers feel that the condition is inherited and it is
possible that inheritance is the basic cause in some instances. In one ex-
periment where affected cats had a coat color similar to the *“*lilac’’ color
in Siamese cats, evidence suggested that both the abnormal color and the
ataxia were inherited as autosomal recessive traits. It could not be deter-
mined if each trait was conditioned by two separate pairs of closely
linked genes, or if both were caused by pleiotrophic effects of one pair
of recessive genes.

Since the condition has also been induced by virus infections, it is
likely that it is not always inherited, although the susceptibility to the
virus may have a genetic base.

Recommendation

Since not all cases of cerebellar hypoplasia are genetic, discrimina-
tion against using affected individuals, their littermates, or their parents
for breeding purposes may not always prevent the disease. If such in-
dividuals and their close relatives are not used for breeding purposes, the
frequency of the inherited condition is reduced. This appears to be the
procedure of choice.
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FELINE TREMORS

Tremors develop first at approximately 2 weeks of age in the af-
fected kittens. The tremors are fine and fibrillary at first but become
progressively more severe and gross until they reach a peak at 7-8 weeks
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of age. They are intensified by movement or excitation. Four affected
cats were raised to adulthood. The tremors were reduced in severity as
these cats matured, but clinical signs and behavioral changes were evi-
dent.

Changes were observed in the nervous system and skeletal muscle
tissue of one affected adult cat. These included neuronal degeneration in
the ventral horns of the spinal cord gray matter with gliosis and in-
creased vascularity. Similar changes occurred in motor nuclei of the
medulla. Muscle fibers varied in size, with an atrophy and basophilia of
sarcoplasm in some fibers.

Inheritance and Recommendation

This is an autosomal recessive trait.

Do not use affected individuals or their close relatives for breeding
pUurposes.

REFERENCE
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HYDROCEPHALUS

Hydrocephalus consists of an abnormal accumulation of fluid in the
ventricles of the brain. The frequency of occurrence is unknown but is
probably rare.

Pathophysiology

At necropsy the lateral ventricles of the brain appear dilated. The
animal shows no response to external stimuli except to the sight of food.
Associated defects include edema of the limbs, harelip, and sometimes
cleft palate.

Inheritance and Recommendation

This is possibly an inherited recessive lethal in Siamese cats.

Parents of affected individuals or their littermates should not be
used for breeding.
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LEUKODYSTROPHY

Leukodystrophy is a neurologic disorder in cats that is accompanied
by a progressive deterioration beginning at approximately 2 weeks of age.
At first the affected kittens have a peculiar piercing cry, and later they
become less aggressive in their competition with littermates during the
nursing period. They also develop a progressive ataxia involving the rear
limbs. Vision impairment occurs early in the course of the disease, and
convulsions have been noted. As neurologic deterioration progresses,
opisthotonos and paralysis of the rear limbs develop. Affected kittens die
by the age of 5-6 weeks.

Microscopic examination shows a severe demyelinating leukoenceph-
alopathy (degeneration of white matter in the brain). Glial cells are
numerous and astrocytes are prominent and enlarged in the areas of
severe demyelination. Glial cell cytoplasmic inclusions appear to be
glycolipid material.

Inheritance and Recommendation

Inheritance is not definitely determined but this disorder is probably
an autosomal recessive trait,

Do not use individuals closely related to affected kittens for breeding
purposes.
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NEURONAL G,,, GANGLIOSIDOSIS

Neuronal G,;, gangliosidosis has been described in both humans and
cats. Between 2 and 4 months of age affected cats become weak, make
slow gains, and show incoordination of the hind legs and a slight tremor
of the limbs and head. Impaired vision and recurring convulsions occur
at about 1 year of age.

Pathophysiology

The progressive motor disability appears to be caused by an exten-
sive neuronal degeneration as a result of the accumulation of G,
ganglioside in the cerebral cortex.

Inheritance and Recommendation
The condition is due to an autosomal recessive pair of genes.
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Close relatives, especially the parents, should not be used for
breeding purposes.
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CHAPTER 24

Digestive System

ESOPHAGEAL ACHALASIA

Achalasia, or the failure of relaxation of the esophagus, has been
reported in cats. Food normally stimulates the muscles of the wall of the
esophagus causing contractions that move the food toward the stomach.
When achalasia is present, the muscles around the opening to the
stomach do not relax and open only when the column of food builds up
in the esophagus in large enough quantities to force its way through the
opening. In affected cats, vomiting may occur and there are varying
degrees of esophageal dilation at different locations. Food is often
regurgitated immediatley after eating. Pneumonia, pulmonary abcesses,
and chronic sinusitis may result from this defect.

It is not a common defect but has been reported by several research
workers.

Inheritance and Recommendation

While not proved, the condition appears to be inherited as an
autosomal recessive trait.

Do not use close relatives of defective individuals for breeding.
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HARELIP

Harelip is a congenital deformity of the upper lip in which there is a
vertical fissure resembling the cleft upper lip of the hare. It i1s not com-
mon in cats, but its occurrence has been reported. It is sometimes
associated with a cleft palate.

Inheritance and Recommendation

Harelip is probably inherited, but the mode of inheritance in cats
has not been determined.

Affected animals should not be used for breeding.
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CHAPTER 25

Endocrine and Metabolic Systems

PORPHYRIA

Porphyria is a metabolic disorder in which excessive amounts of por-
phyrin are secreted in the urine. Porphyrin is an essential part of the
hemoglobin molecule. The condition has been described in several species
of animals and in humans, especially in Afrikaners.

In affected individuals, porphyrins accumulate in bones and teeth,
giving a brownish discoloration. The urine is also reddish to dark brown
and glows red under ultraviolet light.

Inheritance and Recommendation

The condition in cats has been reported to be due to a simple
autosomal dominant gene with variable expressivity.

Do not use affected individuals for breeding.
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Urogenital System

MANX CATS
The Manx breed of cats is thought to have originated on the Isle of

Man. The breed possesses a variety of biologic and morphologic
characteristics, especially the absence of the tail, which easily distinguishes
it from other breeds. The common characteristics of the Manx cat besides
the absence of the tail include disproportionally long hind legs, short back,
large round head, round-shaped rump, and a rabbity humpy gait. Manx
cats showing these characteristics must be completely tailless.

Manx x Manx matings give some kittens with normal-length tails;
some with short tails called ‘‘stumpies’’; others called *‘high-risers,’’ which
have only a mere remnant of cartilaginous material where the tail should be;
and the tailless “‘rumpies,”” which completely lack coccygeal vertebrae.
Some Manx cats develop into show animals and good pets without any
other undesirable characteristics besides those mentioned. The Manx
breeder, however, finds that a fairly large percentage of the kittens he pro-
duces suffers from severe congenital abnormalities that are largely due to
spinal lesions. These have to be culled or destroyed. Since litter size in Manx
X Manx matings is smaller than normal, the gene may be lethal to some in-
dividuals during fetal life.

Inheritance and Recommendation

An autosomal dominant gene is involved, but the inheritance may be
quite complex. Certainly the gene varies in its phenotypic expression.

The breeder of Manx cats must be prepared to accept losses before
birth and after birth associated with defects that accompany the tailless con-
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dition. The elimination of the trait is relatively simple since it is necessary (o
mate only cats with normal tail length to solve the problem.
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CRYPTORCHIDISM

Cryptorchidism is the defect in which one or both testicles are retained
in the abdominal cavity, in the inguinal canal, or in the inguinal ring. Such
testicles are small and atrophied. Unilateral cryptorchids occur more fre-
quently than bilateral cryptorchids.

Inheritance and Recommendation

The condition has been reported to be a simple recessive inherited trait,
but it may be more complex.

Even if the condition is corrected by surgery, affected animals and their
close relatives should not be used for breeding.
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“REX” MUTANT

In ““rex’’ cats the hair of the kittens is wavy and wooly in appearance.
In adults the hair is short, plushlike, and curly. Guard hairs and vibrissae
are absent or abnormal.

Seven ‘‘rex’’ cats have been studied in detail.

Inheritance and Recommendation

Adequate breeding data have been obtained on four animals. All
proved to be due to a simple autosomal recessive gene, but two different loci
seemed to be involved. This shows that a similar phenotypic resemblance
does not guarantee that only one pair of genes is involved.

Do not use affected individuals or their close relatives for breeding.
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TORTOISESHELL (TRICOLORED OR CALICO)

The statement is often made that all tortoiseshell or tricolored cats
(T-C for short) are females. This is not true. On rare occasions (about 1 out
of 3,000), T-C cats are males but many of them are infertile.

The tortoiseshell color often describes a mixture of black and orange
colors blended together rather than in large patches. Orange designates col-
ors ranging from a cream or yellow to a dark orange, sometimes referred to
as red. Black is really meant to be nonyellow and may include gray, blue,
brown, tabby (striped or brindle coat), and black. Calico, or tricolored cats,
possess orange, black, and white hairs, usually with the colors in large
patches. Obviously, tortoiseshell and calico colors may be used inter-
changeably in some instances.

The white color in T-C cats is inherited as an autosomal dominant with
possible polygenic modifying genes. The white color affects the pigmented
colors discussed only when it may mask them if a large amount of white is
present. For this reason, in discussing T-C males, the white color is not in-
cluded. Only the black and orange colors are considered.

Research indicates that the genes for orange and black colors are car-
ried on the X chromosomes. The gene for orange (O) is dominant to the
gene for nonorange (o), whereas the gene for black (B) is dominant to the
gene (b) for nonblack. It has been suggested that the black gene (B) is an
allele of the orange gene (QO), but neither is dominant to the other. If this is
correct, the following gene combinations would be possible in the female
cat:

RpXe OF Xp X o oo black
b e e tortoiseshell or
calico
b 0, U b, SO0, O S orange

It has also been suggested that the genes for black (B) are located on the
autosomes rather than on the X chromosome. If true, the orange gene (O)
carried on the X chromosome may mask the effect of the black gene (B) car-
ried on the autosomes, which means that orange is epistatic to black.

The spots of orange on the black background may be due to the inac-
tivity of one of the X chromosomes in the cells that produce the orange coat
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color, according to the Lyon hypothesis. The inactive X chromosome would
not be the same in all cells of an individual, but one of the X chromosomes
would be inactive (at random) in the various cells. Thus in an individual that
possesses genes for black color but is of genetic composition XX, some of
the cells producing coat color would possess the orange gene (O) and they
would produce an orange spot on the nonorange or black background. In-
dividuals possessing the nonorange gene (0) would produce fur that was
black.

A T-C cat, therefore, should possess two X chromosomes to be this
color and would, therefore, be females since females are XX and males XY.
A probable explanation of T-C males is that they have a chromosome com-
position of X,X,Y, which means they have an extra X chromosome. This
may be the explanation of why many T-C males are infertile.

