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Congenital and Acquired Abnormalities
of the Scrotum, Testes, and
Epididymides of Bulls

By Albert D. Barth, DVM, MVetSci, Diplomate ACT

Many veterinary practitioners evaluate hundreds of bulls annually for breeding
soundness. As a result, it is not unusual to encounter a variety of reproductive tract
anomalies and acquired pathological conditions. This issue of Large Animal Veterinary
Rounds discusses abnormalities of the testes and epididymides.

Conditions of the testes
Testicular hypertrophy

Unilateral testicular hyperplasia is often associated with hypoplasia or degeneration of the con-
tralateral testis. The quality of semen from these bulls is often satisfactory and there may be little or
no compromise in fertility. Hyperplasia of one testis may be due to compensatory growth, since
hemicastration in normal bulls results in hypertrophy of the remaining testis. The numbers of sper-
matogonia, spermatocytes and spermatids, and the mean diameter of seminiferous tubules were sig-
nificantly greater in hemicastrated bulls than in control bulls.'

It is common to encounter yearling bulls with surprisingly large scrotal circumference (SC)
measurements in the range of 40 to 45 cm; however, the prevalence of very large testes and the effect
on semen production have not been reported. Clinical presentations involving very large testes in
yearling bulls may include:

 normal testicular development; normal semen at maturity

 normal testicular development; poor semen quality unrelated to testis size

* orchitis; progressing to testicular degeneration

* occlusion of the efterent ductules; testis distension followed by degeneration

* scrotal development lagging behind rapid development of large testes; testes are held too close
to the body. Usually, the scrotum gradually lengthens so that by the time the bull is 18- to 24-months
old the scrotum will have a neck. Some bulls may then begin to produce semen of good quality.

Testicular hypoplasia

Normally, in bulls, the individual testis weighs 200 to 500 g. An SC measurement of 35 cm cor-
responds to a combined testis weight of about 450 g and each additional cm adds about 37 grams
to the combined weight. Hypoplasia may be unilateral or bilateral. Some authors report that most
cases are unilateral and that the left side is more frequently affected,” but there appears to be no pre-
cise definition for testicular hypoplasia based on physical measurement. Histologically, testicular
hypoplasia is defined based on cell populations in the seminiferous tubules. In total hypoplasia, no
tubules have germinal cells, but they do contain Sertoli cells. The tubules are small in diameter, they
have a thin basement membrane, and there is hyperplasia of Leydig cells. In partial hypoplasia, some
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of the tubules have germinal cells and spermatogenesis
within individual tubules varies from incomplete to nor-
mal. Hypoplasia must be differentiated from testicular
degeneration. In degeneration, the seminiferous epithelium
is vacuolated with only Sertoli cells, or with reduced num-
bers of germinal cell types. Advanced degenerative changes
include spermiostasis, tubular mineralization, granuloma
formation, thickened basement membranes, and fibrosis.
Atrophy of the Leydig cells is seen when no Sertoli cells are
left in the tubule. Young bulls with very small testicles are
more prone to develop testicular degeneration at 2 to
3 years of age.”

Testicular hypoplasia has been studied most closely in
Swedish cattle.” Classically, Swedish Highland cattle were
white with large areas of black and brown on the sides of
the body and with a black muzzle. At the turn of the 20th
century, selection of animals with less pigmentation became
popular. Breeders soon noticed that along with the change
in pigmentation, the left testis was smaller than the right in
some of the bulls. The affected bulls were usually fertile, so
little attention was paid to the difference in size of the
testes, and affected bulls were extensively used for breeding.
Some bulls had bilateral testicular hypoplasia and were ster-
ile. Gonadal hypoplasia in the Swedish Highland breed
appears to be caused by an autosomal recessive gene with
incomplete penetrance. The condition exists in many breeds
today, although at a very low frequency. Double muscling
(myofiber hyperplasia), which itself is inherited as an auto-
somal recessive trait, is associated with a high incidence of
bilateral testicular hypoplasia.®

Most workers agree that testicular hypoplasia is con-
genital, possibly inherited, and caused by a marked lack of
spermatogonia in the gonads during fetal life.* Primordial
germ cells arise from the yolk sac endoderm in the early
embryo. These germ cells are amoeboid in nature and
migrate to the genital ridges on the dorsal body wall of the
embryo. In the migration process, their numbers increase by
mitotic division and continue to increase after reaching the
genital ridge, where they form the germinal epithelium.
Germinal epithelium invagination results in the formation
of sex cords lying within the mesenchyme. The sex cords
later become the seminiferous tubules. The primordial germ
cells associate themselves with the precursor Sertoli cells
that are believed to arise from the organ formative cellular
matrix. Leydig cells arise from undifferentiated mesenchy-
mal cells in the interstitium. Testis hypoplasia may be par-
tial, or total, due to a failure of germinal cells to develop in
the yolk sac, a failure to migrate to the gonad, a failure to
multiply in the gonad, or due to extensive degeneration
after they have entered the gonad.

