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Figure 5.8 Papillary mesothetioma of the tunica vaginaLis that covers 
the scrota[ contents of a dog. 

bull (Fig. 5.8). Extension of the tumor into the peritoneal cavity has 

been observed in the dog. Uhrastructural or immunohistologic 
study may be necessary to differentiate such mesotheliomas from 
adenocarcinoma. Origin of intrascrotal mesothelioma from the 
paramesonephric duct remnant has been suggested.There is a report 
ofa lipoma occupying the right scrotal cavity in a ram, causing com- 
pression of, but apparently not directly involving, the testis. 
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TESTIS AND EPIDIDYMIS 

Spermatozoa develop in the seminiferous tubules and pass through the 
straight tubules into the intratesticular fete within the mediastinum testis. 

They then leave the testis via the fete testis and enter the efferent duc- 
tules. The efferent ductules number between 13 and 20, depending 

on the species. Most join the single duct of the epididymis, but it is 
common in most species for one or more to end blindly. The epi- 
didymis is long and tortuous, and divided into many distinct areas. 
For this discussion, three main areas will be referred to: the head, body, 
and tail.The tail terminates in the deferent duct. Disease of one area has 
effects on other regions, and some diseases affect all areas. 

Pathologists often examine individual testes or small biopsies 
rather than whole groups of animals. Gross and histological assess- 
ment of reproductive tissues is a valuable tool if used appropriately. 
Assessment of a problem often requires collaboration of the cytoge- 

neticist, endocrinologist, theriogenologist and pathologist, who, 

alone, may not be able to determine the complete pathogenesis. For 
the pathologist to function optimally, appropriate samples must be 
collected and processed. For many of the diseases and the tissues, 
routine fixation with 10% formalin is adequate, but for a detailed 
assessment of spermatogenesis, or the histological appearance of 
seminiferous tubules, rapid fixation after death or collection (within 
minutes in many species) in Bouin's fluid or Zenker's fluid, with 
paraffin embedding, is necessary. Plastic embedding is the method of 

choice for a detailed assessment of the spermatogenic cycle. 

Inadequate fixation or suboptimal processing of testicular tissues 
will cause artifacts that cannot be distinguished from degeneration. 

Normal spermatogenesis requires a normal scrotal testis in domestic 
mammals. The testis varies in its gross and microscopic appearance 
among the species, mostly in the extent to which the testis is 
divided into regions by fibrous tissue septa. This division is marked 
in the stallion, less so in the dog and boar, and mostly absent in 
ruminants. The basic microscopic appearance is similar- the testis 
is divided into the interstitial or intertubular compartment and the sem- 
iniferous tubular compartment. The interstitial endocrine cells are the 
major resident of the intertubular compartment; macrophages are 
another important cell type. 

The interstitial, compartment is a unique immunological envi- 
ronment. Nonspecific immunity is normal, but humoral and cell- 
mediated immunity is altered such that allogeneic and xenogeneic 
tissue transplants are maintained for a prolonged period. This state 
is dependent on the presence of testosterone, and is related in part 
to Fas ligand expression by Sertoli cells that induces apoptosis of 
Fas-expressing T cells.This environment is thought to provide pro- 
tection to the germinal cells, and prevent autoimmune reactions or 
recognition of germinal cells by the immune system. 

The peritubular cells and the basement membrane of the semi- 
niferous tubule delineate the tubular compartment. Sertoli cells and 
germinal cells make up the intratubular compartment. The normal 

tubular diameter is 146 Ixm in the stallion, 180 Ixm in the dog, and 

236 Ixm in the boar. 
The normal testis is pale pink or even almost white. This is pre- 

sumably because of the large quantity of chromatin material. 
Abnormalities that result in a lowering of spermatogenesis result in 
the dominance of other p igmen t s -  especially lipochrome pig- 
ments. The testes of boars become progressively brown with age, 
and are brown if degenerate. 

A frequent misdiagnosis is made in equine fetal and neonatal gonads. 
Fetal testes undergo hypertrophy because of hyperplasia of the 
interstitial endocrine cells. These cells contain lipochrome pig- 
ments that are especially noticeable during the atrophic stage that 
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Figure 5.9 Equine fetal testis and epididymis (upper) with physiotogicat 
gonadal hypertrophy: testis is dark brown. Testis undergoes atrophy to 
become the size of the normal, neonatal testis (lower) before it passes 
through the inguinal canal 

occurs prior to birth. Many a practitioner and pathologist have 
been fooled by the apparent brown discoloration of the testicular 
parenchyma of the neonatal testis (Fig. 5.9). 
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Anomaties of devetopment 

Cryptorchidism 
Incomplete descent of the testes and associated structures (cryptorchidism) is 
one of the most common abnormalities of the male reproductive system, and 
is the most common genital abnormality of the male cat and horse. 
Descent of the testes, epididymides, and spermatic cord (including 
the testicular artery and vein and the deferent duct) is a complex 
series of events that requires hormonal, constitutive, and nervous 
control. Individual cases of cryptorchidism may be due to genotypic 
or environmental causes. Complete testicular descent usually occurs 
prior to birth in most species, with the exception of the dog. 

Maldescent creates several problems. Most cases are presumed to 
be inherited, and, as such, breeding from affected individuals is not 
recommended. Retained testes lack spermatogenesis, and fertility may be 
compromised. Increased rates of testicutar neoplasia are associated with 
cryptorchidism in several species, most notably the dog. Finally, tes- 
ticular torsion is found almost exclusively in maldescended testes, 
although the stallion may be an exception. 

Testicular (and therefore epididymal) descent occurs in three 
main stages: the relative transabdominal migration phase, the intra-inguinal 
phase, and extra-inguinal migration. The first phase may be partially 
controlled by Miillerian inhibitory substance, the second phase 
requires increased intra-abdominal pressure, and the third involves 

interaction of androgen, calcitonin gene-related protein, the gen- 
itofemoral nerve, and perhaps other factors. The exact mechanisms 

are yet to be elucidated in domestic mammals, but they no doubt are 
complex and involve an interrelationship of systemic and local fac- 
tors. The effects of endocrine disruptors on male development are 
increasingly important, as multiple anomalies such as reduced 

anal-genital distance, delayed preputial separation, hypospadias, and 

ectopic and maldescended testes can all be induced by antiandro- 
genic and estrogenic chemicals. 

In early fetal life, a cranial gonadal suspensory ligament supports 
the testis. It is retained when there is a lack of exposure to andro- 
gen, in which case subsequent development of the gubernaculum 
testis also is impaired. The gubernaculum testis is a gelatinous cord 
of tissue that extends from the caudal pole of the testis to the 
inguinal area and it exerts traction on the testis.A mutation in the 
G R E A T  gene, which is highly expressed in the gubernaculum and 

may mediate response to hormones, has been associated with intra- 

abdominal cryptorchidism in humans and, experimentally, in mice. 

Diagnostic pathologists are frequently asked to ensure that the tissue 
removed during cryptorchidectomy was testis.Where the tissue resembles 

normal testis, there is little challenge, but, all too often, the retained 
testis has degenerated or is twisted and only a small remnant 
remains. The most difficult cases are those where necrosis of the 
testis presumably has occurred and all that remains is scar tissue and 
hemosiderin- and lipofuscin-containing macrophages. Anorchia is 
very rare and, where possible, should be separated from degenera- 
tion or death of a retained testis. 

The structural anomalies associated with the failure of the testis 
to migrate to the scrotum include splenogonadal fusion, retention 

of the cranial gonadal suspensory ligament, and abnormalities of 
the gubernaculum and vaginal process. 

A hereditary basis for cryptorchidism has been established or sug- 
gested in all species. Chromosomal abnormalities are implicated in 
many species including rams, bulls, and stallions. Chromosomal 
anomalies were detected in humans in 4% of a group of 160. 

However, a hereditary basis is unlikely in outbreaks of cryp- 
torchidism, and hormonal and environmental factors are more likely. 

Retained testes in pubescent animals are smaller than their nor- 
mal counterparts (Fig. 5.10).This is because of the deleterious effect 
of body temperature on spermatogenesis. The seminiferous tubules 
are smaller than normal and often present with the "Sertoli cell 
only" pattern. Germ cells may be recognized in young animals, but 
in older animals, degenerative changes such as interstitial fibrosis and 
thickening of basement membranes superimpose on the hypoplastic 
appearance. In extreme forms, the outlines of distorted basement 
membranes are seen in a sclerotic tissue. Hyperplastic foci of Sertoli 
cells occur in some retained testes and these may be sites of devel- 
opment of Sertoli cell tumors. In unilateral testicular maldescent, 
which is typical, the contralateral testis is hypertrophied. 

Cryptorchidism is the most common disease of the reproductive 
tract in male cats, and Persians are over-represented. The failure of 
testicular descent in cats tends to be unilateral without a bias to one 
side or the other. The testis can be anywhere along the migration 

path, although inguinal cryptorchidism predominated in one study. 
In dogs, cryptorchidism may be an inherited disease (autosomal 

recessive) in some breeds, although there is some doubt that this is 
the main cause. Although it is a frequent clinical finding, tittle is 
known of the mechanism and features of the condition. There are 
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Figure 5.11 Intra-abdominat testis of a dog that developed a SerLoLi ceLL 
tumor. The testis subsequently underwent torsion and venous infarction. 

Figure 5.10 UniLateraL abdominally retained testis (right) from a ram. 
The contraLateraL testis ([eft) was within the scrotum and is more bulbous 
than normal because of compensatory hypertrophy. 

associations of cryptorchidism with several other diseases in dogs. 
The association between testicular neoplasia and testicular maldescent is well 
recognized. Sertoli cell tumors are the most common, especially in 

abdominally retained testes. Seminomas are the second most com- 
mon neoplasm, and they are mostly in inguinally retained testes. 
Persistent Miillerian duct syndrome in Miniature Schnauzers is 
associated with unilateral or bilateral testicular maldescent.Testicular 
torsion usually involves cryptorchid tes tes -  especially if there is a 
concomitant testicular neoplasm (Fig. 5.11). Other diseases associ- 
ated with ectopic testes are patellar subluxation, hip dysplasia, penile 
and preputial defects, and umbilical and inguinal hernias. 

Dogs are more likely to have retention of  the right testis - per- 
haps because of  a longer pathway for descent of  the testis, or a less 
well-defined gubernaculum on the right. Inguinal testes predomi- 
nate over intra-abdominal.Testicular neoplasms-  Sertoli cell tumor 
and s e m i n o m a -  are more prevalent in the right side also. Descent 

is usually complete by 3 months of  age in the dog. Hormonal  stud- 

ies suggest that LH is lower in cryptorchid dogs, and the cryp- 

torchid testis mediates the inhibition of  LH secretion. 

Cryptorchidism is common in boars .There  is a hereditary basis, 
with the trait being recessive, and in the Duroc breed there may be 
involvement of  recessive genes at more than one locus. Abnormal 
development of  the gubernaculum including underdevelopment, 
excessive growth, and an abnormal location is the main cause of 
cryptorchidism in pigs. 

Cryptorchidism is infrequently reported in bulls, but this does not 
necessarily indicate a low prevalence - because it is easily recognized 

by laypersons who do not report its occurrence. Retention of the 

testis and epididymis is mostly in the inguinal region, and occurs 

about twice as often on the left as compared to the right side. Polled 

Hereford and Shorthorn cattle are more at risk than other breeds. 
Little is known of the pathogenesis of cryptorchidism in bulls, 
although it is believed to be hereditary. The appearance of the cryp- 

torchid testis is similar to that of hypoplastic testes and epididymides. 

Neoplasia is very rare, with an interstitial cell tumor being reported in 

a cryptorchid calf. 
In rams,  cryptorchidism is most likely the result of an autosomal 

recessive mode of inheritance, but it may also be due to a dominant 
gene with incomplete penetrance. Unilateral maldescent is more 
common than bilateral involvement, and the right testis is most often 
retained. Castration of ram lambs in many parts of the world is done 
by laypersons, and hemicastration is likely in unilateral cryptorchid 
animals. Some castrated animals have only their scrotum removed, 
leaving the testes in an "induced cryptorchid" state. Cryptorchidism 
in sheep has an increased prevalence in polled animals. 

Cryptorchidism occurs sporadically in goats,  mainly involving 
the right testis. It is a regular feature of  the goat polled/intersex 

syndrome. 
There are many reports of  cryptorchidism in stallions, and the 

condition is particularly noted because of  the aggressive tendencies 

of stallions as compared to geldings. Testicular retention is 

usually unilateral, with about equal frequency as to side affected. 
Abdominal retention of  left testes is more common than inguinal; 
the reverse is the case on the right side. Neoplasia of  the retained 
testis is occasionally seen, with teratomas, seminomas, and Sertoli 
cell tumors being reported. 
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Other testicular anomalies 

Monorchia is the presence of only one testis. As a general term, 

monorchism is the result of cryptorchidism, severe unilateral testic- 

ular degeneration or agenesis. True agenesis occurs when there is a 

failure of one testis to develop. The differentiation between true 

agenesis and a cryptorchid with total testicular degeneration is 

impossible, but true agenesis is considered to be very rare.The pres- 

ence of supernumerary testes or fusion of abdominal testes is also very 

rare. 