It has been found that about one-third of all T-C male cats are fertile.
Some chromosome studies of the T-C cat show that some T-C males are
chimeric, or they possess chromosome complements from two genetic
sources or two different fertilized eggs. If the cells from such an individual
that produced the coat colors possessed two X chromosomes (X,X;), the
fur would be T-C, but if the cells that produced the sperm cells were XY, it
is possible normal fertility would occur. This would be the same thing as a
fertilized egg carrying X X, fusing with a fertilized egg carrying X,Y or
XY chromosomes.
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CHAPTER 27

Skin

HAIRLESSNESS

Affected cats have a small amount of hair at birth but this is lost by 2
weeks of age. It is regrown again by 6 weeks and then lost almost completely
by the age of 6 months. Only two types of hair are present. These include
guard hairs and thinner hairs, which may be either dawn or down hairs.
Guard hairs are curved and irregular in diameter.

Close examination shows sparse hairs of deficient types and size in the
adult. The hairs are easily dislodged and the hair bulbs are not well formed.
The skin is thicker than normal.

Forms of hairlessness in cats have been described in several countries of
the world. The occurrence of hairless cats in the United States has resulted
in a breed name of “‘sphinx’’ cats.

Inheritance and Recommendation

Probably all reported types are autosomal recessives. When hairless
cats are mated, they produce only hairless kittens.

To select against the trait do not use hairless cats or their close relatives
for breeding purposes.
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Other Structures

DIAPHRAGMATIC HERNIA

Diaphragmatic hernia occurs in about 1 in 1,000 births in cats. The her-
nia is due to the failure of normal development of all or a part of the
diaphragm with part of the abdominal contents extending into the thorax.
The pericardial cavity is also expanded, and a pericardial hernia may also be
present.

Affected individuals show labored breathing and a double pumping of
the abdominal muscles. Respiratory sounds may be absent in the thorax,
especially in the right side. The condition may be corrected by surgery.

Inheritance and Recommendation
The condition appears to be inherited as a simple autosomal recessive.
Affected individuals and their close relatives should not be used for
breeding purposes.
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Leighton, T. L., and E. P. Steffy. 1972. Successful management and repair of diaphragmatic
hernia in the cat. Feline Pract. 2:40-43.
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Reed, R. A. 1951, Pericardio-peritoneal herniae in mammals with description of a case in the
domestic cat. Anat. Tech. 110:113-19.

UMBILICAL HERNIA

Umbilical hernia is a fairly common defect in which some of the in-
testines protrude through the umbilicus into the skin surrounding it, form-
ing a large knot or bump.

Inheritance and Recommendation

The predisposition to the defect in cats is probably inherited, but in-
formation is lacking to prove this point. In other species such as cattle and
swine, more than one type of umbilical hernia has been described, and dif-
ferent modes of inheritance have been suggested.

Affected individuals and their close relatives should not be used for
breeding purposes.

REFERENCES

Hayes, H. M. 1974, Congenital, umbilical and inguinal hernias in cattle, horses, swine, dogs
and cats: Risk by breed and sex among hospital patients. Am. J. Vet. Res. 35:839-42,
Henricson, B., and S. Bornstein. 1965. Hereditary umbilical hernia in cats. Vet. Bull. 35:453

(abst.).
Howard, D. R. 1973. Omphalocele in a litter of kittens. Vet. Med. Small Anim. Clin. 68:879.
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CHAPTER 289

Cardiovascular System

TETRALOGY OF FALLOT

Tetralogy of Fallot in humans is a congenital defect that includes multi-
ple anomalies of the heart and associated large vessels. It has been described
often in humans and less often in dogs, cattle, and cats. It includes four
defects: (1) a ventricular septal defect; (2) pulmonary arterial stenosis; (3) a
dextraposition of the aorta; and (4) hypertrophy of the right ventricle of the
heart. It is a common cause of cyanosis due to heart disease and is ac-
companied by retarded growth, intolerance to exercise, and episodes of loss
of consciousness (syncope) in affected individuals. Symptoms are the same
in cats as in humans. The Blalock-Taussig operation, which increases the
pulmonary blood flow by shunting blood from the left side of the heart and
diverting it to the pulmonary trunk distal to the pulmonary stenosis,
sometimes helps alleviate the condition but tetralogy of Fallot is often fatal.

Inheritance
Unknown.

REFERENCES

Bolton, G. R., 5. J. Ettinger, and Si-Kwang Liu. 1972, Tetralogy of Fallot in three cats.
JAVMA 160:1622-31.

Bush, M., D. R. Pieroni, D. G. Goodman, R. I. White, V. Thomas, and A. E. James. 1972,
Tetralogy of Fallot in a cat. JAVMA 161:1679-86.

Kirby, D., and A. Gillick. 1974. Polycythemia and tetralogy of Fallot in a cat. Can. Vet. J.
15:114-19.
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PERSISTENT COMMON ATRIOVENTRICULAR CANAL

Two cats were examined and were found to have a persistent common
atrioventricular canal. Both were male domestic short-haired cats about 6
months of age. Both specimens were stunted, emaciated, and lacked
stamina. They also showed signs of congestive heart failure. An examina-
tion of the heart showed a gross defect in the lowermost part of the in-
teratrial septum and the uppermost part of the interventricular septum. The
defecis were associated with a cleft mitral valve.

Inheritance
The condition is rare and is not known to be inherited.

REFERENCES

Liu, Si-Kwang, and 5. Ettinger. 1968. Persistent common atrioventricular canal in two cats.
JAVMA 153:556-62.

Moragules, V. 1943. Persistent common atrioventricular atrium: Report of a case. Arch.
Pathol. 25:123-27,

AORTIC STENOSIS

Aortic stenosis is characterized by a narrowing of the aortic orifice or
of the aorta. The defect may be supravalvular or subvalvular. The condition
may be identified upon examination when there is a harsh systolic ejection
murmur on either the right or left side, or a precordial thrill, or an enlarged
left ventricle. An anomalous aortic valve may also be present. The condi-
tion has been described in several experiments.

Inheritance
Unknown.

REFERENCES

Liu, Si-Kwang. 1968, Supravalvular aortic stenosis with deformity of the aortic valve in a cat.
JAVMA 152:55-59,

Severin, G. A. 1967, Congenital and acquired hearnt disease. JAVMA 151:1733=-36.

Tashpan, R. G., K. M. Das, W. E. Palich, E. L, Hamlin, and D. A. Yarns. 1965%. Studies on
cardiovascular disease in the cat. Ann. N.Y. Acad. Sci. 127:581-605.

PULMONARY STENOSIS

Pulmonary stenosis is an uncommon anomaly in cats in which there is a
narrowing of the pulmonary valve at a subvalvular location. Examination
showed affected animals had a loud systolic ejection murmur and a pre-
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cordial thrill at the pulmonic area. The right side of the heart also showed
hypertrophy. An aorticopulmonary septal defect is sometimes noted.

Inheritance
Unknown.

REFERENCES

Severin, G. A. 1967, Congenital and acquired heart disease. JAVMA 151:1733-36.

Tashjian, R. J., K. M. Das, W. E. Palich, R. L. Hamlin, and D. A. Yarns. 1965. Studies on
cardiovascular disease in the cat. Ann. N.Y. Acad. Sci. 127:581-605.

Will, J. W. 1969, Subvalvular pulmonary stenosis and aorticopulmonary septal defect in the
cal. JAVMA 154:913-16.

PERSISTENT RIGHT AORTIC ARCH

Affected kittens often regurgitate their food soon after it is eaten. This
may be confirmed radiographically after they consume a semisolid barium
meal. The condition is not a common one.

Basically the arch of the aorta develops from the right fourth aortic
arch instead of the left. It crosses the esophagus and trachea, forming a
vascular ring with the base of the heart, the pulmonary artery, and liga-
mentum arteriosum, causing esophageal stenosis with dilation proximal to
the stricture. It can be corrected surgically by severing the ligamentum
arteriosuim.

Inheritance
Unknown.

REFERENCES

Buergelt, C. D., P. F. Suter, and W. J. Kay. 1968, Persistent truncus arteriosus in a cat.
JAVMA 153:548-52,

Douglas, 5. W., R. G. Walker, and M. C. G. Littlewort. 1960. Vet. Rec. 72:91-92.

Hathaway, 1. E. 1965, Persistent right aortic arch in a cat. JAVMA 147:255-59,

Jessop, L. 1960. Persistent right aortic arch in the cat causing aesophageal stenosis. Vet Rec.
T2:46,

Reed, J. H., and H. Bonasch. 1962. The surgical correction of a persistent right aortic archina
cat. JAVMA 140:142-44,

Richmond, B. T. 1968. A case of persistent right aortic arch in the cat. Vet. Rec. 83:169,

Uhrich, S. J. 1963, Report of a persistent right aortic arch and its surgical correction in a cat. J.
Small Anim. Pract. 4:337-38.

ATRIAL SEPTAL DEFECT
Defects of the atrial septum occur in cats, but they are rare. If the
defects are small, only subclinical changes occur. If they are large, severe
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clinical signs and early death may occur. Such defects occur when there is a
persistent communication between the left and right atria through the sep-
tum primum or foramen ovale. Radiograph examinations reveal an en-
larged right ventricle and pulmonary artery as well as pulmonary vascular
congestion.

Inheritance
Unknown.

REFERENCES

Linde-Sipman, J. 5. van de; T.5.A.G.M. van den Ingh; and J. P. Koeman. 1973. Congenital
heart abnormalities in the cat: A description of sixteen cases. Zentralbl. Veterinaermed.
A. 20:419-25.

Severin, G. A, 1967. Congenital and acquired heart disease. JAVMA 151:1733-36.

COMMON TRUNCUS ARTERIOSUS

In common truncus arteriosus the aorta, coronary arteries, and the
pulmonary artery have a common trunk that is above a defect in the ven-
tricular septum. A funnel chest is sometimes associated with the defect. The
defect can usually be identified only at necropsy. It is rare and the cause
unknown.

Inheritance
Unknown.

REFERENCES

Buergelt, C. D., P. F. Suter, and W. J. Kay. 1968. Persistent truncus arteriosus in a cat.
JAVMA 153:548-51.

Linde-Sipman, J. 5. van de; T.5.G.A.M. vanden Ingh; and J. P. Koeman. 1973, Congenital
heart abnormalities in the cat: A description of sixteen cases. Zentralbl. Veterinaermed.
A, 20:419-25,

DEXTRAPOSITION OF THE AORTA

Dextraposition of the aorta is a defect in which there is a displacement
of the aorta to the right. It is rare in occurrence and is identified only at
necropsy. Other defects associated with it include atresia ani, an enlarged
left auricle, a round heart, and absence of ventricular septae and atria.

