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Abstract

Intersex conditions, also known as disorders of sexual development (DSD), are uncommon in small ruminants. This report
describes in detail, 2 cases of DSD in small ruminants, including clinical presentation, histopathological and cytogenetic analysis
that led to the final diagnoses. Case 1, a mixed-breed ewe, was assessed due to a reported ram-like behavior at ~ 6 months of age.
Physical examination revealed abnormal external genitalia with enlarged clitoris and bilateral inguinal gonads, histologically con-
firmed as testicular tissue. Karyotyping revealed sex chromosome blood chimerism (54XX, 54XY), implicating freemartinism as the
cause of DSD. Case 2 was a 1-year Nigerian Dwarf cryptorchid male goat presented for castration. During surgery, bilateral ovoid
gonads attached to a bicornuate uterus were identified. Histology revealed testicular tissue and uterus alongside vas deferens were
consistent with persistent Miillerian duct syndrome. This report describes presentations, findings, and features of DSD, a rare occur-

rence in small ruminants.
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Background

Intersex conditions are rare pathologies with severe impacts
on reproductive function, often rendering affected animals
infertile.!> These conditions originate due to abnormalities in
the chromosomal, gonadal or phenotypic sex of affected indi-
viduals.* Most disorders of sexual development (DSD) present
challenging phenotypes, often prompting practitioners to
consult theriogenologists regarding their cause and prognosis.
Thus, knowing the ‘common features of uncommon condi-
tions” holds value for the accurate diagnostic workup in these
clinical cases.

Freemartinism is the most common DSD reported in cattle
and affects > 90% of females from a heterosexual twin preg-
nancy.’ Conversely, this condition is less common in sheep,
where it affects ~ 1-5% of females from a male-bearing mul-
tiple pregnancy.® However, freemartin ewes have a much
wider range of phenotypes compared to cattle.” In this con-
text, we present a case of freemartinism in a sheep (Case 1)
with extreme masculinization features. The presented case
can assist readers to understand differences between sheep
and cattle in the presentation of freemartins.? In contrast to

freemartinism, other DSDs such as persistent Miillerian
duct syndrome (PMDS) are exceedingly rare in ruminants.
Typical features of this condition have been mainly
described in dogs,® highlighting the relevance of a compara-
tive approach for DSD diagnosis. Here we present a case of
PMDS in a goat, with phenotypic, histologic, and cytoge-
netic features like those described in dogs.

Case 1: Intersex sheep

Case presentation

A 6-month, Rideau Arcott mixed-bred ewe, was evaluated ~
2 months after purchase due to male-like behavior. External
reproductive examination revealed small vulvar opening
and enlarged clitoris (Figure 1, a). In the inguinal region,
there were paired gonads near the abdominal wall, with the
long axis of the gonad in horizontal position. No defined
scrotal sac was detected (Figure 1, b). Gonads were symmet-
rical, ~ 5 cm in diameter and 9-10 cm long, with elastic con-
sistency and freely movable in the inguinal region.
Epididymis, spermatic cord, and testicular vascular cone
were readily palpable. No other abnormalities were detected.
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Figure 2. Histologic sections of gonadal tissue (H&E) from Case 1: a. seminiferous tubules without spermatogenesis (400 X mag-
nification); b. epididymal tail had no extragonadal sperm reserves (100 X magnification).

Outcome

Approximately 2 weeks after examination, a routine open cas-
tration was performed by the referring veterinarian. Inguinal
gonads were removed; examination revealed tunica albuginea,
epididymis, and testicular vascular cone. Excised tissues were
fixed in 10% buffered formalin and submitted for histopatho-
logical examination. After surgery, blood and skin samples
were submitted to our laboratory for cytogenetic analysis.
Animal recovered uneventfully from surgery and no complica-
tions were reported by the owner in the following 2 weeks.

Histologic evaluation

Excised tissues were processed, sectioned, routinely stained
with hematoxylin and eosin (H&E) and evaluated under light
microscopy. Gonadal parenchyma had hypoplastic seminifer-
ous tubules, with Sertoli cells in the basal compartment and
Leydig cells in the interstitial compartment with no sper-
matogonia (Figure 2, a). These findings supported testicular
tissue but without evidence of spermatogenesis. Furthermore,
there was no evidence of ovarian tissue. Epididymis tail was
well-developed, with a pseudostratified ciliated columnar

lining epithelium and a defined muscular layer but no sperm
were visible in the lumen (Figure 2, b).