The presence of testicular tissue outside the testis is reported in 

pigs, where nodules of tissue are found throughout the peritoneal 

cavity. In the cat, heterotopic interstitial endocrine cells are 

reported in the epididymis, and neoplasia of this tissue is reported. 

Fusion of the testes to abdominal organs such as the spleen is 

reported, and is a cause of cryptorchidism. 
Accessory or ectopic adrenal tissue is occasionally found in 

horses and rarely in other species. Most are located in the region of 

the head of the epididymis and distal spermatic cord (Fig. 5.12). 

Figure 5.12 Microscopic ectopic nodule of adrenal cortex in the epi- 
didymis of a ram. 

Variations in the shape of testes are described. "Hour-glass" 

shaped, round, and horizontally placed testes are all reported. 

A variety of cystic structures have been described in and around 

the testis and epididymis. Some arise from the rete testis and others 
are remnants of mesonephric ducts or ductules, or paramesonephric 
ducts. 
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Ductular anomalies 

The ducts that transport spermatozoa and fluid from the testis join 

the intratesticular rete testis to the pelvic urethra. Maturation and 
storage of spermatozoa occurs in this conduction system. There is a 

single duct from the efferent ductules to the urethra, and any inter- 

ruption has potentially catastrophic effects to the fertility of that 

side.The eventual effect of continuous spermatozoal production and 
disruption of one of the efferent ductules has a similar outcome. 

Many ductular anomalies have minor significance. Melanosis of 

the epididymis occurs in rams and bulls. Adrenal ectopia, various 

cystic remnants of the mesonephric and paramesonephric ducts 
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Figure 5.15 Unil.aterat aplasia of the tail of the epididymis (right) in a buLL. 

Figure 5.13 Miniature Schnauzer dog with persistent MiiRerian duct 
syndrome. This dog is phenotypicaLty mate with retained testes (sectioned) 
and weLt-deveLoped uterine horns and body 

Figure 5.16 Sperm granutoma of the epididyma| head in a clo9. 

Figure 5.14 Bilateral congenital retention cysts at the junction of the 
head of the epididymis and testis of a ram. 

(Figs 5.13, 5.14), and inclusion cysts also are reported in the epi- 
didymis. Most are incidental findings and are important as differen- 
tial diagnoses for epididymitis. 

Segmental aplasia of the mesonephric duct is an important condition 
because it has a profound effect on fertility of the affected side (Fig. 
5.15). Segmental aplasia is rare, but further examination of species 
(such as the cat) in which it has not been reported would no doubt 

complete the list of species in which it is known to occur. Unilateral 
aplasia may be an inherited condition.The lack of one part of the epi- 
didymis or deferent duct is most likely to be identified if the tail of the 
epididymis is missing, so it is not surprising that this is the most fre- 
quently recognized anomaly. Apart from an absence of the structure, 
continuous production of spermatozoa results in the complications of 
spermiostasis, tubular dilation, formation of sperm granulomas, dila- 
tion of the mediastinum testis, and testicular atrophy. Examination of 
the accessory genital glands will usually reveal a smaller vesicular gland 
on the affected side - presumably because of a lack of trophic stimuli. 
Hypertrophy of the contralateral testis is also likely. 

Sperm granuloma of the epididymal head (Fig. 5.16) is often mistaken 
for infectious epididymitis. Failure of one or more of the 12-25 
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Figure 5.17 Bitaterat sperm granutomas of the epididymat head 
(arrows) in a goat. Each efferent ductutar region, and the head of the epi- 
didymis are large and contain sperm granu[omas. 

efferent ductules to join with the epididymal duct is believed to be 
the underlying defect. After puberty, the blind-ended ductule(s) fill 
with spermatozoa and, with spermiostasis, may rupture and/or form 

a sperm granuloma. The associated inflammation and fibrosis will 

eventually cause obstruction of other efferent ductules or the epi- 

didymal duct. The result will be complete obstruction to flow of 

spermatozoal-rich fluid and progressive formation of more sperm 
granulomas. The distal epididymal tissues are reduced in size, the 

mediastinum testis dilates, and the testis undergoes pressure atrophy. 
This condition is often misdiagnosed as epididymitis and the poten- 
tial congenital or hereditary basis for the problem is missed. Sperm 
granuloma of the epididymal head is a common finding in polled 
Saanen goats, where they may be bilateral (Fig. 5.17). 

Ectopic interstitial endocrine cells and ectopic interstitial cell tumors 
have been reported in the tunica albuginea, mediastinum testis, or 
spermatic cord of cats. 

Many cystic lesions have been reported in the tunica albuginea, 

epididymis, spermatic cord, and adjacent to the accessory genital 

glands. These are presumed to be remnants or duplications of the 

paramesonephric and mesonephric duct systems. Remnants of the 

mesonephric duct include the paradidymis (interna and externa), 
epididymal cysts, and appendix epididymis. So-called retention cysts 
are very common in the region of the head of the epididymis, espe- 
cially in rams (see Fig. 5.14). They are usually up to 3 mm in diam- 
eter, contain clear fluid, and are lined by epithelium similar to that 
of the epididymis. The paradidymis is seen proximal to the epi- 
didymis in the spermatic cord as one or several small cysts, particu- 
larly in neonates. Other cysts, seen particularly in the epididymis, 

can be microscopic or up to 4 cm in diameter. 

Remnants of the paramesonephric ducts include the appendix testis, the 
uterus masculinus near the accessory genital glands, and, in some cases 

a completely retained duct that runs beside the testis. Histologically 

these may have the appearance of a juvenile uterus with prominent 

musculature and uterine glands. 
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Variation in testicutar and epididymat size 

The daily spermatozoa output of the testes is directly and highly 

correlated to testicular volume, most commonly evaluated using 

scrotal circumference, for which reference ranges have been estab- 

lished by species or breed.Testes above this range are hypertrophied; 

those below the range are too small because of atrophy or hypopla- 

sia. Even experienced pathologists have difficult), in differentiating hypoplas- 
tic from atrophic testes in adults. This is because there are variations in 
the degree of hypoplasia and, over time, hypoplastic testes may 
undergo degeneration.The dogma is that in atrophic testes, the ratio 

of testicular to epididymal weight is reduced since the reduction in 
size of the testis is greater than the reduction in size of the epi- 
didymis. The basement membrane of appropriately fixed atrophic 

testes is buckled or has a "wavy" outline. In hypoplastic testes, the 

ratio of the weight of the testis to epididymis is similar to that of 

normal testes. The size of both is smaller that normal and there are 

histological features of spermatogenic arrest in tubules that are 
smaller than age- and breed-matched controls. The best method to 
be sure that degeneration has occurred is to demonstrate a decrease 
from normal testicular weight or size over time. In contrast, 
hypoplastic testes are smaller than normal and remain so. Since 
pathologists usually must make an assessment based on a single 
observation, a diagnosis of"small testes" is not necessarily an indica- 
tion of ignorance; rather, it is an indication of appropriate caution. 

Testicular hypertrophy 

Enlargement of an otherwise normal testis is rarely a primary dis- 

order. Secondary or compensatory hypertrophy is a unilateral condition 

that indicates an underlying disease such as orchitis or neoplasia in 
the contralateral testis. It is a well-recognized phenomenon in 
hemicastrates, and in hypoplasia, cryptorchidism, or atrophy of the 
contralateral testis (see Fig. 5.10). Hemicastration of prepubertal 
boars, especially in those younger than 3-4 months, results in dra- 
matic hypertrophy of the contralateral testis. In rams and bulls, 
hypertrophy appears to occur mostly when the unilateral condition 
is present during the peripubertal period and is associated with 
increased FSH production.The increase in size can be up to 100%, 
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Figure 5.18 Testes and epididymides of four rams of the same age. There 
is a gradation of testicular hypoplasia from severe (upper teft) to normal 
(lower right). 

and is due to an increase in the size of  Sertoli cells and in the num- 

ber of germinal cells per Sertoli cell. In some instances there may 

be an increase in the number of Sertoli cells and spermatogonia, 

and an increase in diameter and length of seminiferous tubules. 

The presence of dilated cystic remnants and pseudocysts can also 

cause, or be confused with, enlargement of a testis. Occlusion of  the 

efferent ductules can lead to dilation of the rete and mediastinum 

testis and appear as testicular enlargement, although the thickness 

and fibrous nature of the tunica albuginea makes sudden enlarge- 

ment of  the testis less likely. Adhesions and thickenings of the 

tunica vaginalis can also appear clinically as testicular enlargements. 

To the unsuspecting, lesions of the scrotum or its contents are fre- 

quently mistaken as testicular enlargement; hydrocele, epididymitis, 

or the presence of  sperm granulomas are examples. 
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Figure B.19 A. Normat seminiferous tubu|es of an adutt buE B. Severe testicu|ar hypoptasia in a butt, with the Sertoti cett onty pattern and a comptete 
tack of germ cetts. 
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Testicular hypoplasia 

Hypoplastic testes have failed to grow to a normal size. Testicular 

hypoplasia occurs in cryptorchidism, some intersex conditions, and as an 

"uncomplicated" disease. It can be unilateral or bilateral, and the small 

size is because of a reduction in the amount of the seminiferous 

epithelium.An affected testis is grossly similar to a normal testis in 

almost every way, except size (Fig. 5.18). 

Hypoplasia is the potential outcome of a large number of differ- 

ent abnormalities that may operate at a systemic or local level, as 

perhaps occurs in the case of unilateral disease.The small size is the- 

oretically because of an abnormally small number, length, or diam- 

eter of tubules, or one or more combinations of these (Figs 5.19A, 

B and 5.20). Germ cells may be absent, or be present but fail to pro- 

duce enough spermatozoa. Germ cells may have failed to migrate 

to the genital ridge in utero, failed to migrate in sufficient numbers, 

failed to survive, or they may have arrested development, undergo 

excessive apoptosis, or undergo degeneration at some stage ofsper- 

matogenesis (Fig. 5.21). 

Studies of hypoplasia have been mostly observational, at the 

clinical, gross, or microscopic level. Microscopic abnormalities include 

a total lack of germ cells, arrested spermatogenesis in all tubules, or 

arrested spermatogenesis that varies from tubule to tubule (low germ 

cell resistance). Hypoplastic testes with a total lack of germ cells are 

very small and fail to enlarge from their size at birth. Those testes 

with arrested development of all tubules fail to progress beyond a 

certain stage of spermatogenesis. 

A deficiency of gonadotrophins is associated with hypoplasia 

(hypogonadotrophic hypogonadism) in men and mice, but studies 

in domesticated mammals indicate a normal or raised serum con- 

centration of FSH and LH. Testosterone concentration was lower 

than normal in some bulls with hypoplasia; in sheep, testosterone 

and inhibin concentration may be normal. 

At the chromosomal level, testicular hypoplasia in animals with a 

condition resembling Klinefelter's syndrome is recognized. Affected 

cats, bulls, dogs, pigs, horses, and sheep have an XXY genotype or a 

mosaicism with XXY chromosomes. The best known of these is the 

male tortoiseshell or calico cat. In goats of the Saanen breed with the 

gene for polledness, testicular hypoplasia is seen in genetically female 

pseudohermaphrodites.A variety of other chromosomal abnormali- 

ties have been identified as being associated with hypoplasia. 

At the genetic level, hypoplasia is known or suspected to be 

hereditary in the bull, ram, and buck. The exact genetic abnormality 
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Figure 5.20 Hypoplastic seminiferous tubules adjacent to normal 
tubutes of a butt. 

Figure 5.21 Seminiferous tubutes of a butt with testicular hypoptasia 
Tubutes have arrested spermatogenesis. 



is often not established. There are few studies of hypoplasia in 

domesticated animals, but there are some special features of the dis- 

ease in selected species discussed below. 

Hypoptasia in bucks 

There are several types ofhypoplasia recorded in bucks. It is a com- 

mon abnormality in the polled/intersex (XX sex reversal) syn- 

drome of polled Saanen goats, where the animals are genotypically 
female but phenotypically male.The testes of affected animals have 

rudimentary seminiferous tubules. Other sporadic forms ofhypopla- 

sia occur, and the cause is not known. 

Hypoptasia in butts 

As with other species, testicular hypoplasia in bulls probably is a 

multifactorial condition. Studies suggest it is hereditary, particularly 

in the Swedish highland breed, where it has a recessive inheritance 
with incomplete penetrance.Animals with white body and ears are 
particularly likely to have hypoplasia. The majority of unilateral 
hypoplastic testes are on the left side. 