Inheritance
It is not known if this condition is inherited. It could be due to a virus
infection during early intrauterine development.
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REFERENCES

Linde-Sipman, J. S. van de; T.S.G.A.M. van den Ingh; and J. P. Koeman. 1973, Congenital
heart abnormalities in the cat: A description of sixteen cases. Zentralbl. Veterinacrmed.
AL 20:419-25,

VENTRICULAR SEPTAL DEFECT

Ventricular septal defect shows a persistent communication between
the right and left ventricles of the heart. It is probably a common defect but
is seldom diagnosed because most affected kittens die before weaning.
Several symptoms help diagnose the condition. Affected individuals usually
show labored breathing, a thrill along the sternum, and a pansystolic mur-
mur. Radiographs show an enlarged heart, mainly on the right side.
Hydropericardium and an atrial septal defect usually are associated with
this defect.

Inheritance
Unknown.

REFERENCES

Linde-Sipman, J. S. vande; T.S.G.A.M. van den Ingh; and J. P. Koeman. 1973. Congenital
heart abnormalities in the cat: A description of sixteen cases. Zentralbl. Veterinaermed.
A, 20:419-25,

Mann, P. G. H., J. E. Slock, and J. P. Sheridan. 1971. Pulmonary artery banding in the cat; A
case report. J. Small Anim. Pract. 12:45-48,

Severin, G. A. 1967, Congenital and acquired heart disease. JAVMA 151:1733-34.

MULTIPLE HEART DEFECTS

A combination of congenital cardiac anomalies was described in a 2-
week-old male Siamese kitten. The defects included patent ductus
arteriosus, interatrial septal defect, interventricular septal defect, and
tricuspid insufficiency. The kitten also had an umbilical hernia. Such cases
appear to be quite rare.

The kitten was from a litter of four, two of which were born dead but
were not examined. The kitten appeared normal for the first week then lost
its appetite and showed signs of weakness and difficult breathing. The kit-
ten was slightly smaller than its surviving littermate and was not as active.

Multiple defects were observed in the heart of a 7-week-old Persian kit-
ten. The kitten was smaller than other members of the same litter and was
less vigorous. When examined at 5 weeks of age, a palpable thrill was
observed throughout the ventral portion of the thorax and a strong
““machinery’” murmur was detected by auscultation. Necropsy findings at 7
weeks of age included patent ductus arteriosus, an interatrial septal defect,
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an interventricular septal defect, and an absence of the aortic and
pulmonary valves. It was also noted that the main pulmonary artery and the
aorta originated from the wall of the right atrium.

Inheritance

In the first case, whether or not the condition was inherited was not
determined, but the sire of the litter died suddenly at 2 years of age. The
cause of the sire's death was not determined.

In the second case, whether or not inheritance was involved was not
known since only one case was observed.

REFERENCES

Dear, M. G. 1970. An unusual combination of congenital cardiac anomalies in a cat. J. Small
Amim. Pract. 11:37-43.

Perkins, R. L. 1972, Multiple congenital cardiovascular anomalies in a kitten. JAVMA
160; 1430-31.

SEPTUM MEMBRANACEUM ANEURYSM

Only one case has been described in which necropsy showed that the
blind end of the aneurysm (dilation) was under the septal cusp of the
tricuspid valve. A dilated left ventricle and a smaller left atrium were also
observed.

Inheritance
Unknown.

REFERENCE

Linde-Sipman, J. 8. van de; T.S.G.A.M. van den Ingh; and J. P. Koeman. 1973, Congenital
heart abnormalities in the cai: A description of sixteen cases. Zeniralbl. Veterinaermed.
AL 20:419-25.



CHAPTER 30

Sensory Organs

CATARACT

The crystalline lens or lens capsule is opaque in the cataract defect.
Nuclear cataract is the commonest type and usually is not progressive.
Possible causes of congenital cataracts include intrauterine infections,
radiation, prenatal infections of the eye, and heredity. The condition is rare
in felines, and little is known about genetic causes.

REFERENCES

Peiffer, B. L., and K. M. Gelati. 1974. Cataracts in the cat. Feline Pract. 4:34-38.
Preister, W. A. 1972, Congenital ocular defects in cattle, horses, cats, and dogs. JAVMA
160:1504-11.

COLOBOMAS
Colobomas are defects involving fissures in the iris, choroid, or optic
nerve. They are rare in occurrence and the cause is unknown.

REFERENCE

Bellhorn, R. W., K. C. Barnett, and P. Henkind. 1971. Ocular colobomas in domestic cats.
JAVMA 159:1015-21.

CYCLOPIA
Cyclopia is a congenital defect in which two orbits of the eye are fused
into a single cavity containing one rudimentary eye. In the cat it is usually
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associated with skin and brain anomalies. The condition is rare and the
cause is unknown,

REFERENCE

Caicoti, E. J. 1964, Feline medicine and surgery. Am. Vet. Publ., Wheaton, Illinois.

ECTOPIC LENS

Ectopic lens is an eye defect in cats in which the lens of the eye is
located anteriorly or posteriorly to its normal position. The defect is
sometimes accompanied by glaucoma. It is rare in occurrence.

Pathophysiology
The cause appears due to the incomplete development of the suspen-
sory ligaments of the lens or to the degeneration of the zonular fibers.

Inheritance
It is not known if this condition is hereditary.

REFERENCES

Aquirre, C. D., and S. L. Bistner. 1973, Microphakia with lenticular luxation and subluxation
in cats. Vet. Med. Small Anim. Clin. 68:498-500.
Catcott, E. J. 1964, Feline medicine and surgery. Am. Vet. Publ., Wheaton, Hlinos.

EYELID AGENESIS

Evelid agenesis is a condition in which the outer one-half of one or
both of the eyelids i1s absent. The tarsus, Meibomian glands, and orbicularis
muscles are absent. The eye shows no blink reflex in the portion where the
eyelid is missing. Secondary corneal lesions sometimes occur. It is common
among Persian cats.

Pathophysiology
The condition appears to be due to the failure of the union of eyelid
margins during early embryonic development.

Inheritance
The mode of inheritance is not known.

REFERENCES

Bellhorn, B. W., K. C. Barnett, and P. Henkind. 1971. Ocular colobomas in domestic cats.
JAVMA 159:1015-21.

Roberts, S. R., and S. L. Bistner. 1968. Surgical correction of eyelid agenesis, Mod. Vet.
Pract. 49:40-43.



CHAPTER 31

Neuromuscular System

MENINGOCELE

Only one case of meningocele is described in the literature. A 4-
week-old kitten showed a fluid-filled swelling about 5 ¢m in diameter on
the dorsal portion of the skull.

Pathophysiology

Surgery revealed that the meningocele originated from the junction
of the falx cerebri and tentorium cerebelli. The corpus callosu, septum
pellucidum, and hippocampal commissure were absent.

Inheritance
Unknown.

REFERENCE

Griffiths, [. R. 1971. Abnormalities in the central nervous system of a kitten. Vet. Rec.
89:123-24.

NUCLEAR JAUNDICE (KERNICTERUS)

Neonatal hyperbilirubinemia of the erythroblastic type has been
described in the human and several species of lower animals. A con-
genital nonhemolytic type of hyperbilirubinemia is rare in humans but
has been reported in a strain of rats. A frequent complication of this rare
type is kernicterus, or nuclear jaundice. Kernicterus describes a condition
in which the bile stains the basal nuclei of the brain, and this may lead to
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toxic degeneration of the nerve cells, with resulting disabilities. The con-
dition has been described in a kitten. The kitten was one in a litter of
four and became ill at the end of the second week. It cried constantly
and was reluctant to move for long periods of time. At necropsy, intense
yellow discoloration was found in a number of subcortical masses of
gray matter. Upon microscopic examination it was found that there was
a widespread nerve cell necrosis, with bilirubin staining of some necrotic
cells.

Inheritance
Not determined.

REFERENCE

Tryphonas, L., and B. Rozdilsky. 1970. Nuclear jaundice (kernicterus) in a newborn kitten.
JAVMA 157:1084-87,



CHAPTER 32

Digestive System

ANODONTIA

One case of anodontia has been reported where a cat showed a com-
plete lack of teeth. This condition is very rare and the cause has not been
determined.

REFERENCE
Elzay, R. P., and K. D. Hughes. 1969. Anodontia in a cat. JAYMA 154:667-70.

CLEFT PALATE

Cleft palate, a condition in which there is a median cleft in the
palate, has been reported in Siamese cats. Affected kittens are unable to
nurse and, when examined, the condition may be diagnosed. The cleft
palate condition may be accompanied by the presence of a harelip.

Inheritance and Recommendation

The condition is probably inherited since it appears in certain
families. The mode of inheritance is unknown. The chromosome comple-
ment of affected kittens is normal.

Affected animals and their close relatives should not be used for
breeding.
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Loevy, H. T. 1974. Cytlogenic analysis of Siamese cats with cleft palate. J. Dent. Res.
53:453-56.

Loevy, H. T., and V. L. Fenyes. 1968. Spontaneous cleft palate in a family of Siamese
cats. Cleft Palate J. 5:57-60.

MEGACOLON

Megacolon is a condition that results in the dilation, elongation, and
hypertrophy of the colon of the cat. The myenteric plexus is also absent.
Chronic constipation, distention of the abdomen, anorexia, and general
malaise are characteristic features. Large masses of fecal material ac-
cumulate in the colon. The condition may be corrected surgically by a
resection of the gut. The condition is rare and the etiology unknown.

REFERENCE

Yoder, J. T., L. R. Dragstedt, and C. J. Starch. 1968, Partial colectomy for correction of
megacolon in a cat, Vet. Med. Small Anim. Clin. 63:1049-52.
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Urogenital System

HERMAPHRODITISM

Hermaphroditism is a rare condition in which some of the reproduc-
tive organs of both sexes are present in the same individual. In the cat
this condition is one in which there is an ovotestis on one side and a
testis on the other. It is due to improper differentiation of the gonads in
the embryo. It is not known if this condition is inherited. It may be due
to an accident of development.

REFERENCES

Bloom, F. 1954, Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.
Harman, M. T. 1917. Another case of gynandromorphism. Anat. Rec. 13:425-33.

HORSESHOE KIDNEY

Horseshoe kidney is due to a symmetrical fusion of the kidneys,
usually at the caudal pole and across the midline by means of a thin
fibrous cord or band of renal tissue. The fusion occurs early in fetal life
and is generally diagnosed radiographically or at necropsy. Vascular ab-
normalities may also accompany the defect. The occurrence of this defect
is not common and the cause i1s unknown.

REFERENCES

Bloom, F. 1954. Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.
Johnson, C. E. 1914, Pelvic and horseshoe kidneys in the domestic cat. Anat. Anz.