The use of growth-promoting implants has the poten-
tial to impair testicular development.” When bulls were
implanted with zeranol (Ralgro) at birth, at 3 months (mo),
and at 6 mo of age (ie, every 3 mo up to 18 mo of age), SC
and serving capacity were adversely affected, but tended to

recover with increasing age. Semen quality was also affected
adversely, but did not improve with increasing age. There
was no difference in testicular weight, vesicular gland
weight, and penis length among treated and control groups
when bulls were slaughtered at 20 mo of age. Histological
examination revealed that zeranol induced adenomyosis
and sperm granulomas in the cauda epididymides and
markedly altered the histological structure of the sexual
accessory glands. There was little effect on the reproductive
organs when bulls were implanted with zeranol after 7 mo
of age.

Klinefelter’s syndrome

Klinefelter’s syndrome has been reported to affect
between 1 in 500 and 1 in 800 human males. The condi-
tion is associated with the presence of more than one X
chromosome. The most common form is XXY and rarest
variants include XXYY and XXXY. Affected males remain
more or less normal until the approach of puberty, but at
that time, the testes remain small and undergo degenerative
changes with hyaline sclerosis and atrophy of the semini-
ferous tubules. Sterility associated with the XXY genotype
in domestic male mammals has been reported in dogs,
sheep, pigs, cattle, and in tortoise-shell or calico cats. A
Klinefelter’s Charolais bull, which also had a Robertsonian
1;29 translocation, was encountered at the University of
Saskatchewan.® The bull had very small testes and was
azoospermic; however, he was phenotypically normal and
had a normal sized penis and accessory glands.

Effect of a female co-twin on bull fertility

Studies of bulls born co-twin to freemartins (sterile
female) have shown that the number of XX lymphocytes in
their blood varied from 5% to 95%. The effect of XX
chimerism on fertility has not been well studied; however,
in one study of 12 chimeric bulls in an artificial insemina-
tion (Al) centre, 58% were culled for poor semen quality
associated with testicular degeneration and hypoplasia,
compared to < 6% of 128 single-born bulls. One of the
chimeric bulls produced calves with a markedly skewed sex
ratio of 29 males to 71 females, suggestive of germ cell
chimerism. In early cytogenetic studies, a few authors
reported finding XX cells in the testes of young calves,
however, later studies did not confirm these findings.”

Cryptorchidism

The testes enter the scrotum midway through fetal life
in ruminants. Cryptorchidism (undescended testis) may be
bilateral, but in most cases, it is unilateral. The etiology is
poorly understood, but it may involve a disruption in con-
centrations of gonadotropins, testosterone, and anti-
Miillerian hormone in fetal life. A survey conducted in
North American Veterinary Schools over a period of
26 vyears indicates that the overall incidence of cryp-
torchidism is 0.17%.° The incidence (approximately 1.0%)



is greater in polled Herefords and Shorthorns, and is 40%
greater in polled bulls than in horned bulls across all breeds.
Unilateral cryptorchidism is more common and the left side
is affected twice as often as the right side. The affected testis
can be located anywhere along the normal trajectory of
descent, but is found twice as often in the inguinal canal as
in the abdominal cavity. Cryptorchid testes inside the
abdominal cavity are usually located close to the internal
inguinal rings in bulls. Evidence in all domestic species
indicates that cryptorchidism is heritable; therefore, affected
bulls, their sires, and dams should be removed from the
breeding herd.’

Scrotal or inguinal hernia

The incidence of congenital inguinal hernia is high in
the pig, low in the horse and dog, and rare in sheep and cat-
tle. A definitive etiology for inguinal hernias in cattle has
not been determined; however, its known inheritance in
other species indicates that the condition should be select-
ed against. Reportedly, inguinal hernias are seen most com-
monly in the Hereford breed and are usually left sided.
Herniation into the scrotum is rarely life threatening, but
it will seriously depress fertility by interfering with testis
thermoregulation.

Ectopic testes

Ectopic testes lie in a position other than in the normal
line of descent. Usually, ectopic testes are in a prescrotal
position along the ventral abdominal wall fairly close to the
prepuce, or on the inner aspect of the upper part of the
thigh. They are found subcutaneously, covered only by skin
and a layer of connective tissue.”