The defect in hypoplasia varies from case to case. Some are 

regarded as a "germ cell weakness," whereby germ cells are present 

in most seminiferous tubules but there is marked pyknosis of 

primary spermatocytes. Some are described as having "sticky 

chromosomes" with the presence of multipolar spindles in primary 

spermatocytes, or having germinal epithelium that does not progress 

to spermatogenesis. Other cases of hypoplasia have a Sertoli cell- 
only pattern or they have some normal and abnormal tubules 
intermixed, often with affected tubules being in the more dorsal 
parts of the testis. Despite the various abnormalities observed, there 

generally appears to be a cessation of spermatogenesis at some stage, 

with either degeneration or excessive apoptosis of the germinal 
epithelium. 

Hypoptasia in cats 

Testicular hypoplasia is a sporadic disease of cats. It is most fre- 
quently seen on cryptorchid animals and in cats with a tricolor or 
calico coloration. Males with tricolor or calico coloration often 
have an XXY genotype.Affected cats may have no germ cells and 
markedly hypoplastic testes with small diameter tubules. Chimeric 
animals may be fertile. 

Hypoptasia in dogs 

A diagnosis of testicular hypoplasia in dogs is usually made only after 

azoospermia is found during an investigation of infertility. Hypoplasia 

cannot be implicated as a cause of azoospermia if the dog has been 
previously fertile, and can only be considered if acquired azoospermia 

can be ruled out with certainty. Confirmation of congenital azoosper- 
mia because of testicular hypoplasia requires historical information or 
testicular biopsy after the expected date of puberty. 

Congenital azoospermia occurs in some lines of dogs. This sug- 
gests a familial or hereditary basis, implicating inbreeding. 

Hypoplasia is commonly seen in animals with failure of testicu- 
lar descent, and in chromosomal abnormalities such as XX sex 

reversal and XXY syndrome. Offspring of bitches treated with 

diethylstilbestrol may have hypoplastic testes. 

Hypoptasia in rams 

Testicular hypoplasia of rams usually is a sporadic disease that may 

be either bilateral or unilateral. The disease is not well studied. A 
condition resembling Klinefelter's syndrome, with an XXY geno- 
type is reported. Zinc deficiency has been implicated in some cases. 

Various degrees of hypoplasia are recognized, and affected testes 

may have tubules that, at the extreme are about 90 b~m in diameter 

(normal 160 I~m) and are lined by mostly fetal Sertoli cells.An out- 

break of gonadal hypoplasia that affected rams born within a short 

time frame is reported. The affected testes were uniformly small 

and had a "Sertoli cell-only" pattern histologically. An environ- 

mental cause was suspected. 
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• Advancing age 
• Chemicats 

1. Chemotherapy 
2. Chtorinated naphthatenes 
3. Hatogenated compounds, including hexachtorophene 
4. Nitrogen-containing compounds, including benzimidazotes, nitrofurans 
5. Meta[ compound toxicity 

• Epididymitis 
• Heat 
• Hormones 

1. Dexamethasone 
2. Estrogen 
3. Testosterone 
4. Zearatenone 

• Neoptasia 
1. Pituitary tumors 

• Nutritionat disorders 
1. Negative energybatance 
2. Fatty acid deficiency 
3. Hypovitaminosis A 
4. Hypervitaminosis A 
5. Hypovitaminosis B 
6 Hypovitaminosis C 
7. Hypovitaminosis E 
8. Protein and amino acid deficiency 
9. Zinc deficiency 

• Ptants 
1. Locoweed (Astrogotus) 
2 Lysine seeds(gossypo[) 

• Radiation 
• Stress/corticosteroid therapy 
• Trauma 
• Ultrasound 
• Vira[ infection 

1. Porcine reproductive end respirotory syndrome virus 
2. Conine distemper virus 
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Testicular degeneration 

Testicular degeneration is manifested clinically and grossly as atrophy, mineral- 
ization, and fibrosis. It usually occurs because of influences external to 
the testis (see Testicular hypoplasia).There is a seemingly endless list of 
potential causes, as outlined in Table 5.1.The close interrelationship of 

the Sertoli cells, interstitial endocrine cells, and germ cells means that 
insults to any one or several of them eventually affect them all. Even 
though the insult is external to the testis, the manifestation in the testis 
is not always bilateral or uniform. The testes of aged bulls frequently 
degenerate from the ventrum, and those from rams appear to degen- 
erate from the dorsum. 

Testes undergoing degeneration are usually reduced in size. In 

early or rapidly progressing degeneration, the testis is soft and 
flabby, lacks turgor, and the cut surface does not bulge.Wrinkling of 

the tunica albuginea may be apparent. With ongoing loss of fluid 
and reduction in the germinal epithelium relative to the stroma, the 
result is a small testis of firm consistency. The substance of the testis 
takes on a darker color that is often brown. Since the epididymis 
usually is less affected than the testis, it ultimately will appear to be dis- 
proportionately large (Fig. 5.22A, B).With continued degeneration 
and fibrosis, the testis becomes increasingly hard and variable min- 
eralization may occur (Fig. 5.23). 

IN 

Figure 5.22 A. Unitatera[ testicutar degeneration in a butt. The epididymis of the atrophic testis appears disproportionatety [arge. B. Discotoration (brown) 
of the testis and mineratization of seminiferous tubutes in a bull with testicu[ar degeneration/atrophy 
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Figure 5.23 Testicu|ar atrophy and resuttant darker testicutar c0[0r, and 
muttif0cat mineratization in a buck. 

Testicular degeneration may be uni- or bilateral, and it is assumed 
that unilateral degeneration is the result of a local event, while bilateral 
degeneration usually is the result of a systemic problem. 

Histological changes in degeneration (Fig. 5.24A, B) vary in 
degree, but are relatively stereotypic. In the early stages, Sertoli cells 
develop either a fine basal vacuolation or a more dramatic vacuola- 
tion of the apical cytoplasm.There also is disorganization and exfo- 
liation of germ cells. In some cases there may be failure of release 
of germ cells from Sertoli cells (spermiation) and spermatozoa are 
phagocytized by Sertoli cells. 

Early changes in the germ cells include failure of maturation of 

spermatozoa and degeneration of spermatids; many spermatids are 

necrotic and others produce characteristic spermatidic multinu- 

clear giant cells. When the degeneration is more advanced, the 
affected areas are more extensive and degenerative changes appear 
in the precursors of spermatids. Depending on the insult, there may 
be cytoplasmic vacuolation and nuclear pyknosis, or apoptotic bod- 
ies are seen. Progression of the changes results in loss of germinal 
cells, and eventually, loss of even the resistant Sertoli cells. Basement 
membrane thickening is a frequent finding, and as a result of 
shrinkage and collapse of tubules, it becomes wavy and buckled. 
The PAS stain clearly accentuates the basement membrane change. 

In ultrastructural studies of the testes of normal bulls and bulls with 

atrophy or hypoplasia, mean thicknesses of the actual basal lamina 

were approximately 0.7, 1.5, and 1.0 txm, respectively. 

Once-only scrotal heating can cause the appearance of giant cells 

in degenerate testes and perhaps in the semen. Two types of giant 
cells, mononuclear giant cells probably derived from pachytene 

spermatocytes that fail to differentiate further, and multinucleate 
cells considered to be derived from coalescence of identical sper- 
matids, are observed histologically. Even extremely brief heating, of 
several minutes only, induces giant cell formation. Such giant cells 
are seen as early as 6 hours and as late as 7 weeks post-heating, but 

they seem to be most prevalent at about 1 week. The fate of these 

cells is unclear. They may disintegrate or pass out of the testis. In 

addition to giant cell formation, minor increases in testicular tem- 
perature in sheep produce a marked accumulation of B-type sper- 

matogonia; histologically this can be demonstrated by the presence 

of many cells in which mitosis is incomplete. 

Granulomas can form in degenerate testes (Fig. 5.25A, B). This 
and the presence of lymphocytes and plasma cells indicates an 
immune response to spermatozoa, but complicates the differentia- 
tion of simple degeneration from interstitial orchitis. Osseous meta- 
plasia sometimes occurs in tubules affected by spermiostasis for a 
long time. 

Mineralization is a common sign of degeneration, and it may 

involve all or part of one seminiferous tubule, or whole regions 

(Fig. 5.26). This latter pattern of change is only significant if the 

testes are to be biopsied, wherein the section may not be represen- 

tative of the whole. 

The basic mechanism of degeneration of the cells that make up 
the germinal epithelium is presumed to be via apoptosis. 

The testis is very susceptible to the effects of increased scrotal tempera- 
ture. Both testicular and epididymal function are altered when 

intrascrotal temperatures increase. In the epididymis, an increase in 
temperature reduces m R N A  expression of a spermatozoal mem- 
brane glycoprotein (CD52) in a testosterone-independent manner. 
An inability to maintain the testes at a temperature lower than nor- 
mal body temperatures can occur with pyrexia, increased environ- 
mental temperatures, scrotal thickening and hair and wool cover, 
and by the presence of intrascrotal inflammation or scrotal der- 
matitis.Varicocele is also implicated in the failure to maintain tes- 
ticular thermoregulation. The progressive degeneration of 
maldescended testes is believed to be the result of abnormally high 
testicular temperature. 

Degeneration of the testes with advancing, age is a recognized phenome- 
non. The cause is not fully known but it may be secondary to 

degenerative vascular lesions within the testis. Old bulls and rams 

have a diffuse increase in intertubular stroma and a decreased pro- 

portion of tubular mass. Other changes include increased thickness 

of tunics and tubular basement membrane, increased proportion of 
degenerate tubules, and an apparent increased number of interstitial 
endocrine cells, which contain increased lipofuscin. 

Gonadotrophins are essential for the normal development and 
function of the reproductive tract. The pathology of disruptors of 
endocrine function is a major focus because of the effects of antian- 
drogenic and estrogenic substances on male reproduction. Substances 
that reduce androgen concentrations, such as lead and ethanol, 
adversely affect spermatogenesis and cause degeneration. Some- 

times the degeneration is subtle - such as reducing the number of 
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Figure 5.24 Testicutar degeneration in a butt. A. Tubutes are at various stages with changes that inctude a Sertoti cett onty pattern, reduced spermatoge- 
nesis, and buckting of basement membranes. Hyatinized brood vessets are in the interstitium. B. More advanced degeneration with hyatinized tubutes and 
deptetion of both germinat and Sertoti cetts. 

spermatids. Drugs and chemicals (phenobarbital, DDT) that stimu- 
late the hydroxylases that reduce testosterone activity also can cre- 
ate antiandrogenic effects. 

Some directly acting toxicants are known in domesticated mam- 
mals. These may be derived from plants, or from other environ- 
mental or therapeutic sources. Biotransformation of such compounds 
can occur in the testis, as those formed elsewhere may not attain 
significant concentrations in the testis. The toxicant may affect any 
one or several of the cell types, including the Leydig cells, Sertoli 
ceils, spermatogonia, spermatocytes, spermatids, spermatozoa, or the 
epididymal tissues. 

Interstitial endocrine cell toxicants, as expected, affect testosterone 
production. Ketoconazole, ethanol, acetaldehyde, and cannabinoids 
are examples.Their effects include alteration of Sertoli cell function 
and maturation of germ cells, especially pachytene spermatocytes 
and spermatids. 

Direct Sertoli cell toxicants will have detrimental effects on the 
blood-testis barrier, orientation and translocation of germ cells, 

hormonal and nutritional support of germ cells, and phagocytosis 
of residual bodies. The targets for toxicants include the actin fila- 
ments, intermediate filaments, and microtubules. Cytochalasin dis- 
rupts actin filaments, acrylamide disrupts intermediate filaments, 
and colchicine, vinblastine, and vincristine affect microtubules. 

Fortunately, many of these drugs, when used at therapeutic doses, 
have a temporary effect that is reversed when therapy ceases. 

Effects seen microscopically include vacuolation or swelling and 
germ cell changes. Failure of spermiation can occur. 

Toxicants that affect the germ cells are those that are used to pre- 
vent rapid mitotic division, and the spermatogonia are the major 
targets. Adriamycin and cyclophosphamide are examples. Damage 
by these compounds to the genetic composition of stem cells will 
also have effects on the later stages of development, up to sperma- 
tozoa. Toxicants of the other germ cells are little recognized in 
domestic species, although in rodents, ethyl glycol alkyl ethers affect 
spermatocytes, nitroimidazoles affect spermatids, and compounds 
that impinge on energy metabolism affect spermatozoa. Damage to 

various stages causes apoptosis, with a rapid uptake of the detritus by 
Sertoli cells. Within 48 hours, there may no longer be evidence of 
apoptosis- just the appearance of"maturation arrest." 