46:69-78.
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Story, H. E. 1943. A case of horseshoe kidney and associated vascular anomalies in the
domestic cat. Anat. Rec. 86:307-19,

PELVIC KIDNEY

The pelvic kidney is a condition in which the kidney has been
displaced to the pelvic region due to an abnormal migration of the
precursor of the kidney early in embryonic development. The kidney is
also abnormal in shape; vascular abnormalities accompany the condition.
The abnormal kidney is subject to hydronephrosis, pyonephrosis,
pyelonephritis, and calculi. The abnormal kidney may be mistaken for an
abscess, tumor, or some other foreign body when palpated. The condi-
tion is rare and the cause unknown.

REFERENCES

Bloom, F. 1954, Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.
Johnson, C. E. 1914. Pelvic and horseshoe kidneys in the domestic cat. Anat. Anz.
46:69-78.

PERSISTENT URACHUS

The urachus is a canal, or tube, within the allantoic stalk that con-
nects the bladder and the umbilicus during embryonic development.
After birth it normally loses connection with the umbilicus and is drawn
downward toward the bladder. The failure of the allantoic stalk to shrink
and stop functioning after birth has been described in the cat. The
urachus may be patent and may leak urine outside the body or within the
abdominal cavity. It may also remain patent and nonfunctional in later
life. The condition is indicated by abdominal distention, but it may be
surgically corrected. The liver in affected individuals may be cystic. The
condition is rare and the cause is unknown,

REFERENCES

Hansen, J. S. L. 1972, Patent urachus in a cat. Vet. Med. Small Anim. Clin. 67:374-81.
Scherzo, C. 5. 1967, Cystic liver and persistent urachus in a cat. JAVMA 151:1329-10.

POLYCYSTIC KIDNEY

In polycystic kidney, multiple cysts replace the renal parenchyma,
and they are usually bilateral. The condition is associated with a cystic
liver, a cystic pancreas, and perirenal hygroma. Affected individuals have
a poor appetite and gradually lose weight. Anemia often occurs and the
affected individuals have an abnormal thirst and show polyuria and a
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terminal uremia. The condition occurs embryologically because of the
failure of the collecting tubules of the kidney to unite with the con-
voluted tubules. The condition is common in occurrence but the cause is
unknown.

REFERENCES

Battershell, D., and J. P. Garcia. 1969. Polycystic kidney in a cat. JAVMA 154:665-66.
Bloom, F. 1954, Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.

UNILATERAL FUSED KIDNEY

The fusion occurs in the embryo and is an assymetrical fusion caus-
ing the kidneys to appear as a disc or the shape of a dumbbell. The cause
of the condition is unknown, and it is rare in occurrence.

REFERENCE

Bloom, F. 1954. Pathology of the dog and cat. Am. Vet. Publ., Evanston, llinois.

UNILATERAL RENAL AGENESIS

Unilateral renal agenesis is the absence of a kidney on one side,
usually the right side. The remaining kidney undergoes compensatory
hypertrophy. Abnormalities accompanying this defect include uterus
unicornis (uterus with one horn), atretic vagina in females, and the
absence of the vas deferens in the male. There may be an absence of
ureters and renal blood vessels. Unilateral renal agenesis occurs in early
embryonic life because of the lack of development of one urogenital
ridge. The condition is common and occurs more often in males than in
females. It is not known if inheritance is involved.

REFERENCES

Bloom, F. 1954, Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.

Mack, C. O., and J. H. McGlothlin. 1949. Renal agenesis in the female cat. Anat. Rec.
105:445-50,

Reis, R. H. 1966. Unilateral urogenital agenesis with unilateral pregnancy and vascular ab-
normalities in the cat. Wasmann J. Biol. 24:209-22.

UNILATERAL RENAL HYPOPLASIA

Unilateral renal hypoplasia is a rare defect in which one kidney is
small, with reduced parenchyma, and abnormal glomeruli and tubules.
Cysts and interstitial fibrosis, or calcification, may also be present. The
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pelvic ureter and renal blood vessels of the hypoplastic kidney are small
and poorly developed. The cause is probably an arrest in the develop-
ment of the mesonephros in the embryo. It is not known if inheritance is

implicated.

REFERENCE
Bloom, F. 1954. Pathology of the dog and cat. Am. Vet. Publ., Evanston, Illinois.
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Skin

CUTANEOUS ASTHENIA

Cutaneous asthenia is a rare condition in cats in which the skin is
thin, weak, and fragile, and the individual is subject to recurrent lacera-
tions and abscesses. The affected cat becomes emaciated and has pale
mucous membranes. The skin is thin and velvety to the touch and is
hyperelastic. The condition is accompanied by anemia and enteritis. The
dermis and epidermis of the skin are thin and irregular and the dermis is
fragmented.

Inheritance and Recommendation
This condition is possibly inherited but the mode is unknown. Af-
fected individuals should not be used for breeding.

REFERENCE

Scott, D. V. 1974. Cutaneous asthenia in a cat resembling Ehler's-Danlos syndrome in
man. Ver. Med. Small Anim. Clin. 69;1256-58.

EPITHELIOGENESIS IMPERFECTA

Imperfect skin development in one litter of Siamese kittens has been
reported. The condition was accompanied by linear ulcers of the tongue.
A histologic examination showed a thinning and the loss of epithelium.

Inheritance
No evidence that heredity was involved was reported, but the same
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condition has been reported as hereditary in other species such as cattle
and sheep.

Affected individuals should not be used for breeding.

REFERENCE
Munday, B. L. 1970. Epitheliogenesis imperfecta in lambs and kittens. Br. Vet. J. 126:47.
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Other Structures

PULMONARY TRUNK HYPOPLASIA

Pulmonary trunk hypoplasia is a rare defect in the cat and is due to an
extreme reduction in the size of the pulmonary trunk. Clinically it is
characterized by difficult breathing. Necropsy reveals an enlarged heart
with dilation of the right side. A left rather than a right precava is present.

Inheritance
Unknown.

REFERENCE

Linde-Sipman, J. S. van de; T.S.G.A.M. van den [ngh; and J. P. Koeman. 1973. Congenital
heart abnormalities in the cat: A description of sixteen cases. Zentralbl. Veterinaermed.
AL 20:419-25.

INTERNAL BRANCHIAL FISTULA

Internal branchial fistula is a rare condition characterized by a fistula
that opens into the pharynx and originates from the second branchial arch.
There is a sac in the tracheal areas of the lower neck. The cause is unknown.

REFERENCE

Miskowiec, J. F., G. H. Hankes, H. N. Hankes, Jr., and J. E. Bartels. 1974. Internal bran-
chial fistula in a kitten. Vet. Med. Small Anim. Clin, §9:259-63,
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INGUINAL HERNIA

Inguinal hernia is a rare defect in which the gut protrudes into the in-
guinal canal. The cause in cats is unknown, although in some species of
animals it is reported to be hereditary.

REFERENCE

Hayes, H. M. 1974. Congenital umbilical and inguinal hernias in cattle, horses, swine, dogs,
and cats: Risk by breed and sex among hospital patients. Am. J. Vet. Res. 35:839-42.
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CHAPTER 36

Hemopoietic and Lymphatic Systems

NASAL BLEEDING

MNasal bleeding has been reported in the English Thoroughbred. The
earliest case reported was in a foundation sire, Herod, foaled in 1748.
Humorist, who won the English Derby in 1921, died 17 days after the race
with this condition. An extensive survey located 185 animals with nasal
bleeding, and it was the cause of deathin 17.

Pathophysiology

The blood has normal clotting properties in affected individuals so it
differs from the hemophilic condition found in dogs and swine. The
bleeding is caused by thin, fragile blood vessels that have a tendency to
burst under stress. Those blood vessels in the nasal mucosa are the most
likely to be affected.

Inheritance and Recommendation

The mode of inheritance appears to be recessive.

This condition is of little importance to the practical breeder because it
has been reported only in English Thoroughbreds. It does point out the
fact, however, that certain animals that are valuable for one purpose may
also possess detrimental genetic factors that lower their value for another.
Affected animals and their close relatives should not be used for breeding.
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IMMUNODEFICIENCY

A fatal genetic disease that is due to a combined (B- and T-lymphocyte)
immunodeficiency in Arabian foals has been reported. Foals suffering from
these deficiencies are susceptible to a variety of infections at an early age
after the supply of antibodies obtained from the colostrum disappears. The
majority of deaths in these foals are due to adenoviral infections.

Pathophysiology

Immunologic responses are mediated by at least two distinct antigen-
sensitive lymphocyte populations. Both populations originate from the stem
cells in the bone marrow. One population representing 60%-80% of the
total lymphocytes in the blood are called T lymphocytes because they ap-
pear to undergo maturation in the thymus. The T lymphocytes are responsi-
ble for cell-mediated immunity but in the production of some antibodies
they cooperate with B lymphocytes. In general the B lymphocytes account
for the remainder of the lymphocytes in the blood. The B lymphocytes are
distinguished by the presence of immunoglobulin on their surface. In some
cases B lymphocytes may be stimulated by T lymphocytes to undergo blast
formation leading to the production of antibodies. The lack of the com-
bined action of B and T lymphocytes is the defect described in Arabian
foals.

The foals usually receive the normal complement of antibodies from
the mother’s colostrum, but this type of immunity is passive and the foal
later depends on its own antibody production to overcome disease. Some
foals die because they do not possess the genetic mechanism to produce the
combined B- and T-lymphocyte reaction and thus do not produce the an-
tibodies to fight certain infections.

Inheritance and Recommendation

The condition appears to be an autosomal recessive, which means that
two normal carriers of the recessive gene will be expected to produce one
out of four foals that have this deficiency.

Affected individuals have very low lymphocyte counts in the blood and
there appears to be no detectable immunoglobulin M in the blood of af-
fected foals. The presence of this defect in foals should be determined by
the appropriate tests, and the mating of two normal carriers of the defective
gene should be avoided.
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HEMOPHILIA

Hemophilia is a condition in which the blood does not clot in the nor-
mal manner. Several factors are involved in the blood-clotting mechanism,
but so-called true or classic hemophilia in the horse is usually considered to
be due to a deficiency of factor VIII.

True hemophilia in Thoroughbreds was first described in a foal in
Great Britain, and later two hemophilic foals related to the first were found
and their blood studied. Three other equine cases of true hemophilia have
been described in standard breeds: two in Australia and one in the United
States. These cases were observed in male foals unrelated to each other and
were not related to those described in Great Britain. Therefore, this condi-
tion seems to be quite rare.

Foals appear to be normal at birth but within a few days they develop
hematomas on various parts of the body. One foal developed several small
hematomas on its back where it had been bitten by its mother.

Laboratory tests show the condition due to a deficiency of factor VIII.

Inheritance

Studies in Great Britain indicate the condition is caused by a sex-linked
recessive gene. This is the same mode of inheritance found in humans and
dogs.

Recommendation

Because it appears to be a rare condition in horses, it should seldom be
encountered in actual practice. If this condition does occur, the mother of
the foal is a carrier of the recessive gene and would be expected to transmit
the gene to one-half of her offspring; therefore, she should not be used for
breeding purposes. Close female relatives such as the affected mare's
daughters and her full sisters should also be discriminated against for
breeding purposes.