Short scrotum, caudal frenulum of
the scrotum, rotated scrotum

Although many veterinarians have observed bulls in
which the testes appear to be held too close to the body
due to an abnormally short scrotum or a pronounced cau-
dal frenulum of the scrotum, these abnormalities do not
appear to be reported in the literature. In our observa-
tions, a short scrotum with no neck or an inadequate neck
for normal testis thermoregulation, is not common in
bulls. In bulls < 2 years of age, a short scrotum may be
associated with testes of any size. In many cases, when
yearling bulls with short scrotums, but average-to-large
sized testes are maintained to an age of 218 mo, the
scrotum gradually lengthens and a scrotal neck develops.
In some cases, normal spermatogenesis occurs after the
scrotum lengthens, but in others, poor semen quality may
remain indefinitely.

A caudal frenulum of the scrotum has not been associ-
ated with abnormal spermatogenesis in most cases we have
observed. In rare cases, a very pronounced caudal frenulum
of the scrotum resulted in an almost horizontal tilting of the
testes, which were held close to the body. In these cases,

unsatisfactory semen quality may be due to abnormal
thermoregulation of the testes.

Vascular malformation of the spermatic cord

There are few reports of vein varicosity in the spermat-
ic cord of domestic mammals. The condition occurs most
often in the ram and is rare in the bull. In 2 mature
Charolais bulls, we observed unilateral, 3 to 5 cm enlarge-
ments in the spermatic cord that felt like varicoceles or
appeared to be varicoceles on ultrasound examination.
Semen quality was poor in one bull, but satisfactory in the
other.

Testicular degeneration

Testicular degeneration may be may be focal or diffuse,
and unilateral or bilateral. Gross lesions may not be clinical-
ly evident in mild-to-moderate cases of testicular degener-
ation. In cases of advanced degeneration, the testes become
reduced in size and may feel softer than normal or fibrotic.
It is often difficult to discern the difference in texture
between fibrotic testicles and normal testicles by palpation;
however, ultrasonography will readily reveal fibrotic changes
and even mild degeneration of seminiferous tubules may be
detected by changes in pixel intensity.

Testicular degeneration has a variety of causes. The
more common causes include abnormal thermoregulation,
nutritional deficiencies, aging, trauma, orchitis, and obstruc-
tion of efferent ducts.

Thermoregulation: The most common cause of abnormal
thermoregulation is an accumulation of fat in the scrotum.
Other causes include scrotal frostbite, scrotal dermatitis, and
a short scrotum. An increase in testis temperature by 0.5° to
1°C for a few days is sufficient to cause a noticeable distur-
bance of spermatogenesis. Normally, because of the peculiar
anatomy of the blood supply to the testis, the testis operates
on the brink of hypoxia. Raising testicular temperature
increases the metabolic activity, but there is no correspond-
ing increase in blood supply and tissue hypoxia ensues.
Spermatocytes and the spermatids are the most sensitive to
injury, but with sufficient severity and duration of the
hypoxic state, all of the germinal cells and even the Sertoli
cells can be destroyed.

Nutrition: Nutritional deficiencies seldom involve only
one type of nutrient, but rather involve multiple nutrient
deficiencies, eg, protein and energy along with certain
vitamins and minerals. General debility associated with
prolonged nutritional deficiency may result in testicular
degeneration.Vitamin A deficiency has been shown to cause
testicular degeneration in several species including the bull.

Orchitis: Orchitis may be accompanied by periorchitis
and epididymitis. Bacterial invasion may develop
hematogenously, through retrograde migration from the
ductus deferens and epididymis, or directly through wounds
of the scrotal skin. The swollen scrotum of affected bulls is
hot and doughy and may become filled with a fibrinopu-



rulent exudate. If orchitis is treated early with anti-
biotics, recovery may occur quickly without lasting
damage to the testicles.

Testicular neoplasms

Testicular neoplasms are rarely encountered in
bulls.” Tumours may be undetectable by palpation, but
can usually be observed by ultrasonography. The most
common type of tumour in bulls is the interstitial
(Leydig) cell tumour. This tumour is usually benign
and is more common in bulls >5 years old, although
it has also been described in young calves. Larger
interstitial cell tumours are yellow-gray to orange,
spherical, and well demarcated from surrounding tis-
sue. One study indicated that sperm production and
fertility were adversely affected when tumours were
>1 c¢m in diameter.