Toxicants can also affect the efferent ductules and epididymis 
and/or the spermatozoa in transit.The difficulty with investigating 

efferent ductular toxicosis is separating the effect due to alteration 
in testosterone concentration, and direct toxic effects. Substances 
that affect the efferent ductules include cyclophosphamide, methyl 
chloride, and reserpine. Such toxicants decrease spermatozoal con- 
centration and cause spermiostasis, sperm granuloma formation, 
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Figure 5.25 A. Spermatozoat stasis in remnants of seminiferous or straight tubules near the mediastinum testis. B. Sperm granutoma in a focus of sper- 
matozoa[ stasis in the testis of a butt. 

and necrotic and degenerative changes to the epithelium. Several 
have direct effects on spermatozoa in the ducts. 

There are few reports of  direct viral infection and their effects on 

spermatogenesis. However, Porcine repwductive and respiratory syn- 
drome virus replicates in germ cells, alters spermatogenesis, and 

induces apoptosis. Canine distemper virus infection of dogs can cause 

testicular degeneration. 
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Inflammation of the testis and epididymis 

Orchitis 

Apart from bulls in areas endemic for Brucella abortus or tuberculo- 

sis, orchitis is a rare and sporadic disease in domesticated animals. 

The vast majority of cases diagnosed clinically as orchitis are actually epi- 
didymitis (see below). Focal accumulations oflymphocytes are occa- 

sionally seen in the testes of  most species as incidental findings (Fig. 

5.27). Lymphocytic (or nonsuppurative) inflammation is seen in 

some infertile animals; an immunological pathogenesis is invoked 

after it was demonstrated that immunization of  guinea pigs and 

bulls with spermatozoa induced inflammation of  the rete testes. 

Efferent ductules are also involved experimentally. 

Orchitis as the primary and severe disease has historically been 

attributed to brucellosis or tuberculosis.Tuberculous orchitis is a mul- 

tifocal granulomatous disease that is much less common now because 

of eradication in many countries. Brucellosis is similarly reduced in 
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Figure 5.26 Mineral izat ion of seminiferous tubules in the testis of a butt 
with testicutar degeneration. 

prevalence. Brucella abortus (bulls), Brucella suis (pigs), Brucella canis 
(dogs), and Brucella melitensis (goats) can cause orchids as a dominant 
change. However, epididymitis is often the primary manifestation. 

Orchitis occurs sporadically in cats with feline infectious peri- 
tonitis, in rams and bucks with Corynebacterium pseudotuberculosis, in 
pigs with Burkholderia pseudomallei, and in stallions with migrating 
larvae of Strong?lus spp. nematodes. Sporadic infection with other 
bacteria will no doubt occur from time to time. The relative isola- 
tion of the testis suggests that infection with the various agents is 
mostly hematogenously derived, or occurs by direct penetration. 

Orchitis has been divided into three major categories: interstitial 
orchitis, intratubular or granulomatous orchids, and necrotizing 
orchitis. 

Figure 5.27 Focal interstit ial  accumulation of tymphocytes with 
seminiferous tubular degeneration in a stallion. 

Intratubutar orchitis 

Intratubular orchitis probably results from ascending infection. 
Macroscopically, solitary or multiple white-yellow foci of up to 
- 1  cm in diameter are seen. Histologically, the tubule outline is 
retained in the affected area, but the seminiferous epithelium is 
obliterated and replaced by numerous macrophages and multinucle- 
ated giant cells that surround neutrophils and debris (Fig. 5.29A, B). 
The pathogenesis of this granulomatous orchitis is comparable to 
sperm granuloma formation in the epididymis. Sertoli cell hyper- 
plasia and mineralization may accompany these changes. 

Interstitial orchitis 

Interstitial orchitis may not be recognized macroscopically, but his- 

tologically it is characterized by lymphocytic infiltration of intertubular 
stroma, with concurrent or subsequent fibrosis (Fig. 5.28). In bulls, small 
mononuclear infiltrates are frequently observed adjacent to seminif- 
erous or fete tubules or efferent ductules of otherwise normal testes. 
Such foci may be of infectious or immune origin, the latter being in 
response to antigen leaking from a damaged tubule. In stallions, 
interstitial lymphocytic foci, often perivascular, are particularly com- 
mon and occur in areas of tubule degeneration and vasculitis. Foci 
oflymphocytes in cats are considered an age-associated change. 

Necrotic orchitis 

Necrotizing orchitis is characteristic of brucellosis but may result 
from other infections, or conditions causing severe trauma or 
ischemia of the testis. Severe periorchitis may reduce blood supply 
to the testis so that it dies and becomes a necrotic mass encased 
within the markedly thickened tunics. Necrotic areas are dry, 
yellow, often laminated, and slightly mineralized. The histological 
picture is ultimately one of coagulative necrosis bordered by 
fibrosis and inflammatory cells. Abscessation and fistulation 
through the scrotum may accompany necrotizing or other forms of 
orchitis. 
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Figure 5.28 Lymphocytic infiltrates in the interstitium of a bu[t with inter- 
stitia[ orchitis and degeneration of seminiferous tubutes. 

Many infectious agents have been isolated from testes or semen 
of animals with orchitis, but the significance of many and perhaps 
most isolates is unclear. 

Orchitis in bulls 

In bulls, viruses have been isolated from testes or semen, but 
changes in the testes are observed in association with only some of 
them. Persistent infection with Bovine viral diarrhea virus causes sper- 

matozoal defects, but no distinct histologic lesions in the testis. 

Severe interstitial orchids and testicular degeneration associated 

with inflammation of spermatic arteries occurs in malignant catarrhal 

fever. In experimental bluetongue virus infection in bulls, intersti- 
tial orchitis is also associated with arteritis. Clinical orchids and 
aspermatogenesis have been observed in association with enterovi- 
ral infection, but lesions are not described.A focal nodular orchids 
may be observed in lumpy skin disease of bulls. 

Orchids caused by Brucella abortus occurs in regions of endemic 
bovine brucellosis. The live vaccine strain (strain 19) is also capa- 
ble of producing the lesion. In most instances, the orchids is acute 
and the lesion is irreversible. It may be unilateral but affected animals 
are sterile. The scrotum swells and is hot and doughy due largely to 

inflammatory changes in the tunics and to a lesser extent in the 

epididymis (Fig. 5.30). Swelling of the testis is limited by the inabil- 
ity of the tunica albuginea to stretch, and any swelling constricts 
venous and then arterial flow causing infarction. The cavity of the 
tunica vaginalis is distended with fibrinopurulent exudate. Scattered 
yellow foci of necrosis coalesce to produce total testicular necrosis. 
Sequestration by inflammation and thickening of the tunica soon 

follows. Sometimes the necrotic parenchyma liquefies and the organ 

then is a pus-filled cavity surrounded by a thick connective-tissue 

capsule. Rupture may occur but is unusual. Occasionally, the necrotic 
foci may not expand and coalesce but rather remain as dry areas of 

necrosis surrounded by a thick layer of fibrous tissue. 

Microscopically, the inflammatory involvement of the tunics is 
similar to any serous membrane with organization resulting in 
adhesions between the parietal and visceral layers. These adhesions 
may be extremely dense.Within the testes, the infection appears to 
progress along the lumen of the seminiferous tubules. The seminal 
epithelium becomes necrotic and desquamates. Large numbers of 

the organisms are visible in the lumen, especially when stained by 
the modified Ziehl-Neelsen method.At the early stage, a variety of 

leukocytes invade the interstitial tissues and form cuffs about the 

tubules. The tubules and the interstitial tissues then become 

necrotic. There is often focal necrotizing epididymitis complicated 
by the development of sperm granulomas. 

Tuberculous orchitis in bulls is an uncommon lesion, even in 
areas of endemic infection. The testis is less frequently involved than 

the epididymis or tunics.The granulomatous response to the tubercle 
bacilli is similar to the granulomas that occur to spermatozoa. 
Involvement of the testis may be either miliary or regional. In the mil- 
iary form, small or large caseous and mineralized foci are irregularly 

scattered throughout the testes but may spare the epididymis entirely. 

Broad bands of caseous necrosis radiate out from the rete testis in the 

more regional or diffuse form, and the epididymis is usually involved. 

This distribution is due to the extension of the chronic tuberculous 
process within the seminiferous tubules.The path of infection in such 
cases is probably intratubular from a primary epididymal lesion. 

Other bacteria causing orchids in bulls, sometimes in association 
with overt abscessation, include streptococci, staphylococci, 
Arcanobacterium pyogenes, Escherichia coli, Histophilus spp., and Salmonella 
spp. Actinomyces bovis, Actinobacillus sp., and Nocardiafarcinica may also 
cause bovine orchids. In nocardiosis, the lesions are at first nodular but 
ultimately transform the whole testis into an abscess, the capsule of 
which is the tunica vaginalis. 

Infection of bulls with Chlamydophila spp. causes orchids, and in 

field cases focal granulomatous lesions have been observed. The 

spontaneous occurrence of orchids and epididymitis has been 
described in a bull with Mycoplasma sp. infection. 

Orchi t is  in boars 

Pigs experimentally infected with Porcine rubulavirus, a paramyx- 
ovirus that causes "blue eye," may develop orchids and epididymi- 
tis. The virus targets the head of the epididymis where it causes 
interstitial inflammation and sperm granulomas. Interstitial fibrosis 
is seen in animals that recover.Viral antigen is seen in the epithelial 
cells. Seminiferous tubular degeneration and interstitial orchids 

occur in some animals. Suid herpesvirus 1 infection (pseudorabies, 
Aujeszky's disease) may cause edema of the scrotal region, but 
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Figure 5.29 Orchitis in a butt, caused by Brucello obortus. A. The inflammatory reaction is predominantty intratubutan B. Necrosis of tubutes and infLam- 
matory infittrates of [eukocytes. fibrin, and edema. 

results of experimental infection have varied. Viral replication 

occurs in the serosa after intratesticular inoculation; exudative peri- 
orchitis results. Intratesticular inoculation of boars with porcine 

parvovirus caused testicular degeneration. Enteroviruses and par- 
vovirus have been isolated from semen. 

Orchitis caused by Brucella suis results in multiple abscesses 
rather than confluent necrosis. Some cases have fibrinopurulent 
and hemorrhagic periorchitis. Abscessation develops in the epi- 
didymis as well as in the testis; there is central caseation surrounded 

by a zone of epithelioid macrophages, and these in turn by a broad 

connective-tissue capsule infiltrated by leukocytes. 

In some tropical countries, orchitis caused by infection with 

Burkholderia pseudomallei occurs in boars and other small domestic ani- 

mals. Lesions may also be found in the vesicular glands (seminal vesi- 

cles), prostate, and other organs. Extreme enlargement of the testis due 

to accumulation of purulent exudate may occur.The main histologi- 

cal lesion is multifocal caseous necrosis with marked mononuclear cell 

infiltration and encapsulation by much fibrous connective tissue. 
Severe testicular degeneration accompanies orchids. Other organisms 
isolated from boars with orchids include Arcanobacterium pyogenes, 
Streptococcus zooepidemicus, and Streptococcus equisimilis. 

Orchitis in stallions 

In stallions, mild interstitial orchitis is common. Similar lesions may 

be part of generalized vascular involvement in equine viral arteri- 

tis. Infarcts may also occur in equine infectious anemia. Orchitis 

can occur as part of systemic disease, and is reported in glanders 
(Burkholderia mallei), and as an acute suppurative, sometimes abscess- 
forming orchids in infection with Salmonella abortus-equi, Streptococcus 
equi, and Streptococcus zooepidemicus. Focal lesions due to the larvae 
of Strongylus edentatus may be seen in the testis, tunics, and epi- 

didymis, especially of young horses. Cryptorchid testes are more 

commonly affected. Hemorrhagic 2 mm wide tracts containing the 

migrating larvae are seen. The histological lesions are initially hem- 

orrhagic and then eosinophils infiltrate. Halicephalobus ging, ivalis can 

cause granulomatous orchitis as a consequence of systemic spread. 

A pseudocyst, or fluid-filled cavities that have no epithelial lining, 

is reported in a horse as a sequel to fibrinonecrotic orchitis. The 

lesion was associated with trauma and secondary infection with 
Streptococcus zooepidemicus occurred. 

Periorchitis in horses occurs as part of generalized septic disease, 

and as a complication of trauma, penetrating injury, or surgery. 
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Figure 5.30 Orchitis and periorchitis in a butL caused by Brucella 
abortus. Fibrin is adherent to tunica vaginatis, epididymis, and testis. 

Orchitis in smart ruminants 

Nodular orchitis occurs in sheep pox, and chronic interstitial orchi- 
tis, but not epididymitis, has been observed in rams infected with 
the Visna/maedi virus. Sporadic testicular abscesses result from infec- 
tion with Arcanobaaerium pyogenes and Corynebacterium pseudotubercu- 
losis. In bucks, orchitis, which in many respects resembles brucellosis 
in bulls, may result from infection with Brucella melitensis. Orchitis 
also occurs in breeding goats as a component of besnoitiosis. 
Orchitis in rams occurs mostly in association with epididymitis. 