A normal stallion producing an affected foal would not be a carrier of
the defective gene because if he possessed it he would be a bleeder. Since he
transmits his X chromosome to his daughters and his Y chromosome to his
sons he would never transmit this recessive gene to his son.
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HEMOLYTIC DISEASE

Hemolytic disease is also referred to as hemolytic icterus. It has been
observed in foals shortly after birth following the consumption of the colos-
trum of the mother. It is characterized by a jaundice resulting from the
destruction of red blood cells in the peripheral bloodstream. Unlike
erythroblastosis fetalis in the human, the foal is not affected at birth, but it
has to obtain the antibodies from the colostrum before the jaundice is pro-
duced. Death usually follows in a few hours unless the foal is properly
treated. Hemolytic disease is relatively rare, however, in horses.

Pathophysiology

Mares that produce icteric foals possess antibodies against the
erythrocytes (red blood cells) of the stallions to which they have been
mated. If the mare carries a foal with the same antigens in its red blood cells
as its sire, she may produce antibodies against these antigens. The mare ap-
parently becomes sensitized when in some manner some of the erythrocytes
of the foal or a portion of them enter the bloodstream of the mare. This
causes the mare to build antibodies against these antigens. When sensitivity
in the mare is great enough, she produces antibodies and secretes them in
her colostrum. The foal is born normal, but when it consumes the erythro-
cyte-destroying antibodies in the colostrum of the mare, its red blood cells
are destroyed, it becomes jaundiced, and the blood becomes a light yellow.

The large majority of first hemolytic foals are produced by a mare dur-
ing her fourth to seventh pregnancies. Once the mare is sensitized against
the antigens she is more likely to produce affected foals in later pregnancies.
The disease does not occur in every incompatible pregnancy or the frequen-
cy of the disease would be much higher than it now appears to be. If the sen-
sitized mare is mated to another stallion whose blood is compatible with
hers, the resulting foals may not be affected.

Inheritance

Hemolytic disease has a hereditary basis. The mare that produces an
icteric foal does not possess the antigens causing the disease on her
erythrocytes, but she can produce antibodies against them if her blood is ex-
posed to them. The lack of the antigens on the red blood cells appears to be
a recessive trait. A mare that becomes sensitized is homozygous negative or
(--). The stallion, on the other hand, possesses the antigens that react with
the antibodies of the mare, and the presence of the antigen is dominant to
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the lack of it. Thus the stallion can be heterozygous dominant for the genes
producing the antigens (/-) or homozygous dominant (//).

Recommendation

The disease has been thoroughly researched and several procedures for
preventing its occurrence, or for treating it, have been developed. Before a
mating is made, the blood serum of the mare can be mixed with the
erythrocytes of the stallion in the laboratory to determine if they are com-
patible. If they are, the erythrocytes of the stallion will not be destroyed and
such a mating should not produce an affected foal. If the blood of the mare
and the blood of the stallion are incompatible, however, as shown by the
destruction of the erythrocytes of the stallion when they are mixed with the
blood serum of the mare, such a mating is not advisable.

Even if the blood of the foal and the blood of its dam are incompatible,
the foal is not affected in the uterus. It is not affected until it receives the
antibodies from its mother’s colostrum.

If a foal that might be susceptible is born, it should not be allowed to
nurse its mother until it is determined whether its erythrocytes are compati-
ble with the antibodies in its mother’s colostrum. This can be determined by
mixing the blood of the foal with the colostrum of the mother. If the test in-
dicates they are compatible, the foal may be allowed to nurse its mother. If
the test indicates they are incompatible, certain precautions are necessary.
The foal should not receive its mother’s milk for at least 48 hours after it is
born. After that time the foal no longer absorbs antibodies through its gut
into its bloodstream, although there may be some exceptions to this time
limit. In the meantime the mare should be hand milked to remove the colos-
trum from the udder. The foal may then be returned to its mother with
much less chance of developing the hemolytic disease.

While it is kept away from its mother, the foal should receive colos-
trum from a nurse mare or from some other source that does not carry the
destructive antibodies. Some also recommend that antibiotics should be ad-
ministered to the foal during this period.

Once the foal has developed the disease, the treatment recommended is
to remove some of the blood of the foal and replace it with a similar amount
of blood from a compatible donor. Equipment for a two-way blood ex-
change transfusion has been developed.
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CHAPTER 37

Sensory Organs

ANIRIDIA

Aniridia refers to the condition where the irises of the eyes are miss-
ing. In one report the irises of both eyes were entirely lacking at birth,
and cataracts developed in the lens 2 months after birth.

Aniridia and the associated cataracts caused reduced vision in most
foals. With advancing age most of the affected individuals became totally
blind, and while some could see, their vision was abnormal.

Aniridia was noted in 65 of 143 Belgian horses that were the prog-
eny of a single Belgian stallion on the Swedish island Oland. All the
dams to which he was mated were normal in vision. The stallion himself
was affected but was not completely blind. The condition was not noted
in other Belgian horses in the area.

Inheritance

A genetic analysis proved the defect to be in full agreement with the
assumption that it was caused by an autosomal dominant gene with com-
plete penetrance. The ratio of affected to normal offspring fit this
assumption and normal daughters of this stallion when mated to stallions
with normal vision always produced normal offspring.

The stallion’s sire and dam apparently had normal eyesight. It ap-
pears that the gene arose from a mutation in the gametes of either his
sire or dam.

Recommendation
This condition is rare, having been reported only once in the
literature. Discarding all defective individuals should eliminate the gene.

237



238 IV o« THE HORSE: Defects with Probable Genetic Base
REFERENCE

Eriksson, K. 1955, Hereditary aniridia with secondary cataract in horses. Nord. Vet. Med.
7:773-93,



CHAPTER 38

Bones and Joints

MULTIPLE BONE DEFECTS IN SHETLANDS

Fifty ponies were studied from 1961 to 1967. Foals were small com-
pared to normal animals of the same age. The head proportions were
normal except the ears, which were usually very stubby. The back was
abnormally long and the legs short. The front legs always showed a very
short arm and forearm (humerus and radius). Sometimes the junction be-
tween the shoulder and the trunk was rather loose, causing a forward
and slightly outward position of the point of the shoulder. The foals
were often knock-kneed and the front feet showed a toe-out position. In
some cases ankylosis of the pastern and pedal joints occurred. Severe
malformations of the feet with buckled hooves also occurred. The hind
legs were usually less affected but sometimes were cow hocked and sickle
hocked.

Inheritance and Recommendation

All affected animals were born of normal-appearing parents. An af-
fected stallion mated with five affected mares produced nine foals show-
ing the malformations. Five apparently normal offspring were produced
by mating affected mares with a normal stallion. It was proposed that
the condition was caused by an autosomal recessive gene with complete
penetrance but with varied expressivity.

Affected individuals and their close relatives should not be used for
breeding.

REFERENCE

Hermans, W. A. 1970. A hereditary anomaly in Shetland ponies. Netherland J. Vel. Sci.
1:55-63.

239



240 IV » THE HORSE: Defects with Probable Genetic Base

FLEXED FORELEGS

The condition of flexed forelegs has been described at least twice in
the literature. The two lower joints of the forelegs were rigidly flexed,
with the smaller than normal hooves bent under. The hind legs were nor-
mal. Sometimes only one leg was affected. The occurrence of the condi-
tion appears to be rare.

Pathophysiology
Foals are born with this condition and are usually so badly crippled
that they cannot nurse and have to be destroyed within 2 or 3 days.

Inheritance and Recommendation

The condition is probably recessive, but more work needs to be done
to obtain definite proof.

No treatment of the legs is possible. It is best not to remate
normal parents that produce such a foal, and if at all possible
they should be culled from the herd because they are probably
carriers of the recessive gene for this trait.
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LIMB DEFECT

Menzin, an Anglo-Arabian stallion with three quarters of Arabian
blood, was used in a Polish stud and sired 26 foals, 8 of which had
defects of the forelimbs. One or both forelegs of the defective foals had
crooked, immobilized phalanges and underdeveloped shortened hooves
resembling small apples. Other hooves were normal. Some of the foals
had to be destroyed and others could not nurse without help.

A more severe form of leg defect has been reported in which there is
an absence of the foreleg (abracia). The pedigrees of 8 affected in-
dividuals were similar and 4 foals were by the same sire.

Both of these conditions are rare in occurrence.

Pathophysiology

A necropsy examination of the limb defect showed an apparent lack
of synergistic balance between the flexor and extensor muscles of the
limb, with atrophy of muscles higher up on the limb. The absence of a
limb probably was due to the failure of cells in the embryo to divide nor-
mally and form this part of the body.
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Inheritance and Recommendation

The evidence suggests that these are two different defects determined
by two different pairs of genes. Both, however, appear to be due to
recessive autosomal genes.

Inbreeding should be avoided and affected foals and their parents
should not be used for breeding.
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PARROT MOUTH

In one stud, 15.65% of the dams had parrot mouth and the defect
occurred in 25.6% of the foals. In another stud, 20.1% of the foals were
affected. The condition seemed to be recessive in its mode of inheritance.
However, in another study it appeared to be a dominant. Affected in-
dividuals should not be used for breeding.
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CHAPTER 39

Neuromuscular System

TORTICOLLIS (Wryneck)

Torticollis is a persistent and involuntary condition in which the cer-
vical muscles are contracted, resulting in a twisted neck and unnatural
position of the head. Torticollis is fairly common in horses, but it is
usually seen in animals that are several weeks of age and is due to
muscular spasms, nerve paralysis, or fracture of the vertebrae. A lethal
congenital form of this condition also occurs but is quite rare.

Pathophysiology

Although it is known that the condition is due to the contraction of
the neck muscles, the actual physiologic cause for abnormal contraction
is not clear.

Inheritance and Recommendation

The congenital form is probably an autosomal recessive trait. In one
report, 16 foals showing this trait were inbred and traced to the same
stallion. When the condition is observed as the result of an injury, it is
probably not due to heredity.

When the condition is congenital, the homozygous recessive in-
dividuals are eliminated because it is lethal. Parents of such an individual
would be carriers and should be culled and inbreeding avoided.
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WOBBLES

American workers have given the name ‘‘wobbles’ to a syndrome of
anomalies that primarily affect the central nervous system. This syn-
drome appears to be identical to one reported in Europe known as
“idiopathic hip lameness.”” Over 200 cases of wobbles have been
reported in Kentucky, and it is found in American Saddlebreds, Stand-
ardbreds, and draft breeds. It is seen in horses from 3 months to 3 years
of age. It is characterized by an irregularity of the gait, first evident in
the movement of the hind legs (ataxic, bilateral incoordination). The
symptoms become more severe with the passage of time and may become
s0 severe that affected individuals require help to get to their feet from a
recumbent position. Usually affected individuals are able to stand once
they are on their feet.