Sertoli cell tumours are pale gray, firm neo-
plasms that usually result in enlargement of the
affected testis. In a study of 26 affected bulls, vary-
ing in age from 1 to 12 years, 3 bulls with large
Sertoli cell tumours had metastatic lesions in the
regional lymph nodes. Most reports concerning
Sertoli neoplasia in bulls involve the Shorthorn
breed.” In one report, 2 newborn Shorthorn calves
had a single enlarged gonad in the scrotum at
birth."” The occurrence of this rare tumour in 2
calves sired by a single bull suggests a genetic basis.
Sertoli cell tumours are known to cause feminiza-
tion in dogs due to the production of estrogen;
however, an estrogenic effect has not been reported
in bulls. Seminomas have not been reported in

bulls.

Hydrocele and hematocele

Accumulation of fluid or blood within the scro-
tal lumen is uncommon in domestic mammals.
Hydroceles can be unilateral or bilateral. The cause
of a hydrocele is unknown, but several causes have
been postulated including ascites, trauma, hot weath-
er, and neoplasms. In one case, a scrotal hydrocele
occurred secondary to ascites caused by a liver fluke
infection. Hydrocele is often associated with a
depression in semen quality. Spontaneous recovery
has been reported in about 80% of cases within 4
months of diagnosis and with a return to normal
sperm production."’

Hematoceles may be due to trauma to the testis or
secondary to hemorrhage in the peritoneal cavity.
With trauma to the testis, the hematocele is usually
unilateral with a marked distension of the scrotum.
Over a period of months, the injury is resolved by
organization and resorption of the clot, followed by
fibrosis and degeneration of the affected testis.
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Figure 1: Embryonic development of the
epididymis (mesonephric duct)
and efferent ductules
(mesonephric tubules).
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Conditions of the efferent ductules,
epididymis, and vas deferens

In the adult, the seminiferous tubules empty into a
system of collecting tubules known as the rete testis. In
bulls, the rete testis empties at the dorsal pole of the
testis into the efferent ductules that were derived from
the embryonic mesonephric tubules. The efferent duc-
tules number about 15; they are long, convoluted, and
make up a large portion of the caput epididymis. They
absorb 90% of the fluid produced by the testis.
Individual efferent ductules consist of 3 segments: a
nearly straight part that leaves the rete testis, a long,
highly convoluted central section, and a moderately
convoluted terminal segment that enters the epididymis.
The efferent ductules empty into a single tube - the
epididymis - which is about 120 feet long. Figure 1
illustrates the embryonic formation of the connection
between the seminiferous tubules and the epididymis.

Blind-ending efferent ductules

If the mesonephric tubules fail to connect to the
rete tubules, then blind-ending mesonephric (efferent)
ductules result. When sperm production is initiated,
these may become impacted with sperm. Impacted
ductules may rupture releasing spermatozoa that are
immunologically foreign; hence, a tissue reaction
occurs resulting in granuloma formation.

Blind-ending efferent ductules occur frequently in
domestic animals. In one report, 8 of 25 bulls were
affected.'” Affected bulls had 1 to 5 blind-ending duc-
tules; however, the number of blind-ending ductules
needed to cause spermiostasis is unknown. There is
considerable evidence that bovine spermiostasis in the
efferent ductules is genetically determined by a reces-
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sive hereditary factor. Spermatic granulomas develop
slowly, thus young, even bilaterally-affected, males may
be fertile for a year or more until the fibrous tissue of
the granuloma completely obstructs the efferent duc-
tules. Efferent ductule granulomas result in enlarge-
ment of the caput epididymis. If most or all of the
efferent ductules are obstructed, the testes become
enlarged and edematous, and degeneration follows.

Aplasia of the epididymis

Blom and Christensen' conducted examinations
on 2,000 bulls; the majority of the bulls were of the
Red Danish breed. Aplasia of the epididymis and/or
vas deferens was found in 7 bulls. The lesions occurred
on the right side in 6 bulls and on the left side in 1
bull. Aplasia of the vesicular gland was diagnosed in 4
bulls and it occurred on the side with the affected epi-
didymis. Konig and coworkers reported the occur-
rence of epididymal aplasia in 18 Simmental bulls: both
epididymides were affected in 12 bulls, 3 had left-sided
aplasia, and 3 had right-sided aplasia."* They conclud-
ed from the genealogical data that an autosomal reces-
sive gene was responsible for the condition.
Epididymal aplasia has been reported by others in
many different breeds.

Segmental aplasia of the epididymis or ductus def-
erens has been well described in bulls. There is a strong
indication that segmental aplasia is hereditary; in 19
male offspring of a unilaterally-affected bull, 4 sons
were similarly affected.” The missing segment was most
often lacking on the right side. In older bulls, sperma-
toceles and/or granulomas may develop just proximal
to the missing segment. Palpation of a very small or
missing tail of the epididymis is highly indicative of
aplasia, or segmental aplasia of the epididymis.