Orchitis in dogs and cats 

In dogs, orchitis is usually accompanied by epididymitis. 
Intranuclear and cytoplasmic inclusions are found in the Sertoli cells 
in mature dogs with distemper.The majority ofseminiferous tubules 
degenerate, and inflammation occurs in a few tubules. Penetrating 

Figure 5.31 Orchitis in a dog, caused by Escherichia coli There are 
interstitia[ and intratubutar infittrates of macrophages, neutrophi[s, and 
[ymphocytes. 

wounds of the scrotum may occasionally be implicated in the 
pathogenesis of epididymoorchitis in the dog, but the commonest 
route is by reflux along the deferent duct from the bladder, urethra, 
or prostate of infection, chiefly by Escherichia coli, Proteus vulgaris, and 
other miscellaneous organisms. An acute inflammatory response in 
either the epididymis or testis is usually suppurative, with the for- 
mation of one or more abscesses (Fig. 5.31). The tunica vaginalis 
may be involved by extension of the inflammatory process, and 
fistulation through the scrotal skin to the exterior may occur. 
Alternatively, dogs will self-traumatize the scrotum and cause a fis- 
tula to develop.Acute inflammation usually is centered on the ducts, 
with degeneration and desquamation of the epithelium, and edema 
and mononuclear cell infiltrates in the surrounding stroma. Healing 
occurs with dense scarring, which in the epididymis will cause some 
tubular obstruction with spermatocele formation. Subacute and 
chronic inflammatory lesions present no special features. The 
affected testis is usually firm, small, and irregular, although the epi- 
didymis may be enlarged and woody. Lymphocytes and plasma cells 
now predominate and fibrosis is well developed. Neutrophils pre- 
dominate in the lumen of the epididymal tubules. 

Other bacterial causes of orchitis in dogs are Brucella canis and 
Burkholderia pseudomallei, both of which are associated with epididymi- 
tis (see below). A familial occurrence of interstitial, lymphocytic 
orchitis, associated with testicular atrophy and reduced fertility, has 
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been observed in inbred Beagle dogs with lymphocytic thyroiditis; 
immune factors have been implicated. 

Orchitis in cats is very rare and may be a manifestation of feline 
infectious peritonitis. Periorchitis is also a presenting complaint in 
feline infectious peritonitis and in traumatic injury to the scrotum; 
orchitis can be a sequel to these conditions. 
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Epididymitis 
Inflammation of the epididymis is one of the more common inflammatory 
diseases of the genitalia, but fiequently it is diagnosed clinically as "orchi- 
tis." Regardless of cause, damage to the epididymal duct is compli- 
cated by the formation of sperm granulomas and subsequent 
development of epididymitis. The exception is in prepubertal ani- 
mals where there are no spermatozoa; in these cases, true abscesses 
occur. Epididymitis in the absence of sperm granulomas is possible 
in adults, but it usually is a subclinical or early event. 

Epididymitis is often infectious, and infectious disease frequently 
causes a spectrum of lesions, including inflammation of the acces- 
sory genital glands. The effects of epididymitis are so much more 
dramatic than prostatitis, vesicular adenitis, or ampullitis that these 
latter manifestations are often overlooked. Sterile epididymitis does 
occur, and is caused by congenital ductal anomalies, adenomyosis, 
trauma, and the reflux of urine. 

Bacteria cause most infections of the epididymis, although 
viruses such as Equine arteritis virus and others are reported to 
induce epididymitis. 

Primary infection with Brucella spp. in each species results in 
epididymitis. Brucella ovis, B. canis, B. melitensis, and B. suis are espe- 
cially virulent for the epididymis. It is assumed that the infection is 
systemic and the bacterium localizes in the epididymis. 

Direct infection of the epididymis by penetrating injury is a rare 
event. Secondary infection from periorchitis, or peritonitis is an 
occasional possibility. 

Almost all species develop infection of the epididymis by the ascending 
route. This has been studied in the ram where Actinobacillus seminis 
and Histophilus somni (Haemophilus somnus/Histophilus ovis) are 
common isolates. While the exact mechanism is not known, it 
seems that preputial organisms migrate to the accessory genital 
glands and infect the epididymis by retrograde movement. The 
privileged environment of the lumen of the epididymal duct allows 

the organisms to infect the organ and incite damage.The formation 
of sperm granulomas means that the reproductive potential of the 
affected side is lost. Complete return to normal is rare. In the dog, 
the sequel of self-trauma of the scrotum, and systemic affects of 
infection with endotoxin-producing bacteria such as Escherichia coli 
further complicate epididymitis by causing systemic illness. 

Local immunity to prevent epididymitis is not likely to be 
achieved in the short term. The epididymis has no natural local 
immune system of antigen receptors, nor known recirculation of 
immunocytes, and no local plasma cell population. Some aggregates 
of lymphocytes are occasionally seen in otherwise normal animals. 
After infection, the epididymis must develop a local immune sys- 
tem, but unfortunately, the damage is usually so extensive, and the 
sequel so severe, that the response is too late. Even so, the epithelial 
cells do have the ability to express MHC I and II, and lymphocytes 
and plasma cells can be recruited after challenge. 

Once initiated, the course of epididymitis is variable. The acute 
stage with edematous enlargement may be followed by abscess and 
sperm granuloma formation, sometimes with perforation, perior- 
chitis and peritonitis, and increasing fibrosis. 

Macroscopically, an increased epididymal size and dissymmetry in 
shape is apparent especially in unilateral cases in comparison with the 
contralateral side. Fibrinous and then fibrous adhesions may be pres- 
ent between affected epididymis and adjacent tunics. Consistency will 
depend on duration of inflammation and the development of sperm 
granulomas. In chronic epididymitis, the marked increase in fibrous 
tissue both within the epididymis and between the epididymis and 
tunics results in atrophy of epithelial elements and the recognizable 
epididymis becomes hard and nodular, perhaps enclosing dilated rem- 
nants of epididymal duct (Fig. 5.32). Distinct hard "sperm stones," the 
end products of spermiostasis, may be present within such ducts. 
Concurrent testicular atrophy will also result in the epididymis 
appearing disproportionately large in relation to the testis. 

Histologically, affected epididymal ducts contain fibrin, neu- 
trophils, and spermatozoa in various stages of disintegration, dam- 
aged epithelium, macrophages, and multinucleate giant cells, many 
of which contain spermatozoa. Other features of sperm granuloma, 
with prominent interstitial accumulation of lymphocytes and 
plasma cells, become apparent (Fig. 5.33). Epithelial hyperplasia, 
with the development of intra-epithelial lumina has been observed 
in most domestic species in association with epididymitis, but such 
lumina also occur in noninflammatory lesions. In chronic epi- 
didymitis, squamous metaplasia of epithelium may also occur in 
affected ducts in association with progressive fibrosis, and there may 
be hypertrophy of smooth muscle surrounding ducts. 

Epididymitis may also be caused by sperm granulomas resulting 
from congenital ductal anomalies, adenomyosis, trauma, and infections. 

E p i d i d y m i t i s  in but ts  

Infectious and immunologic causes of epididymitis in bulls are 
largely the same as those for orchitis, but bulls develop a specific 
infectious epididymitis, so-called epididymitis-vaginitis ("epivag"), 
first described in Kenya and later in South Africa. Lesions in the bull 
consist of initial soft swelling of the epididymis with subsequent 
enlargement and fibrosis.Associated lesions are "abscess" formation, 
tunic adhesions, ampullitis and vesicular adenitis, and testicular 
degeneration. Sometimes, however, the vesicular glands only are 
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Figure 5.32 Chronic epididymitis in a butt, with marked epididyma[ 
fibrosis, adhesion of the tunica vagina[is, and marked testicu[ar atrophy. 
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Figure 5.33 Chronic epididymitis in a ram, with interstitiat fibrosis and 
epididyma[ epithetiat hyperptasia and intraepithetiat tumina formation. 

affected. The possible role of a herpesvirus in the pathogenesis of 
"epivag" is discussed inVol. 3, Female genital system. 

Brucella abortus rarely causes epididymitis in the absence of orchi- 
tis. Actinobacillus seminis, a frequent cause of epididymitis in rams, has 
been isolated from the semen of a bull with bilateral epididymitis. 
Epididymitis has been observed in bulls with vesicular adenitis 
induced by inoculation of Mycoplasma bovigenitalium, but the roles 
of mycoplasmas and chlamydias in causing epididymitis await clar- 
ification. Epididymitis may accompany orchitis, periorchitis, and tes- 
ticular degeneration in cattle, sheep, goats, horses, and dogs infected 
with Trypanosoma brucei. 

Epididymitis in small ruminants 

Epididymitis is of particular importance in rams, in which it is a frequent and 
serious cause of reduced fertility. Although one of two organisms Brucella 
ovis or Actinobacillus seminis are usually associated with the condition, 
many other bacteria, such as Histophilus somni, Mannheimia haemolyt- 
ica, Escherichia coli, and Arcanobacterium pyogenes have been isolated 
from cases of epididymitis. Whereas Brucella ovis is a cause of epi- 
didymitis in mature rams, other gram-negative pleomorphic organ- 
isms are foundmore  commonly in epididymitis in virgin rams, 
suggesting the existence of two separate disease entities, dependent 
upon sexual experience of the animal. 

Ovine epididymitis caused by Brucella ovis is an important cause of 
reduced fertility in many countries and has been extensively studied. 
Progression of the disease is very slow, from a local infection persisting 
in the exposed mucous surface for 1 month, to a regional one involv- 
ing adjacent lymph nodes, leading to bacteremia. The bacteremic 
stage appears to subside after about 2 months, but organisms localize 
in the genital tract, spleen, kidney, and liver where they persist for an 
indefinite period. Following experimental infection, neither gross nor 
microscopic lesions are seen in organs other than genitalia. 

In approximately 90% of epididymides with lesions caused by 
Brucella ovis, the epididymal tail is involved, and lesions in this loca- 
tion probably occur in all epididymides infected with this organism. 
Initial localization of the bacteria produces edema, and lymphocytic 
and macrophage infiltration. Later, neutrophils are added when 
spermatozoa enter the interstitium. Early epithelial changes include 
hyperplasia and hydropic degeneration, with the formation of 
intraepithelial lumina (Fig. 5.33).At the same time there is increas- 
ing fibrosis in interstitial areas. The combination of fibrosis and 
epithelial hyperplasia obstructs the lumen and causes spermiostasis. 
These changes develop over many months, and large numbers of 
organisms are excreted in the ejaculate. Subsequent events depend 
on the extravasation of spermatozoa and formation of sperm gran- 
ulomas. The tail of the epididymis in these cases may be enlarged 
4-5 times (Fig. 5.34), and the lesion is often bilateral. If the 
extravasated spermatozoa enter the cavity of the tunica vaginalis, 
adhesions will result and testicular degeneration increases. Unlike 
brucellosis in the bull, there is no primary orchitis. Lesions in the 
deferent duct similar to those in the epididymis may occur, but are 
not associated with sperm stasis or leakage. There is pronounced 
epithelial hyperplasia, with thickening and folding of the wall, and 
the lamina propria is densely infiltrated with lymphocytes, plasma 
cells, and histiocytes. Unfortunately for control purposes, many rams 
do not develop detectable gross lesions or they develop them only 
late in the course of the disease. Identification of B. ovis in histolog- 
ical sections is difficult, but can be aided by immunohistochemistry. 

Actinobacillus seminis and related strains of the so-called gram- 
negative pleomorphic organisms also induce epididymitis (Fig. 5.35). 
These bacteria consist principally of Histophilus somni (Histophilus 
ovis) and Actinobacillus seminis. Both H. somni and A. seminis are tem- 
porarily resident in the prepuce and become opportunistic pathogens 
by ascending infection, under appropriate conditions, such as those 
resulting at puberty from elevated levels of LH and FSH releasing 
hormones. The pathogenesis of E. coli epididymitis in rams probably 
is similar. Typically, these are acute infections that occur mostly in 
young rams, and there may be severe and diffuse periorchitis. In epi- 
didymitis caused by Actinobacillus seminis, there is abscessation of one 
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Figure 5.34 Chronic epididymitis in a ram, caused by Brucello ovis. The 
epididyma[ tai[ is enlarged with fibrosis and sperm granu[omas (not visi- 
ble). The testis is also atrophic. 

or both epididymides, and these may fistulate through the scrotal 
wall. Histologically, the initial epididymal lesion is similar to that of 
Brucella ovis, being characterized by intraepithelial lumina. In the 
chronic form of the disease seen in older rams, the epididymides are 
enlarged and fibrotic, and the testes are atrophic.The vesicular glands 
or prostate also may be affected.Experimental inoculation of rams by 
various routes with Actinobacillus seminis has shown that part of or the 
entire genital tract may become infected, but that the epididymis is 
most constantly involved. 