Pathophysiology

From necropsies performed at the Kentucky Agricultural Experiment
Station it was found that 15% of the affected individuals showed major
gross lesions of the nervous system, 35% minor gross lesions, and 50%
exhibited no lesions whatsoever.

Inheritance and Recommendation

Breeding records suggest that wobbles is a recessive trait, but not all
wobbler x wobbler matings produce wobbler offspring. This would in-
dicate that the recessive gene for this trait has incomplete penetrance.
Foreign workers believe the predisposition for the condition is inherited
rather than the condition itself. Some also feel that the condition can
result from a number of different processes.

Affected animals should not be kept for breeding and it would be
advisable to discard parents of an affected offspring.
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HEREDITARY FOAL ATAXIA

Hereditary foal ataxia has been described only in a German breed of
horses, the Oldenberg. Close observation from 1938 to 1948 found 40
male and 30 female foals affected, with 56 of these traced to the same
stallion.

Symptoms of the defect appear 3-8 weeks following birth. The af-
fected animals show a failure of muscular coordination or irregular
muscular action. Affected individuals stop in the middle of a forward
movement, totter, step backward, and go down on their knees and are
unable to rise. They also characteristically throw back their heads. Death
occurs within 8-14 days after the symptoms first appear.

Pathophysiology

A histopathologic examination of the brain has shown a shrinkage
of ganglial cells in certain areas. A ganglion generally refers to neurons
containing enlargements of the peripheral nerves. If these cells are
located in the central nervous system, perhaps one should substitute
“‘neuron’’ for ‘‘ganglial cells.”

Inheritance and Recommendation

The mode of inheritance seems to be a simple autosomal recessive.
Affected individuals and their close relatives should not be used for
breeding.
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CEREBELLAR HYPOPLASIA AND DEGENERATION

Cerebellar hypoplasia and degeneration are characterized by the in-
ability of the animal to control accurately the range of movement in
muscular acts (dysmetria), with overreaching (hypermetria) and, fre-
quently, paddling. Head tremor in a lateral or vertical plane develops in
most affected animals and becomes more intense when they are excited.
Usually the affected animals stand with their forelegs wide apart. Symp-
toms of the disease usually appear at 4-6 months of age. The disease
seems to be limited to Arab or part Arab horses.
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Pathophysiology

Autopsy and histopathologic findings wusually show no gross
cerebellar atrophy, but histologic studies show a marked reduction in
Purkinje cells in the cerebellum, with a mild to moderate thinning of
granular and molecular layers.

Inheritance and Recommendation

Heredity appears to be involved, but the mode of inheritance has
not been determined. In one study pedigrees of affected foals showed in-
breeding with many common ancestors. Since cerebellar hypoplasia and
degeneration appear to be limited to the Arab breed, heredity is probably
involved. It is also possible that virus infections may be involved and
may be predisposing factors in the occurrence of the disease. Cerebellar
degeneration has been reported in cats, dogs, cattle, and sheep and ap-
pears to be hereditary in some of these species.

Although the condition in horses has not been proved to be
hereditary, it would be advisable to cull affected animals and avoid using
parents of affected offspring for breeding purposes.
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CHAPTER 40

Digestive System

ATRESIA COLI

Atresia coli is a closure or lack of complete development of the
ascending colon in the region of the pelvic flexure. The same condition
occurs in other species of livestock as well as in humans.

This condition was observed in the inbred descendants of the Per-
cheron stallion, Superb, imported into Japan from Ohio between 1880
and 1890.

Pathophysiology

Closure of the colon, unless successfully operated upon to alter the
obstruction, can result in the death of the individual shortly after birth
due to the inability to defecate. In the horse the condition has been
reported to be associated with the presence of glioma of the brain, which
is a tumor of connective tissue cells of the nervous system. It has also
been reported to be associated with hydrocephalus, an abnormal ac-
cumulation of fluid in the cranial vault. The genetic association of atresia
coli with these two conditions is not clear.

Inheritance and Recommendation
The mode of inheritance seems to be a simple autosomal recessive.
Atresia coli is usually of little importance to the practical breeder. In
some species the condition may be caused by virus infections in the
mother during the early part of pregnancy, which affects the normal
development of the fetus. The same may also be true in horses. In such a
case the trait would not be inherited.
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CHAPTER 41

Urogenital System

TWINNING

Some may not consider twinning in horses as a defect but in many
cases it 1s more serious than a disease. The reason for this is that many
twin pregnancies result in abortions usually between 7 and 9 months of
pregnancy. Even when carried to near term, twins may cause dystocia,
which often results in the death of the young and sometimes in the death
or eventual destruction of the dam. Although twinning probably should
not be classed among the lethals, it is an important source of economic
loss to the horse breeder.

American data show a 1.72% twinning rate in Belgians and a 4.37%
twinning rate in Percherons. In Europe, a study of 39,436 animals of the
Rhenish breed found a twinning rate of 1.12%. In one stud, percentages
for twinning were 2.34%, 3.13%, and 5.34% for three different family
groups.

Pathophysiology

Twinning in horses is mostly due to the ovulation of two or more
eggs during a single estrous period. The usual ovulation in mares pro-
duces a single ovum, but an overproduction of follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) or a greater response of the
ovary to the stimulation of the gonadotrophic hormones may be respon-
sible for more than one egg being produced by the ovary in a given heat
period.

Identical twins resulting from the division of a single fertilized egg
may also occur in horses. The percentage of identical twins in horses is
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not definitely known. About 5%-8% of all twins in cattle are identical
and probably a similar percentage could be expected in horses.

Inheritance and Recommendation

Research leaves little doubt that twinning is inherited because it oc-
curs much more frequently in some families than others. Some work sug-
gests that twinning in horses is due to a single recessive gene, but it is
also possible that more than one pair of genes (polygenes) are involved.
Environmental factors such as a high level of nutrition and a productive
age, neither young or old, may also be predisposing factors.

Some horse breeders discriminate against mares or family
lines that produce twins, since twinning is inherited and is of
economic importance due to the high death losses in twin foals.
Twinning probably does not occur often enough to warrant selec-
tion against it. Some practitioners abort twin foals or cause their
resorption early in fetal life when they are detected.
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CRYPTORCHIDISM

The failure of the testicles to descend into the scrotum is known as
cryptorchidism and occurs in many species of animals. The failure of one
testicle to descend into the scrotum is a unilateral cryptorchid. The
failure of both testicles to descend is a bilateral cryptorchid.

Castration normally removes both testicles, but in the cryptorchid
the testicle or testicles in the body cavity are not removed. A special type
of operation would be required to remove the testicle from the body
cavity. Such an operation is costly and time-consuming and is usually not
practical. Cryptorchidism occurs frequently in horses. Unilateral crypt-
orchidism when one testicle is removed and the other remains in the body
cavity is responsible for a ‘‘ridgling,”” a term often used by horsebreeders
to describe cryptorchidism. It is a very undesirable trait and is avoided
by those who use horses for riding or working.

Pathophysiology

A bilateral cryptorchid horse is sterile because the testicles cannot
produce spermatozoa when they are maintained at the normal body
temperature. The scrotum normally maintains a temperature several
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degrees below the temperature of the body, which allows sperm produc-
tion. Even though a bilateral cryptorchid is sterile, he has all the sex
drive and sexual characteristics of the intact male, or stallion, because he
produces the male hormone testosterone.

The unilateral cryptorchid normally is fertile because one testicle has
descended to the scrotum and produces sperm at that temperature. The
removal of one testicle during castration still leaves one testicle in the
body cavity that continues to produce the male hormone testosterone.
Such males, although sterile, have all the outward characteristics of
stallions. They are avoided in working cattle or where large groups of
horses are run together in a herd or remuda. Their tendency to fight,
bite, and kick may injure other horses in the group.

Inheritance and Recommendation

The mode of inheritance of cryptorchidism in horses is not clear, but
inheritance does seem to be involved. Evidence of the genetic nature of
this trait is provided by information from the Hungarian National Stud
Farm which recorded two instances in which bilateral or unilateral crypt-
orchidism was transmitted through two or three generations. In another
stud where a monorchid stallion was used for breeding, eight of his forty
sons were cryptorchids (six unilateral and two bilateral). His fertility also
was only 23.2% as compared to 53% for the whole stud. One of his sons
produced ten male offspring of which one was a cryptorchid and another
showed a delay of the descent of the testicles into the scrotum. The mode
of inheritance was considered to be a dominant.

No males that are unilateral cryptorchids should be retained for
breeding purposes, nor should mares producing a cryptorchid son be
used for breeding.
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INTERSEXUALITY

Intersexuality in horses has been reported in the literature since
1687. Many of the early reports, however, did not distinguish between
cryptorchids and intersexes. More recently chromosome studies have been
reported in intersex horses. The degree of intersexuality varies from one
extreme to another. Some intersexes have the outward appearance of a
stallion but the external genitalia usually include a vulva and a rudimen-
tary or well-developed penis emerging from the skin folds between the
hind legs at a position approximately midway between the normal male
and the female anogenital distances. Testicles are sometimes present in
the abdomen and one instance was reported where one testicle had
descended into the scrotum.

Pathophysiology

Cultures from peripheral leukocytes, or from the descended testicle
in one case, indicate a chromosome abnormality. In one case a drumstick
(type) was present on the neutrophils, indicating a female genotype and
possibly an XXY chromosome complement. A further study of this case,
however, indicated a whole body chimerism resulting from the double
fertilization of a single egg or the fusion of two blastocysts. Another case
revealed a 64 XX/65 XXY mosaicism in an intersex, while a third case
was reported as an XXXY individual with the normal complement of
autosomes.

Inheritance and Recommendation

Although chromosome abnormalities are involved in some In-
tersexes, no reports indicate intersexuality is inherited. It is more likely
due to accidental abnormalities involving the segregation of chromo-
somes in the gametes during gametogenesis. Double fertilization of a
single ovum or the union of two blastocysts may also occur.

Since the condition is rare and not hereditary, no recommendations
appear to be justified.
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ANEUPLOIDY

Aneuploidy is a chromosome abnormality in which there are one or
more chromosomes or one or less chromosomes in the body cells than
normal. This is distinguished from polyploidy in which entire sets of
chromosomes (3n, 4n, etc.) are duplicated.

The chromosome complement of a 12-year-old infertile
thoroughbred mare was found to consist of 63 rather than the normal 64
chromosomes. Normal X chromosomes were not identified, but a small
subterminal chromosome was present, which was absent in the normal
chromosome complement. The small, unidentified chromosome may have
resulted from the breakage and rearrangement of the X chromosome
during gametogenesis in the dam. A causal relationship seemed to exist
between the mare’s infertility and the condition of aneuploidy.
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CHAPTER 42

Skin

CURLY COAT

In a study in Europe it was found that about 3% of Lakai horses
have a curly coat. Curly x curly matings gave 46 curly to 13 normal off-
spring. Curly x normal gave 17 curly to 20 normal offspring. No sex
linkage was indicated and coat color was not related to a curly coat.
About one-third of the curly offspring from curly parents showed a
marked degree of curliness at birth and it was proposed that these were
homozygotes. The data indicated that in this breed of horses the trait
was recessive.