Lesions of the appendix epididymis

The appendix epididymis is a vestigial remnant of
part of the embryonic mesonephric duct. The appen-
dix epididymis may form a cyst that is usually locat-
ed between the head of the epididymis and the testis
but, occasionally, it is present on the surface of the
testis adjacent to the head of the epididymis. Very
large cysts may be present between the epididymis
and the testis in older animals. They do not interfere
with the function of the epididymis because they
enlarge very slowly over a long time and do not block
the movement of sperm.

Epididymitis due to sperm stasis

Sperm granulomas may cause marked enlargement
of the head of the epididymis. Spermatic granulomas
develop secondary to sperm stasis in blind efferent
ductules, to the accumulation of sperm in aberrant
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epididymal ducts, to sperm stasis secondary to adeno-
myosis of the epididymis, and secondary to infectious
epididymitis. Sperm contain acid-fast material that
evokes a granulomatous response similar to that
induced by mycobacteria. An inflammatory reaction
develops when sperm escape from the ductal system.
This inflammatory process can become self-perpetuat-
ing, since granulomas cause obstruction of other com-
ponents of the ductal system. Spermatic granulomas
due to congenitally blocked ductules start to develop
in sexually mature young animals, whereas acquired
blockages may occur at any age after maturity.

Blom and Christensen examined the reproductive
organs of 2,285 bulls and found spermiostasis in the
ductuli efferentes of 2.1% of Danish Friesen bulls and
3.9% of Red Danish bulls."”

Epididymitis due to infection

Wide varieties of bacteria, including Chlamydia
and Mycoplasma have been implicated in infectious epi-
didymitis. A specific viral disease, “epivag,” is found
only in Africa where it causes vaginitis and epididymi-
tis. Bacterial epididymitis is usually unilateral and,
more commonly, appears to affect the cauda epi-
didymis. In long-standing cases, the lesions may extend
into the body and head of the epididymis. Epididymitis
is often associated with vesicular adenitis. The effect of
cauda epididymitis on semen quantity and quality
ranges from no noticeable effect to poor semen quali-
ty and oligospermia. Ultrasonography of the ampullae
may be used to determine whether epididymal block-
age has occurred; empty ampullae indicate a lack of
sperm flow from the cauda epididymis. Recovery from
cauda epididymitis may occasionally occur sponta-
neously or after antibiotic treatment; however, antibi-
otic treatment frequently fails to cure epididymitis.
There are no reports in the literature regarding the
success rate for antibiotic treatment.

Dr. Albert Barth graduated from the Department of Large
Animal Clinical Sciences at the Western College of Veterinary
Medicine (WCVM), Saskatoon, Saskatchewan. He is cur-
rently a Professor of Theriogenology at the WCVM.
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Abstract of Interest

Mutations in myostatin (GDF8) in double-muscled
Belgian Blue and Piedmontese cattle.

KAMBADUR R, SHARMA M, SMITH TP, BAss J]J.
HAMILTON, NEW ZEALAND.

A visibly distinct muscular hypertrophy (mh), commonly known as
double muscling, occurs with high frequency in the Belgian Blue and
Piedmontese cattle breeds. The autosomal recessive mh locus causing
double-muscling condition in these cattle maps to bovine chromo-
some 2 within the same interval as myostatin, a member of the TGF-
beta superfamily of genes. Because targeted disruption of myostatin in
mice results in a muscular phenotype very similar to that seen in dou-
ble-muscled cattle, we have evaluated this gene as a candidate gene for
double-muscling condition by cloning the bovine myostatin cDNA
and examining the expression pattern and sequence of the gene in
normal and double-muscled cattle. The analysis demonstrates that the
levels and timing of expression do not appear to differ between Belgian
Blue and normal animals, as both classes show expression initiating
during fetal development and being maintained in adult muscle.
Moreover, sequence analysis reveals mutations in heavy-muscled cattle
of both breeds. Belgian Blue cattle are homozygous for an 11-bp dele-
tion in the coding region that is not detected in cDNA of any normal
animals examined. This deletion results in a frame-shift mutation that
removes the portion of the Myostatin protein that is most highly con-
served among TGF-beta family members and that is the portion tar-
geted for disruption in the mouse study. Piedmontese animals tested

have a G-A transition in the same region that changes a cysteine
residue to a tyrosine. This mutation alters one of the residues that are
hallmarks of the TGF-beta family and are highly conserved during
evolution and among members of the gene family. It therefore appears
likely that the mh allele in these breeds involves mutation within the
myostatin gene and that myostatin is a negative regulator of muscle
growth in cattle as well as mice.

Genome Res 1997;7:910-6.
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