Lesions in the epididymis caused by Histophilus somni are similar. 
The disease occurs sporadically, is sometimes accompanied by a 
febrile response, and the most frequent lesion is a large multilobulated 
abscess affecting one epididymis. The abscess cavities contain much 
fluid and green-yellow flocculent material, often with lumps of 
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Figure 5.35 Acute epididymitis caused by Actinobocillus seminis in a 
ram. (Courtesy of KL Hughes.) 

necrotic material. Fibrous adhesions of the tunics also occur. In early 
cases with epididymal abscessation, the deferent duct is usually patent 
and contains pus and spermatic fluid but in older cases that part of the 
epididymis adjacent to the deferent duct is usually empty and has 
grossly fibrosed walls. Microscopically, the early response is severe sup- 
purative inflammation involving the walls of epididymal tubule. In 
appropriately stained sections, numerous bacteria can be demon- 
strated in intraluminal necrotic debris. Subsequently, infection may 
extend to the stroma, so that in chronic cases there is extensive inter- 
stitial epididymitis with much fibrosis.As with brucellosis, the testis is 
only involved secondarily. 

Epididymitis is less studied in bucks than in rams. Brucella 
melitensis, Aainobacillus seminis, Staphylococcus aureus, Escherichia coli, 
or Pseudomonas spp. may be isolated from lesions, and there is a 
report of possible Brucella ovis epididymitis in an angora goat. 

Epididymitis in boars 

In boars, the macroscopic lesions caused by Brucella suis infection are 
quite variable. Single or multiple "abscesses" are frequent in the epi- 
didymis, but less so in the testes, which may be enlarged or atrophic. 
Enlargement of the vesicular glands due to localization of B. suis 
may also occur, and abscessation, perhaps seen only microscopically, 
occurs in the vesicular glands and prostate and bulbourethral glands. 
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Epididymitis in dogs and cats 

In male dogs infected with Brucella canis, there is epididymitis, pro- 
statitis, scrotal dermatitis, and testicular atrophy. These changes can 
be unilateral. Infected animals are bacteremic and the organism can 

persist in certain tissues, particularly the prostate, for many months, 

but recovery can eventually occur and recovered dogs are immune 

to reinfection.Venereal transmission to females by infected males 
can occur, although the organism is not consistently isolated from 
semen. Scrotal swelling is apparent 1-2 weeks after experimental 
intravenous inoculation, or 3-5 weeks after oral infection. Such 
swelling is caused by accumulation of fibrinopurulent exudate in 
the cavity of the tunica vaginalis. Scrotal ulceration is the result of 
persistent licking of the scrotum caused by the pain of epididymi- 
tis. Testicular abscesses are seldom if ever observed but testicular 
necrosis (as observed in the bull) may occur rarely, and is accompa- 
nied by marked fbrous thickening of tunics. 

Microscopically in such cases, there is coagulative necrosis with 

a predominantly mononuclear, reparative response in peripheral 
areas where necrotizing vasculitis and associated thrombosis may 
also occur. More frequently, however, histological findings are those 
of interstitial epididymitis and prostatitis, and testicular atrophy. 
Lymphocytic infiltration of epididymal stroma is variable. Fibrosis 
may be extensive but, in contrast to brucellosis in other species, oblit- 
eration or stricture of ducts is unusual. Lymphocytes, neutrophils, 
and macrophages are present in the epididymal duct. In chronic 
cases, there is marked enlargement of the epididymis, especially the 
tail, with possible spread of inflammation to the deferent duct. As 

well as containing inflammatory cells and an increased percentage 
of abnormal spermatozoa, the ejaculate of male dogs with chronic 

brucellosis contains spermatozoa agglutinins, and the resulting infer- 
tility may, in part, be mediated by isoimmune reactions resulting 
from the heightened nonspecific phagocytic activity of inflamma- 
tory cells attracted to the sites of bacterial growth in the epididymis. 
Brucella suis also may cause spontaneous granulomatous epididymi- 
tis and prostatitis in the dog. 

Escherichia coli or other gram-negative bacteria cause most spo- 
radic cases of canine epididymitis (Fig. 5.36).The epididymitis caused 
by these agents is often seen as an acute disease and the dogs may 
be systemically ill with endotoxemia. Scrotal swelling and mutilation 
is relatively common. Following infection of dogs with Burkholderia 
pseudomallei, epididymitis, orchitis, and scrotal edema may occur in 
association with pyrexia, depression, swelling of one or more limbs, 
and lameness. Macroscopically, the epididymides are enlarged to 
perhaps 3-4 times normal size, are firm and hemorrhagic, and may 
contain small abscesses or necrotic loci.The testis and deferent duct 
may also be involved. 

Mycoplasma canis can cause urinary tract infection in dogs, with 
subsequent purulent epididymitis and prostatitis. 

Mycotic epididymitis caused by Rhodotorula glutinis or Blastomyces 
dermatitidis produces granulomatous epididymitis with a reaction pat- 
tern similar to disease in other tissues. The complication of sperm 
granulomas adds to the granulomatous nature of the disease. 

Epididymitis occurs in sexually mature dogs with canine distemper. 
The histological appearance is similar to that seen in epididymitis of 
other causes, but, in addition, cytoplasmic and intranuclear inclu- 
sions are present in the epithelial cells. Some care is necessary to dif- 
ferentiate the specific inclusions from the eosinophilic cytoplasmic 

Figure 5.36 Severe epididymitis and periorchitis in a dog. The tait of 
the epididymis is large and edematous, and there is fibrin and exudate in 
the cavity of the tunica vaginatis. 

bodies normally present in the head of the epididymis and from the 
intranuclear bodies that are present in normal dogs; immunohisto- 
chemistry will differentiate inclusions in question. 

Epididymitis is exceedingly rare in cats. It has been seen as fib- 
rinonecrotic vasculitis and epididymitis in association with genital 
involvement in feline infectious peritonitis.Ascending epididymitis 
also occurs. 

Epididymitis in stattions 

In the stallion, migrating strongyle larvae are considered a likely 
cause of epididymitis and sperm granuloma of the epididymis; ade- 
nomyosis has been shown to be a further cause. Rare sporadic cases 
of bacterial epididymitis are also reported. Streptococcus zooepidemi- 
cus has been isolated from such cases. 
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Circutatory disturbances 
The spermatic artery is very long because of the coiled portions 
proximal to the testis.The degree of coiling varies between species, 
being quite pronounced in ungulates, in which the spermatic 
artery is several meters ]ong.Testicular blood flow is low in relation 
to metabolic needs, and hypoxia develops quickly if increasing tes- 
ticular temperature increases metabolic demand or if blood flow is 

impaired. By the time the artery penetrates the tunica albuginea, 

pulsatile flow is almost eliminated and the structure of the vessel 

changes. The diameter enlarges, the wall becomes thinner, and the 
elastic fibers are reduced. Increased intratesticular pressure will have 
dramatic effects on circulation. 

The interstitial tissue of the testis is richly supplied with lymphat- 
ics. In addition to the usual role in fluid exchange, they probably 
assist in transportation of hormones between interstitial endocrine 
cells and the tubules. Edema of the testis occurs after trauma and is 
a frequent early change in orchids. Although the tunica albuginea 
is relatively indistensible, some enlargement can occur and serous 

fluid drips from the cut surface.There is distinct separation and dila- 

tion of tubules, diffuse vacuolation of germinal epithelium, and dila- 
tion of lymphatics. 

Hyaline degeneration of the walls of arterioles is associated with 
wedge-shaped areas of fibrosis in the testes of old bulls, but the pre- 
cise cause of this lesion is not clear. In old dogs, hyaline degeneration 
of both arterioles and arteries accompanies testicular degeneration. 
Initial lesions occur in the tunic and parenchyma, but larger vessels in 
the spermatic cord are subsequently involved. Focal areas of infarc- 
tion may occur as a result of severe vascular lesions. Atheromatous 
lesions are rare; in dogs they may indicate hypothyroidism or diabetes 
mellitus. 

~ ~ 

Figure 5.37 Atrophy and infarction of the [eft testis of a butt due to 
compression of the spermatic cord white removing tissue for biopsy. The 
right testis is normal 

Thrombosis of testicular arteries, usually of unknown cause, is seen 
occasionally in bulls. Such thrombi are present in both the 
parenchyma and tunics and may be partially mineralized and some- 
times occluding. The mild degenerative changes in germinal 
epithelium in association with thrombi emphasize the good collat- 
eral circulation. In experimental Trypanosoma vivax infection in 
sheep, thrombosis of testicular vessels probably contributes to tes- 
ticular degeneration. Subsequent infarction and necrosis may 
sometimes occur. Occluding venous thrombosis has been observed 
in the testes of rams. Some had a concurrent varicocele; testicular 

degeneration associated with such thrombi was mild. 

Inflammation of the testicular artery occurs frequently in the horse. 
The known causes are migrating strongyle larvae and Equine arteri- 
tis virus, but the cause is not established in many cases. The usual 
morphologic manifestations in testicular tissue include focal infil- 
tration of lymphocytes and degeneration of seminiferous tubules 
adjacent to the inflamed arteries and arterioles. The inflammatory 
reaction is rarely of such a severe degree as to cause thrombosis and 
infarction. Horses infected with Equine arteritis virus may have an 
acute lesion with a necrotic vasculitis, edema, and hemorrhage. 

Chronic cases will have lymphocytic vasculitis and perivasculitis. 
A striking vasculitis with marked interstitial epididymitis, orchi- 

tis, and testicular degeneration occurs in malignant catarrhal fever 
in buffaloes and bulls in association with generalized vasculitis. 
Dogs may develop vasculitis as part of a localized or generalized 
polyarteritis, and it may occur in systemic necrotizing vasculitis 
("Beagle pain syndrome"). 

Occlusion of the testicular artery with resulting ischemia of the testis 
may result from torsion, contusion of the spermatic cord, inappro- 
priate placement and/or hypotension during surgery, or the use 
of an emasculatome for castrating young lambs and calves (Fig. 
5.37). Experimentally, destruction of germinal epithelium can be 
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demonstrated after ischemia of more than i hour. Necrosis of testic- 
ular parenchyma follows after 4-6 hours, although spermatozoa are 
relatively resistant to lysis and may retain their staining characteris- 
tics for weeks or months. Following ligation of the spermatic artery 

in prepubertal rams, however, revascularization of the tunica albug- 
inea occurs by penetration of capillaries from the epididymal arteries. 
Islets of seminiferous tubules associated with the tunic (Moskoff's 
islets) may thus survive, and considerable regeneration occurs during 

the ensuing months. As the regenerated tubules lack a normal 

drainage system, there is spermiostasis and ultimately degeneration. 

Torsion of the testis is rare unless there is incomplete descent.The stal- 
lion appears to be the exception, as spontaneous torsion is a recog- 

nized cause of"colic." In dogs especially, testicular neoplasia is often 

also present, to provide sufficient weight to maintain the torsion. 
The usual clinical presentation is acute abdominal pain, and the 
testis is blackened due to venous infarction, and is sometimes uniden- 
tifiable as testis. Spontaneous torsion of the cryptorchid testis of 

boars is seen commonly at slaughter. Torsion with complete 
ischemia and infarction will cause complete loss of spermatogene- 

sis of the affected testis. Correction of torsion in laboratory animals 

and humans can save the testis, but some continue to be aspermato- 

genic even if infarction does not occur. Interstitial endocrine cells 

and Sertoli cells retain their ability to function, but reactive oxygen 
species may induce germ cell apoptosis and loss. 
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Neoplasms of the testis and epididymis 

Testicular neoplasms are most commonly found in the dog. There is no sat- 
isfactory explanation for this, but intact dogs are allowed to live as 
long as they are able, and they tend to be watched closely. Male cats 
tend to be castrated early and fewer of those that are intact live to old 
age. Neoplasms arise in all species sporadically, and with the excep- 

tion of the dog, it is possible to predict the histologic type of neo- 

plasm based on species and age. Seminoma is the common tumor of 

the aged horse, and teratoma is more common in the young. Cats, 

boars, rams, and bucks rarely get testicular neoplasms, and both semi- 

noma and Sertoli cell tumor are reported. Bulls are more likely to 
have interstitial cell tumors, but Sertoli cell tumors are also reported. 

The three main testicular neoplasms of dogs are the Sertoli cell tumor, 
the interstitial (endocrine) cell tumor, and the seminoma.The fourth most 
common, but still rare, is a mixed germ cell and stromal cell neo- 
plasm. Multiple types of neoplasia may be found in one testis. Most 
primary testicular neoplasms in dogs are benign. Exceptions are rare, 

but malignant Sertoli cell tumors and seminomas are reported. 
Identification of metastasis in lymphatics, spermatic cord, lymph 
node, or distant sites is the only way to determine that the neoplasm 
is malignant; there are no good cytological or histologic markers of 
malignancy. 