A study of curly coat in Percherons in the United States also in-
dicated the trait was recessive. Sixteen mares bred to a son of the half
brother of these mares’ sire produced 37 smooth and 5 curly foals.

The curly coat in horses did not seem to be undesirable from the
standpoint of type and performance.
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EPITHELIOGENESIS IMPERFECTA (HAIRLESSNESS)

Skin and hair defects have been reported in many species of animals,
including horses. Affected foals are born alive but seldom survive for
more than a few days. One report cites 33 cases of this condition over a
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22-year period mostly in cold-blooded foals. It has occurred in scattered
instances in many parts of the world but is relatively rare.

Pathophysiology

In affected foals the hair coat is abnormal with patches on the legs
having no hair, and in these areas the skin resembles a tanned hide.
Sometimes a hoof is missing or imperfectly attached to the skin.

Inheritance and Recommendation
An autosomal recessive gene mode of inheritance is indicated.
Discard all affected individuals as well as their parents and avoid in-
breeding.
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CHAPTER 43

Other Structures

HERNIA

Both umbilical and inguinal hernias have been reported in horses.
The occurrence of these hernias in horses as listed by case records from
12 United States and Canadian Veterinary College Hospital clinics is
shown in Table 43.1.

Table 43.1. Occurrence of umbilical and inguinal hernias in horses

Umbilical Inguinal Total of All
Breed or Type Hernias Hernias Horses Checked
Arabian 11 10 5,188
Draft horses & mules 8 3 11,590
Ponies (Shetland & Welch) 2 ] 3.441
Quarter horses 147 9 21,188
Standardbred 21 15 7,451
Thoroughbreds 49 5 9,195
Other saddle horses 55 29 15,201

Males had more inguinal hernias (P< .01) and females more umbilical
hernias (P < .05).

In one study of 94 foals from 3 affected stallions, 79 were born with
umbilical, 11 with scrotal (5 were also cryptorchid), and 2 with inguinal
hernias while 2 had a fistula of the umbilical cord and urachus. In
another study of the inheritance of inguinal hernia in the horse, it was
reported that two recessive factors were involved, one causing unusual
width of the ring and the other a slight stretching of the sac of the tunica
vaginalis.

Even though reports are not always specific on the inheritance of
hernias, they do indicate that inheritance is involved. Therefore, it is
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recommended that breeding stock with any form of hernia should not be
retained for breeding.
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LARYNGEAL HEMIPLEGIA (ROARING)

Roaring refers to the noise made by horses when they take air into
their lungs. Such horses are sometimes referred to as being ‘‘thick in the
wind."" The condition has often been described in horses all over the
world.

Roaring probably involves the nervous system and is seen in all types
of horses, but in the United States it affects mostly the racing breeds.
Some have reported the condition as primary in which it occurs without
apparent cause, and secondary in which it occurs following an infectious
disease or during old age.

In addition to true roaring, several other abnormalities cause similar
symptoms. One of these may be described as intermittent spasms of the
larynx, and another is an unnatural type of respiration in which the tim-
ing of breathing appears to be upset. Care must be taken not to mistake
these for roaring per se.

Pathophysiology

The picture concerning this condition is quite confused. Veterinar-
ians consider true roaring as a complete or partial unilateral or bilateral
paralysis of the nerve that innervates the intrinsic muscles of the larynx.

Inheritance and Recommendation
Reports are not in full agreement on the mode of inheritance of this
trait, although there is considerable evidence to suggest that it does have
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a genetic base. Some studies suggest that it is due to a single autosomal
dominant gene. Others do not support this mode of inheritance although
there does seem to be a genetic base. Perhaps the right environmental
conditions are necessary for the full expression of the trait in individuals
possessing the genes responsible for the defect.

Although the actual mode of inheritance has not been determined,
there is little doubt that the tendency toward roaring is inherited. The
practical breeder, therefore, should strongly select against individuals
showing this particular defect, and none should be used for breeding pur-
poses.
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CRIBBING AND WINDSUCKING

Cribbing and windsucking are closely associated. Cribbing is a con-
dition in which affected animals grasp something (fence boards or
mangers) with their teeth, chew, arch their necks, and make swallowing
motions. They may also set their teeth against an object while sucking in
air. Windsuckers perform all these same motions in addition to swallow-
ing large volumes of air. The condition may develop any time from
weaning until an animal becomes an adult. These afflictions result in loss
of condition and injury to the teeth. Such horses are more subject to
colic.

These conditions are widespread, especially in Thoroughbreds,
American Saddlebred, and Standardbred horses. It is believed to affect
about 5% of the adult population.

Pathophysiology

The physiology of cribbing and windsucking is not clear. It may
develop because of a lack of some nutrient in the diet or because of
boredom due to being tied in the same stall for many hours of the day.
The latter seems to be the most logical cause and therefore may be

psychological.



258 IV ® THE HORSE: Defects with Probable Genetic Base

Inheritance and Recommendation
Some evidence suggests an autosomal recessive type of inheritance.
A strap buckled around the neck helps prevent this vice. An opera-
tion has been developed that is often successful but somewhat dangerous.
Affected animals should not be kept for breeding.
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LETHAL DOMINANT WHITE

Several different kinds of white horses are known and they usually
are referred to as albinos. However, it has been suggested that no true
albinos with a white coat and pink eyes have ever been seen. At least,
most albino horses, if not all, have colored eyes and are referred to as
pseudo (false) albinos.

Cremellos are a pale cream color or almost white with a pinkish skin
and blue eyes. They are basically colored horses, which also are
homozygous for the dilution gene (D) or are of genotype (DD). One dilu-
tion gene (D) produces the palomino color when present with the
chestnut or sorrel genes (bb).

Another kind of white in horses is one in which the foal is fully col-
ored at birth but has a progressively increased number of white hairs
with age until they become practically white. This kind of white has been
referred to as progressive silvering or gray.

Dominant white in horses is different from the two kinds of white
previously mentioned. Dominant white foals are white at birth but their
eyes are either blue or some other color such as brown or hazel. Their
skin is pink although dark spots occur in the hooves and they sometimes
have dark streaks.

All three types of white occur quite frequently and may be mistaken
for the same white color unless the ancestors and progeny are studied
closely. The cremello white comes from ancestors in which palominos oc-
cur, whereas the gray color can be distinguished from the dominant
white because the foals are colored at birth but turn gray or white with
age.

Pathophysiology
When dominant white horses are mated, about one-fourth of the
developing individuals are not viable. The actual time of the death of the



43 * OTHER STRUCTURES 259

fetus has not been determined, but it occurs sometime before birth and
probably early in gestation.

Inheritance and Recommendation

The dominant white color is due to the dominant white gene (W),
which is epistatic to all color genes. Breeding tests show that all white in-
dividuals of breeding age are heterozygous (genotype Ww), because when
mated they produce about 2 white to 1 colored offspring. This has led to
the conclusion that the homozygous white genotype (WW) is lethal and
never seen, which is further verified by the fact that all white individuals
appear to be heterozygous.

Nothing can be done to prevent the death of the homozygous white
(WW) individuals. The mating of white horses would result in a 25%
death loss, but these losses may be early enough in pregnancy that they
would result only in delayed foaling in some mares. If the breeder is try-
ing to produce purebreeding white horses, this would be impossible if all
dominant white horses are heterozygous. Mating white with white would
result in an average of two-thirds of the foals being white and one-third
colored, whereas white mated with colored would give a ratio of 1 white
to 1 colored, on the average.
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CHAPTER 44

Sensory Organs

EYE DEFECT

A stallion exhibited a maldevelopment of the iris and secondary pro-
gressive opacity of the lens of the eye. The majority of his offspring
showed the same condition in varying degrees. A dominant gene ap-
peared to be the cause.

Affected individuals should not be used for breeding.
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Bones and Joints

MULTIPLE EXOSTOSIS

Multiple exostosis is a bone disease in which there are numerous ab-
normal projections (spurs) of the bones. The cortex and medulla of the
bony projections are continuous with that of the bones from which they
arise. Exostosis occurs in the long bones, ribs, and the pelvic bones.

The condition was described in four quarter horses. Two fillies sired
by the same stallion with the defect were also defective.

Inheritance and Recommendation
If inherited, the mode of inheritance has not been established, but it
is recommended that affected individuals not be used for breeding.
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PATELLA LUXATION (Congenital)

Congenital lateral luxation of the patella (out of joint, dislocation)
has been reported in both horses and ponies. Its occurrence is rare, but
there are some indications it may be inherited. The mode of inheritance
is unknown.
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CHAPTER 46

Neuromuscular System

STRINGHALT

Stringhalt 1s an excessive flexing of the hind legs of the horse. It has
been claimed to be inherited through the male line, but the mode of in-
heritance has not been determined.
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Endocrine and Metabolic Systems

DIABETES MELLITUS

Diabetes mellitus is very rare in horses, but one case was described
in the Colorado State University clinic. A 23-year-old mare weighing
about 1,000 pounds and of mixed breeding was found to have lipemia,
hypercholesterolemia, increased serum transaminase concentration, and
hyperglycemia. The mare had a tumor of the pituitary gland. While a
relationship between the abnormal pituitary and diabetes mellitus may be
involved, a causal relationship has not been definitely established. No
evidence was found to indicate that the condition was inherited.
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beagle, 35, 39, 40, 42, 63, 72, 89, 108, 112,
119, 135, 151, 154, 171, 177
Bedlington terrier, 63, 81, 123, 157
Belgian Tervuren, 108
Bernese mountain dog, 119
black-and-tan coonhound, 41
bloodhound, 70, 105, 108, 115
Bluetick hound, 112

border collie, 75, 79, 84

Boston terrier, 64, 98, 102, 108, 119, 121,
150, 152

boxer, 58, 70, 82, 108, 119, 121, 160, 166,
177

bulldog, 40, 70, §2, 102, 119, 147

bulldog (English), 58, 152

bulldog (French), 75, 98, 104, 107, 152,
154, 160

bullmasuff, 95, 104, 119

bull terrier, 119, 177

cairn terrier, 41, 112, 141, 150

Chihuahua, 40, 82, 98, 108, 119, 163

cocker (American), 57, 64, 71, 93, 131,
147, 154, 160, 174

cocker (English), 72

collie, 35, 40, 44, 46, 47, 48, 49, 54, 57, 66,
79,82, 84, 108, 119

corgi, 73

crossbreds, 40, 115, 139, 173

dachshund, 83, 84, 102, 106, 108, 119, 121,
131, 146, 154, 174, 177

Dalmatian, 84, 121, 132, 134

Doberman pinscher, 43, 91, 92, 101, 131,
174

foxhound (American), 44

foxhound (English), 64, 84

fox terrier (smooth), 63, 75, 82, 84, 91, 168

fox terrier (wirehaired), 57, 63, 75, 98, 121

German shepherd, 40, 43, 58, 63, 71, 75,
96, 104, 119, 121, 125, 131, 147, 158,
160, 177

German shorthaired pointer, 71

German shorthaired terrier, 111

Great Dane, 70, 71, 84, 91, 92, 104, 108,
115, 174, 177

Great Pyrenees, 35, 39, 42, 105

grevhound, 40, 75, 121, 177

griffon, 98

huskies, 79

Irish wolfhound, 104, 177

Keeshond, 108

Labrador retriever, 40, 63, 75, 79, 81, 104,
117, 150, 177
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Lhasa Apso, 108, 131, 165

Manchester terrier (standard), 135, 156,
163

mastiff, 70

minlature schnauzer, 64, 147

MNewfoundland, 58, 71, 95, 1035, 147

Morwegian dunkerhound, 84

Morwegian elkhound, 79, 96, 119, 131, 157

Old English sheepdog, 64

otter hound, 44

Pekingese, 82, 98, 102, 108, 119, 140, 141,
154, 156, 163

pinscher (miniature), 79

pointer, 63, 104, 108, 140, 177

pointer (German shorthaired), 110, 111

Pomeraman, 57, 98, 108, 152

poodle (mimature), 57, 72, 75, 79, 98, 112,
151, 156, 162

poodle (standard), 64, 72, 82, B4, 108

poodle (toy), 57,79, 119, 156

pug, 82,152, 156

retriever (Chesapeake Bay), 95, 108

retriever (golden), 43, 63, 79, 95

retriever (Labrador), 79, 117

Rhodesian Ridgeback, 36, 91, 121, 136,
137

Eottweiler, 84, 96

Saint Bernard, 35, 41, 44, 70, 71, 95, 104,
108, 115, 147

saluki, 79

Samoyed, 40, 72, 79

schnauzer, 43, 64, 98, 121

Scottish terrier, 43, 44, 75, B4, 107, 108,
114, 150

Sealyham terrier, 63, 75, 81, B4

setter (English), 39, 70,91, 111

setter (Gordon), 95

setter (Irish), 39, 70, 79, 91

sheepdog (English), 91, 95

Shetland sheepdog, 40, 57, 66, 76, 79, B2,
B4, 94,153, 156

Shih Tzu, 119

Siberian husky, 40, 108

spaniel (cocker), 31, 35, 39, 41, 64, 70, 79,
H9,093,98, 119,121, 131

spaniel (English cocker), 79

spaniel (English springer), 42, 58, 72, 79,
135

Staffordshire terrier, 64, 119

terrier (bull), 84

terrier { Jack Russell), 63, 75

terrier (Sealyham), 84

Loy griffon, B9

vizsla, 40

Webster terrier, 75

Weimaraner, 40, 71, 105, 140, 147

Welsh corgi {(Cardigan), 135

Welsh corgi (Pembroke), 108, 147

West Highland white terrier, 112, 141, 150

INDEX

wirehaired terrier, 72, 75
Breeds of horses
American saddlebred, 243
Arabian, 232, 242, 244, 245, 255
Belgian, 231, 248
English thoroughbred, 231
Oldenburg, 244
Percheron, 246, 247, 253
Quarter horses, 255, 262
Shetland ponies, 239, 255
Standardbred, 255
Thoroughbred, 233, 255
Welsh ponies, 255

Calcinosis circumscripta (calcium gout), 177
Canine cyclic neutropenia, 35, 46, 48, 49, 117
Carpal subluxation, 90
Carriers, 21
Cartilaginous exostosis, 149
Cataracts, 35, 63, 215
Cell, 3
Cell division, 9

meiosis, 9

mitosis, 9
Central progressive retinal atrophy, 35, 78,

79
Cerebellar cortical and extrapyramidal nu-
clear abiotrophy, 117

Cerebellar hypoplasia, 163, 192, 244
Cerebrospinal demyelination, 162
Cervical vertebra deformity, 91
Chromosome abnormalities

aneuploidy, 7

chimerism, 8

deletions, 8

duplication, 8

euploidy, &

inversion, 8

isochromosomes, 8

mosaicism, 8

polyploidy, 6

ring chromosomes, 9
Chromosomes

autosomes, 5

bovine, 6

homologous, §

species numbers, §
Cistron, 10
Cleft lip and palate, 119
Cleft palate, 219
Collie eyve anomaly, 35, 66, 67
Colobomas, 76, 215
Common truncus arteriosus, 212
Congenital hemolytic anemia, 35, 350, 51, 52
Congenital hereditary lymphoedema, 35, 54
Coomb's test, 50
Craniomandibular osteopathy, 150
Cranioschisis (skull fissures), 93
Cribbing and windsucking, 257
Cryptorchidism, 127, 201, 249, 250
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Curly coat, 253
Cutaneous asthenia (skin weakness), 135, 225
Cystinuria, 170

Deafness, 35, 83, 84, B5, 186, 187
Demodectic mange, 42

Dermoid cyst of cornea, 35
Drermoid cyst (cornea and sclera), 147
Dermoid sinus, 136
Dexiraposition of aorta, 212
Diabetes mellitus, 167, 265
Diaphragmatic hernia, 139, 206
Distichia, 35, 82

DMNA, 10

Dwarfism, 93, 94, 125§

Ectodermal defect, 174
Ectopic lens, 216

Ectropion, 35, 69, 70
Endocardial fibroelastosis, 184
Epilepsy, 108, 109

Epiphyseal dysplasia, 151
Epitheliogenesis imperfecta, 225, 253
Esophageal achalasia, 120, 121
Everted membrana nictitans, 71
Eve defect, 261

Evelid agenesis, 216

Familial amaurotic
10, 111
Familial renal disease, 171
Feline retinal disease, 186
Feline tremors, 193
Fibrinogen deficiencies, 35
Flexed forelegs, 240
Folded ears, 188
Foramen magnum, 151
Four ears, 188

idiocy gangliosidosis,

(ienes
control, 13
structural, 13
Genotypes
heterozygous, 21
homozygous, 21
Gingival hyperplasia, 166
Glaucoma, 72, 73
Globoid leukodystrophy, 112
Glossopharyngeal defect (bird tongue), 140
Glycogen storage disease, 169
Goiter, 168
Golgi bodies, 4
Grey collie syndrome, 48

Hairlessness, 175, 205
Harelip, 198
Hemarthrosis, 40
Hematomata, 40
Hematuria, 43
Hemeralopia, 74

269

Hemivertebra, 152
Hemolytic disease, 234
Hemophilia, 40, 233
factor VII, 35, 39, 42
factor VIII, 35, 39, 40, 41
factor IX, 35, 39, 40
factor X, 35, 39
factor X1, 35, 39
Hereditary foal ataxia, 244
Hermaphroditism, 221
Hernia, 255
Hip dvsplasia, 95
Holandric inheritance, 19
Horseshoe kidney, 221
Hydrocephalus, 163, 194
Hypofibrinogenemia, 44

Immunodeficiency, 232
Inbreeding, 23
genetic effects of, 24
inbred lines, 26
percent, 24
phenotypic effects of, 25
purpose of, 25
Inguinal hernia, 140, 141
Internal branchial fistula, 227
Intersexuality, 129, 251
Intertarsal and tarsometatarsal subluxation,
153
Intervertebral disc degeneration, 154
Intestinal lymphangiectasia, 122

Laryngeal hemiplegia (roaring), 256
Laryngeal-tracheal collapse, 178
Law of probability, 14
Legg-Calvé-Perthes disease, 156
Lens luxation, 75
Lethal dominant white, 258
Leukodystrophy, 195
Limb defect, 240
Linebreeding, 23
example of, 27
how to use, 29
percentage of relationship, 27
when 1o use, 28
Lissencephaly, 165
Liver disease, 123
Luxation of lens, 75
Lysosomes, 4

Manx cats, 190, 200

Megacolon, 220

Meningocele, 217

Microphthalmia, 76

Mitochondria, 4

Multiple bone defects in Shetlands, 239
Multiple exostosis, 262

Multiple heart defects, 213

Muscle fiber deficiency, 117
Mutations, 3
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MNasal bleeding, 231 Retinal dysplasia, 81
Neuronal ceroid-lipofuscinosis, 111 Rex mutant, 201
Neuronal GM, gangliosidosis, 195 Ribosomes, 4
MNuclear jaundice (kernicterus), 217 Ridgling, 249
Mucleotides, 10 RMNA, 10
mRMNA, 12
Organelles, 4 Russell's viper venom, 45
Osteocephaly, 157
Osteogenesis imperfecta, 157 Scottie cramp, 114
Outbreeding, 30 Scurs, 20
Overshot jaw, 101 Septum membranaceum aneurysm, 214
- . Sex linkage, 19
Panosteitis (enostosis), 138 Short spine (spina bifida), 103, 190
Parrot mouth, 241 Spinal dysraphism (syringomyelia), 115
Patellar luxatnon, 97, 98, 262 Spondylitis deformans, 159
Patent ductus arteriosus, 35, 55, 183 Stockard's paralysis, 115
Pelvic kidney, 222 Stringhalt, 264
Penetrance, 20 Superficial indolent ulcer of cornea, 148
Persistent pupillary membrane, 77
Persistent right aortic arch, 35, 60, 61, 211 Tetralogy of Fallot, 35, 60, 209
Ptrsiswm.urachug. _222 Thromboplastin, 47 ;
Phenotypic expression, 16 Torticollis (wryneck), 242
additive, 18 Tortoiseshell (tricolored or calico), 202, 203
dominance, 16 Trembling, 164
epistasis, 17 Trichiasis, 82, 183
overdominance, 17 Twinning, 248, 249

recessive, 16
Pituitary dwarfism, 125
Platelet function defects, 35, 44
Pleiotrophy, 20
Polycystic kidney disease, 131, 222
Polydactvly, 100
Polyvostotic fibrous dysplasia, 101, 102
Porphyria, 199

Umbilical hernia, 140, 141, 207
Undershot jaw, 101, 102
Unilateral fused kidney, 223
Linilateral renal agenesis, 216
Uinilateral renal hypoplasia, 223

Progressive retinal atrophy, 78 Varied expressivity, 20
Pulmonic stenosis, 35, 55, 57 Vertebral osteochondrosis, 160

Von Willebrand's disease, 35, 43, 44

jualitative inheritance, 23
Quantitative inheritance, 23 Waobbles, 243

Renal agenesis and dysgenesis, 171 X chromosome, 40, 41, 79
Eenal corncal hypoplasia, 131
Retinal detachment, 67 Y chromosome, 19
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