Most neoplasms cause enlargement of the testis. In general, 
seminomas are white, soft, and usually bulge on cut section. Sertoli 
cell tumors induce fibrous tissue so they are white and are tough. 
The interstitial cell tumor is yellow, often contains areas of hemor- 
rhage, and is soft. Sertoli cell tumors, and rarely interstitial cell tumors, may 
produce a hyperestrogenism syndrome and feminization. In dogs, this is 
usually manifested by attractiveness to other male dogs, gyneco- 

mastia, and alopecia. Prostatomegaly and squamous metaplasia of 

the prostate also occur. Affected animals return to normal after 

removal of the neoplasm. The signs are not always associated with 
estrogen production and not all dogs will have a raised serum estro- 

gen concentration. In these instances, inhibin secretion by the neo- 
plastic Sertoli cells inhibits the secretion of FSH and LH by the 

pituitary, which, in turn, inhibits testosterone production and pre- 

sumably alters the ratio of estrogen to testosterone. Some animals 
will develop bone marrow suppression, and poorly responsive pan- 
cytopenia. Feminization is much more common when the neo- 

plasm is larger, and therefore is more common in cryptorchid dogs. 

It is also in these dogs that the unfortunate sequel of testicular 
torsion can occur. 

Testicular tumors are seen mostly in mature and old animals; the 

occurrence of interstitial cell tumors in dogs is especially age associ- 

ated. Canine testicular tumors are found more frequently in the right 

than in the left testis, and this is also true for the cryptorchid testis. 

Other neoplasms of the testis include the mixed germ cell-sex 
cord-stromal neoplasms that have been reported in the horse and dog, 

rete adenoma and adenocarcinoma, and embryonal carcinoma in the horse. 
Metastasis of neoplasms to the testis is rare. Lymphoma in the 

horse, dog, and bull, and hemangiosarcoma in the boar and dog are 
reported. The list will no doubt increase in length if pathologists 
routinely examine the testes at all necropsies. 

Epididymal neoplasms are exceedingly rare. Ectopic interstitial 

cell tumors have been described in the cat. Lymphoma or any other 

systemically metastatic neoplasm may affect the testis and epididymis. 

Gonadal stromal tumors 

Interstitial (Leydig) ceil. tumor 

Interstitial cell tumors are derived from the endocrine cells of the testicular 
interstitium. They are grouped with Sertoli cell tumors in being 

derived from tissue of the sex cords or stroma. Lesions that are less 

than 1 cm in diameter may be hyperplasia, although this distinction 
may have little biologic significance. 

In the dog, interstitial cell tumors are found chiefly in older ani- 

mals. It also occurs in the bovine testis, is found in the older age 

groups, and mainly in Guernseys. In horses, the tumor develops 
almost exclusively in cryptorchid testis. There are very few reports 
of testicular neoplasia in boars, but interstitial endocrine cell hyper- 
plasia and tumor are more common than the others. 

Normal interstitial endocrine cells produce androgens, and 
some interstitial cell tumors of dogs have been shown to produce 

excess androgen, but most tumors do not cause signs of hyperandro- 
genism. Signs of'hyperestrogenism have been observed in a few dogs 
with interstitial cell tumors and estradiol concentration in testicu- 
lar venous blood of affected dogs may be elevated. The condition 

has been corrected by removal of the neoplasm. However, in dogs, 
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Figure 5.38 Intratesticu[ar interstitiat cett tumor in a dog. These are 
soft and tan, with regions of hemorrhage. 

a common association is with perianal gland neoplasia, tail gland 

hyperplasia, and prostatic enlargement, which suggests that secre- 
tion of  excess androgens also occurs. 

Interstitial cell tumors in stallions have been seen most often in 
undescended testes.They contain two cell types; the first is essentially 

a hypertrophic interstitial endocrine cell but the other is a pleomor- 

phic fusiform cell with fibrillar, vacuolated cytoplasm and indistinct 

borders. Hormone  determinations have not been reported on horses 

with these tumors, but viciousness, which was corrected by castra- 
tion, has been observed. 

A high incidence of telangiectasis of the liver, thyroid C (parafol- 
licular) cell tumors, and infertility has been observed in Guernsey bulls 
with interstitial cell tumors, but it is not known whether the lesions 
are in any way interdependent or possess a common denominator. 

Nodular hyperplasia is probably a preneoplastic change in some 
instances of interstitial cell tumor of the dog.The hyperplastic nod- 
ules occur principally in testes that have undergone senile atrophy 

and, although they may be macroscopically visible, the nodules are 

small, nonencapsulated, and consist of an increased number of 
interstitial endocrine cells in the intertubular stroma. The apparent 

diffuse hyperplasia of interstitial endocrine cells in cryptorchid and 

hypoplastic testes does not predispose to the development of 

tumors. In both nodular and diffuse hyperplasia, the hyperplastic 
cells are regular in form and size with increased acidophilia of the 
cytoplasm and without mitoses. 

Interstitial cell tumors in the dog are often multiple, but may be 
solitary and unilateral or bilateral (Fig. 5.38). Commonly they are 
from 1 mm to 2 cm or more; only exceptionally are they large enough 
to increase the size of  the organ, but they may lend the organ an 

Figure 5.39 Endocrine pattern, with Large poLygonaL celts packed into 
groups by a fine fibrous stroma, of an interstitial cell tumor in a dog. 

irregularity in contour, the rounded bulge of the tumor being visible 

in an otherwise small, soft, atrophic testis. On cut surface, the tumors 

are well demarcated but only lightly encapsulated, spheroidal, and yel- 

low. The tumor is predisposed to hemorrhage which causes dark dis- 
coloration, and to cyst formation in areas. Even a large tumor may be 
obviously composed of confluent nodules indicating multicentricity 
of origin, and this is readily apparent in the form of discrete tumors 
when they are small. The consistency is soft, there being little stroma, 
and the cut surface is slightly greasy. 

Interstitial cell tumors grow slowly and expansively with sur- 
rounding compression atrophy, and often with a thin condensed 
capsule. They are not notably invasive. In bulls with interstitial cell 
tumors, semen production and fertility may be reduced. 

Typically, the component cells in the dog are rather respectable 
interstitial endocrine cells, being round or polyhedral, with abundant 

cytoplasm that may be granular or vacuolar and that often contains 

yellow lipochrome pigment (Fig. 5.39).The neoplastic cells in the bull 

are not vacuolated and contain very little lipid. Sometimes and in 
some tumors, the cells have a more mesenchymal appearance, being 
spindle-shaped with indistinct cytoplasmic outline and a streaming 
arrangement. It is in such tumors especially that necrosis and cyst for- 
mation occur. The nuclei are regular in size and staining affinity, and 
mitoses are rare. The stroma is scant, supporting a capillary network, 
but occasionally suffices to give the tumor an endocrine appearance. 
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Intranuclear cytoplasmic invaginations or inclusions have been 
observed consistently in up to 15% of neoplastic cells in canine 
interstitial cell tumors. The inclusions, which are strongly PAS- 
positive and which are composed of smooth and rough endoplasmic 
reticulum, vesicles and lipid vacuoles, myelin figures, and disrupted 
membranous profiles, have not been demonstrated in other testic- 
ular tumors. Nuclei containing these invaginations are enlarged. 
Except where invaginations are present, the ultrastructural appear- 
ances of neoplastic and normal interstitial endocrine cells in the 
dog are similar. 

Sertoti cett tumor 

The Sertoli cell tumor is rare in domestic species other than the dog, but has 
been observed in the bull, horse, ram, and cat. These tumors often 
cause enlargement of the affected testis, and there is, sometimes, the 
development of a feminization syndrome in the host. The feminizing 
effect of these tumors is due to either their high content of estro- 
gen or to secretion of inhibin. The degree of differentiation of the 
neoplastic cells will influence the content of hormone but, usually, 
it is larger tumors that are responsible for feminizing syndromes, 
which suggests that the mass of the tumor is related to the quantity 
of hormone elaborated.The attractiveness of affected dogs to other 

male dogs is well known, but a hyperestrogenism syndrome also is 
manifest as reduction of libido, female distribution of body fat, 
cutaneous and pilosebaceous atrophy leading to symmetrical alope- 
cia, atrophy of testes and penis, an estrogenic form of mammary 
development, swelling of the prepuce, and hyperplasia or squamous 
metaplasia of the prostate, which may be accompanied by perineal 
hernia. Prostatic metaplasia can progress to the stage where quite 
large keratin accumulations fill glandular lumina. Enlargement of 
the seminal colliculus with partial obstruction of the urethral 
lumen may also accompany prostatic changes in these dogs. 

As well as feminization, there may be depression of bone marrow activ- 
ity with resultant clinical signs of hemorrhage caused by thrombocy- 
topenia, anemia caused by blood loss and/or diminished erythrocyte 
production, and infection and fever associated with granulocytopenia. 
Recovery may follow castration and supportive therapy. 

The gross appearance of a Sertoli cell tumor can be quite dis- 
tinctive. The larger tumors are somewhat irregularly ovoid, lobu- 
lated and enclosed in a tense tunica albuginea (Fig. 5.40). The cut 
surface bulges and usually is white and quite firm or even hard, 
although sometimes it may be discolored or cystic. The firmness of 
the tumor is due to the abundance of its stroma, something the other two 
common types of tumor have in small amounts only. 

Although metastasis of Sertoli cell tumor to the regional lymph 
node is unusual, local extension of neoplastic tissue into the testic- 
ular vein and associated lymphatics may result in hydrocele with 
massive swelling of the scrotum. 

Histologically, Sertoli cell tumors may be of two types, either 
intratubular (with or without invasion as determined by penetration 
of the basement membrane) or diffuse. There seems to be little correlation, 
however, between histologic type and metastasis. Stroma is always plentiful, 
and it may be hyalinized. The stromal tissues are commonly arranged 
to provide a tubular pattern in which the neoplastic cells tend to pal- 
isade. Such arrangements to some degree can be found in most Sertoli 
cell tumors (Fig. 5.41A, B). In the early and well-differentiated 
tumors, the cells resemble normal Sertoli cells, being rather elongate 

Figure 5.40 Matignant Sertoti cett tumor in a dog. Presence of metas- 
tasis is the onty criterion to differentiate matignant from benign neoptasia. 

with foamy acidophilic cytoplasm and small, basally situated, dark- 
staining nuclei. In less differentiated varieties, the cells are still elongate 
and possess eosinophilic cytoplasm, but the nuclei are elongate and 
pleomorphic and no longer basally located against the trabecular pole 
(Fig. 5.41A, B). In the less common form of the tumor, the cells show 
little or no tendency to palisade but are discrete and spherical with 
well-defined eosinophilic cytoplasm and some nuclear irregularity. 
Mitoses are sparse. Lipids are demonstrable in the neoplastic cells as 
large droplets and globules in more differentiated tumors and as fine 
droplets in the least differentiated tumors. 

Sertoli cells are reported to be the only cells of the testis that stain 
immunohistochemically with antibody to neuron-specific enolase, 
wherein the stain is intracytoplasmic. They stain diffusely intracyto- 
plasmically with vimentin (as do interstitial endocrine cells). 
Cytokeratin stains are negative. There are varied reports of staining 
with other antibodies, including $100, melan A, and inhibin. 
Because of the conflicting results from different laboratories, it is not 
possible to generalize about their staining characteristics. 

Ultrastructural examination of canine Sertoli cell tumors reveals 
that the characteristic specific intercellular junctions and crystals of 
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Figure 5.41 A. Histotogica[ appearance of SertoLi ceLL tumor in a dog showing tubutar structures separated by abundant fibrous tissue. B. On higher 
magnification, the ceils tend to bridge from one side of the tubular structure to the other 

Charcot-Bottcher do not occur in neoplastic cells. Nevertheless, a 

number of common features do persist so that these and the abun- 

dant intracytoplasmic organelles permit differentiation from inter- 

stitial cell tumors and seminomas. Prominent intercellular gap 

junctions have been observed in a Sertoli cell tumor in the dog and 

it is possible that these were induced by the hormonal activity of 
the tumor. 

Early age of slaughter of most food animals precludes studies on 
true tumor occurrence with increasing age. However, in one study, in 
which burs and buffaloes were kept until 9-14 years for draft pur- 

poses, 20 of 161 testes examined contained neoplasms; all but one 

were Sertoli cell tumors. Seven tumors were in undescended testes. 

In contrast to Sertoli cell tumors in the dog, those in cattle have been 

observed in newborn or young calves with sufficient frequency to 
suggest that impaired embryogenesis, possibly of genetic origin, 

might have some role in causation. In support of this suggestion is the 

presence, in some bovine Sertoli cell tumors, of laminated intratubu- 

lar concretions resembling those seen in bovine testicular hypoplasia 

and cryptorchidism. Moreover the simultaneous occurrence of 

Sertoli cell tumor and epididymal aplasia has been observed. One 

described bovine Sertoli cell tumor was in a testis of an animal in 

which castration by the burdizzo method had been attempted 5 years 

previously. In general, the gross and microscopic appearance of Sertoli 

cell tumors in the bull resembles those in the dog (Fig. 5.42A, B). 
Metastasis of Sertoli cell tumor in the bull has not been observed, and 
there is no clear evidence of hyperestrogenism. 

In rams,  occasional Sertoli cell tumors, comparable to those in 

the bull, have been observed. Hyperplastic Sertoli cells occur in 

cryptorchid rams (Fig. 5.43), but whether these could potentially 

develop into neoplasms seems unlikely, given the rarity of the tumors. 

One case of Sertoli cell tumor in a stallion involved the single 

descended testis; a ductal pattern of neoplastic Sertoli cells, which 

contained clusters of distinct hyaline bodies, was evident. 

Germ cell tumors 

Seminoma 

Seminomas are common in canine testes and have also been 

observed in the stallion (and mule), ram, buck, and bull. They occur 

in older animals and are disproportionately common in cryptorchid 
testes. They arise from cells of the spermatogenic series, presumably 

from basal spermatogonia, and they are usually multifocal of origin 
in the affected testes.These tumors do not produce hormones.They 

are not often malignant, but are probably more so than either of the 

other two types. However, the), tend to be locally invasive and there are 

no known factors to predict the metastatic potential of seminomas. 

Seminomas often attain a size of 6 cm or more before removal, 

and by then the stretched tunica albuginea encloses neoplastic tis- 

sues only. Sudden enlargement of the testis, and pain caused by 

hemorrhage and necrosis in the tumor, are often the presenting signs 

in dogs. In all species, the sectional surface is coarsely lobulated by a 

few fine trabeculae, the color is usually white or gray-white, and the 

texture is soft to moderately firm (Fig. 5.44). If lightly squeezed, a 

milky fluid may exude from the cut surface. The texture and color 
closely resemble that of neoplastic lymphoid tissue. 
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Figure 5.42 Sertoti cet| tumor in a butt. Macroscopic appearance varies 
from (A) a sotid to (B) a cystic type. (Both courtesy of J Comp Pathot.) 

Microscopically, intratubular, and diffuse types are recognized. The earliest 
development of the tumor is intratubular and even in some large 
specimens intratubular growth is still evident and undoubtedly com- 
prises one method of spread (Fig. 5.45A). Rupture of the tubules soon 
occurs and the growth becomes confluent, forming broad sheets of 
closely packed cells with scant supporting stroma.There is only slight 
cytological variation from tumor to tumor. The cells are large and 
polyhedral and fairly discrete, with a rim of visible cytoplasm that may 
be basophilic or eosinophilic (Fig. 5.45B). The nuclei are large and 

rounded and usually strongly chromatic with one or more large aci- 
dophilic nucleoli. In some tumors, the nuclei are larger and vesicular 
but still regular in shape, and the cells are closely packed with scant or 
invisible cytoplasm. In many seminomas, it is possible to find scattered 
mono- or multinucleate giant cells with abundant granular aci- 
dophilic cytoplasm. Focal or diffuse accumulations of CD8& lymphocytes 
occur in most seminomas and are a useful distinguishing feature. Whereas 
atrophy of tubules at the edge of the tumor is normally evident, occa- 
sional foci of marked intratubular spermatogonial proliferation and 
early seminoma formation in this location are sometimes seen. 

Figure 5.43 Focal Sertoti cell hyperplasia in the cryptorchid testis of a ram. 

Germ cells stain by immunohistochemistry with vimentin in a 
perinuclear pattern, but they are negative for neuron-specific eno- 
lase and cytokeratin. 

When examined by electron microscopy, tumor cells in canine 
seminoma resemble normal germinal epithelium and are character- 

ized by a relative scarcity of cytoplasmic organelles, oval nuclei, straight 
cell borders, and distinct Golgi complex. Intercellular bridges, as seen 

in normal germinal cells, are present in seminomas. In all cases, the cells 

are markedly distinct from cells of interstitial or Sertoli cell tumors. 
Presumably because abdominal location of seminomas in retained 

testes precludes their early clinical recognition, they may become 
quite large and metastasize widely. In the stallion, seminomas up to 

9 kg have been found, and metastasis to most parts of the abdomi- 
nal cavity and also the thoracic cavity, has been observed. 

Intratubular seminomas have been reported in mature and aged 
rams with testicular degeneration. The proliferating sperrnatogonia 
are confined to the seminiferous tubules and do not attain sufficient 
size to be recognized on gross examination. It appears that this may 
be a dysplastic rather than a neoplastic process. A similar dysplastic 
process in otherwise degenerate testes is also observed in dogs. 
Several such foci occur in the organ, the affected tubules being 
slightly dilated and the abnormal cells distinctively large, rounded or 
polyhedral, usually multinucleate, and with pigments in the cyto- 
plasm. Rarely, a highly malignant form of seminoma occurs in the 

ram, producing overall enlargement of the testis, and hemorrhage, 
necrosis, and massive neoplastic infiltration of the entire testis. 

Seminomas are exceedingly rare in boars and cats. 

Teratoma 

Teratoma of the testis is a neoplasm that is virtually unknown in domesti- 
cated mammals other than the horse, in which it is the most frequently 
reported testicular tumor in the young animal. Equine teratoma is a 
benign tumor found in the scrotal, or more often, cryptorchid testis 
of young animals. It is probable that its presence in a fetal testis 
would prevent normal descent. There is a report of testicular ter- 
atoma that caused partial obstruction of the colon in a neonatal foal. 

Macroscopically, teratomas are single or multiple and quite varied 
in color and texture. They are usually less than 10 cm in diameter 
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Figure 5.44 Muttinodutar appearance of a 
seminoma in a horse. The neoplastic tissue 
varies from white to tan, and can be firm. The 
adjacent testis is atrophic. 

Figure 5.45 A. Seminomas usually have a combination of diffuse and intratubutar growth. The adjacent testis may be atrophic as was the case in this horse. 
B. Histotogicatty. the cetts are large round cetts with scant cytoptasm and [arge nuctei with prominent nuc[eoti. Mitoses are frequent. 
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but may be greater than 25 cm.A cystic and/or multilocular struc- 
ture is common and, on section, hair and mucoid or sebaceous-like 
secretions are often seen, hence frequent use of the term "dermoid 
cyst."Yellow-white solid masses with fibrous, adipose, cartilaginous, 
and bony tissue are also frequent. 

Histologically, structures derived from all embryonic germ layers may be 
present, including ectodermal (dermoid cysts, hair, teeth), neuroecto- 

dermal (nervous tissue, melanoblasts), entodermal (salivary gland, res- 

piratory), or mesodermal (fibrous or adipose tissue, bone, muscle). 
Nervous tissue is almost always present, and adipose tissue is also very 
common.Testis adjacent to a teratoma may show reduced spermato- 
genesis, with various degrees of tubular atrophy. The histogenesis of 
gonadal teratoma is discussed inVol. 3, Female genital system. 

Embryona[ carcinoma 

Embryonal carcinoma is rare in animals but is of significant frequency 

among the germinal tumors of humans in which it is highly malig- 

nant. It is probably best regarded as belonging, histogenetically, with 
the teratomas but not displaying the tissue differentiations that 
identify the teratoma. The cells are of indifferent embryonic types. 
Trophoblastic differentiation and demonstrable ot-fetoprotein in 
the epithelial cells supports the diagnosis. 

Teratocarcinoma, a neoplasm with features of teratoma and embry- 
onal carcinoma, is reported in the horse. 

Mixed germ cell-sex cord stromal tumor 

These neoplasms are a combination of germ cells and cells derived 
from either the primitive sex cords or the stroma of the gonad. 

Gonadoblastoma is another name for this neoplasm. There is a sug- 

gestion that these have been missed and, hence, underreported.The 
lesions grossly are firm, white to tan, and expansile. Larger neoplasms 

may be hemorrhagic. The histological features are a combination of semi- 
noma and Sertoli-like cells with tubular structures intimately associated with 
germ cells. Immunohistochemical staining with neuron-specific eno- 
lase for Sertoli cells and with vimentin for germ cells may confirm 
the dual nature of this neoplasm. 

Other primary tumors 

Adenomas and adenocarcinomas presumably originating from the rete 
testis are described in dogs and horses.These are tubulopapillary struc- 
tures with scant supporting stroma. The papillae and anastomosing 
tubules are lined by small closely packed cells with scant cytoplasm 
either in single or multiple layers. Evidence of transformation from 
normal to neoplastic rete epithelium is a useful criterion for diagno- 
sis, and it is desirable to exclude other teratomatous structures or dis- 
tant primary tumor elsewhere. Immunohistochemically, cytokeratin 
is stainable in epithelium of the rete testis. 

Reports of mesenchymal tumors of the testis are mostly of indi- 
vidual cases.They include leiomyoma and leiomyosarcoma, heman- 
gioma and hemangiosarcoma, mast cell tumor, peripheral nerve 
sheath tumor, and histiocytic sarcoma, to name a few. 

Neoplasia of the epididymis is a very rare event. Any tissue may 
transform, and metastatic neoplasia or involvement of systemic neo- 
plastic conditions such as lymphoma may occur. Interstitial cell tumor 
of the epididymis of the cat is a recognized disease and arises from 
ectopic interstitial endocrine cells. 
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Miscettaneous diseases of the testis and 
epididymis 

Sperm granulomas occur at any location that spermatozoa may 
be found. The most recognized syndrome is sperm granuloma of the 
epididymal head, a condition believed to be associated with blind- 
ending efferent ductules (see Ductular anomalies). It has been seen 
in virtually every species, except perhaps the cat. 

Adenomyosis of the mesonephric ducts is a histological find- 

ing where diverticula of the epithelium of the efferent ductule, epididymis, 
or deferent duct protrude through the muscular wall. Spermatozoa may 
become entrapped and ultimately incite an inflammatory reaction. 
Hyperestrogenism may be an inciting cause. Adenomyosis is the sus- 
pected underlying defect when a sperm granuloma is found in a loca- 
tion apart from where blind-ending efferent ductules would be 
expected.Virtually every species has been reported to develop adeno- 
myosis of the mesonephric duct. 

The rete testis is a series of interconnected channels that join 
the seminiferous tubules to the efferent ductules. It has intratestic- 
ular and extratesticular segments. Spermatophagia occurs in this 
area, and immune reactions to spermatozoa may be manifested by 
inflammation in this region.There are two main primary diseases of 
the rete: neoplasia and cyst formation.The epithelial cells are the ori- 
gin of adenomas and adenocarcinomas in horses, dogs, and other 
species. Cysts of this region are reported in the stallion, cats, and 



Spermatic cord 

Figure 5.46 Ditation of rete tubutes and the mediastinum testis sec- 
ondaw to obstruction and increased pressure caused by sperm granu- 
Loma of the epididymat head in a ram. 

dogs. Secondary dilation of the rete testis occurs with obstruction 
of the efferent ductules or epididymis (Fig. 5.46). 

SPERMATIC CORD 

The spermatic cord is made up of tke testicular artery, vein, and nerves, and 
tke deferent duct. They are critical structures for the function of the 

testis and epididymis. Scrotal hernia and varices of the pampini- 

form plexus are probably the most commonly recognized disease of 

the spermatic cord. Most of the other diseases become differential 
diagnoses for these. 

Varicocele 

A varicocele is a dilation and tortuosity of tke veins of the pampiniform 
plexus and tke cremasteric veins.Varices of the spermatic veins are most 
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Figure  5.47 Varicoce[e with thrombosis in a staLLion. The grossly 
dilated and thrombosed pampiniform plexus causes a Large muttiLobuLar 
mass above the testis in the spermatic cord. 

commonly seen in old rams. They occur sporadically in other 
species, such as the stallion (Fig. 5.47), as an incidental finding or 
secondarily to conditions where there is constriction of the veins of 

the spermatic cord.Varices are seldom recognized unless they are 

thrombosed, and inexperienced persons may miss them.There is no 

concrete evidence that small varicoceles are detrimental, but the 

very large ones are, by virtue of their size and the reduced ability of 

the animal to raise the testis to maintain thermoregulation. The 

pathogenesis of varices in animals is not well understood. In 

humans, the left unilateral location is regarded as the result of 

altered hemodynamics from insertion of the testicular vein to the 

renal vein rather than directly to the vena cava. Evidence in humans 
with varicose veins of the legs suggests that the elastic properties of 

the walls of the veins and arterial flow are major factors and varic- 

oceles in rams may be similar. Many rams and bucks have intimal 

sclerosis of the spermatic vessels but no varicocele. 
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