Cytogenetic evaluation

Standard cytogenetic techniques were applied to obtain meta-
phase spreads from blood leukocytes and skin fibroblasts, as
described.” Karyotype composition and sex chromosome
identification was performed either in Leishman and Giemsa
stained or G-banded spreads (n = 50 cells) under light micros-
copy. Karyotyping results from blood leukocytes revealed 84%
of cells with (2n = 54XX) karyotype (42/50 cells) and 16% of
spreads with (2n = 54, XY) (8/50 cells), demonstrating the
presence of blood chimerism (2n = 54XX/54XY) in this case
(Figure 3, a-b). Karyotyping from skin fibroblast revealed a
normal female karyotype (2n = 54XX) in all cells evaluated
(50/50).

PCR results

Blood samples were collected in EDTA-coated blood collec-
tion tubes (BD - Canada, Oakville, ON, Canada) and DNA

2 Citation line: Clinical Theriogenology 2024, 16, 10273, http://dx.doi.org/10.58292/CI.v16.10273


http://dx.doi.org/10.58292/CT.v16.10273

b

l "’ ” ! l‘l’ L1
LR it 1] iy it
L £y ix s )
', LV " ‘_1 -ml LA L
L] : 'Hu e

o uooa M

o
¥ ] ] i
Bt L} LK) L1 Wd
TR T L R
T LR L
e L] N e
e B
a
Figure 3.
Figure 4.

was extracted from blood leukocytes, as described.” After
incubation with red cell lysis buffer (140 mM ammonium
chloride and 17 mM Tris pH 7.65), leukocytes were pel-
leted by centrifugation (10 minutes x 700 g), washed with
0.9% NaCl and resuspended in a solution containing 0.1 M
Tris:40 mM EDTA. Cell lysis was performed in a lysis buffer
(0.1 Tris, 40 mM EDTA, 0.5 mM NaCl, 0.2% SDS).
Following tissue digestion and cell lysis, DNA was extracted
using standard phenol-chloroform with phase separation
technique.

Extracted DNA was used for polymerase chain reaction
(PCR) for the sex determining region (SRY) gene, using
primers designed for cattle, sheep, and goats, as described
by our group (F: 5-CCAATTAAGCCGGTCACAGT-3" R:
5'-GCACAAGAAAGTCCAGGCTC-3").” The reaction yielded a
162 bp amplicon run through an electrophoresis gel; the PCR
was positive for the SRY gene, confirming the presence of
blood chimerism (54,XX/54,XY-SRY positive (Figure 8).

Case 2: Intersex goat
Case presentation

A 1-year, Nigerian Dwarf male cryptorchid goat was referred to
the Ontario Veterinary College - Teaching Veterinary Hospital
for castration. External examination of the genitalia revealed
normal prepuce and penis, and small scrotum with no evi-
dence of testis in either in scrotum or inguinal area, leading to
a presumptive diagnosis of abdominal cryptorchidism.
Animal’s head had 2 small horns (~ 1.5 - 2 cm long), ruling
out polled intersex syndrome (PIS).

Cryptochidectomy: a. gonad and attached bicornuate duct; b. excised ovoid gonads with extended bicornuate ducts.

Outcome

Approximately 36 hours after admission, cryptorchidectomy
was performed under general anesthesia. Surgery via inguinal
approach revealed 2 round gonads ~ 2 cm in diameter in the
inguinal canal, close to the internal inguinal ring. On exterior-
ization, well-developed smooth and bicornuate tubular tract
attached to the gonads (Figure 4, a) was noticed. Gonads and
tubular tract were surgically removed (Figure 4, b) and fixed in
10% formalin for histological examination. Blood (cytoge-
netic analysis) and samples were sent to our laboratory.
Animal recovered uneventfully and was discharged from the
hospital 3 days later.

Histologic evaluation

Histologic evaluation of the gonadal tissue revealed seminifer-
ous tubules lined by Sertoli cells in the basal compartment
and occasionally scattered spermatogonia. Findings were
compatible with testicular tissue (Figure 5, a-b). However,
there was no evidence of spermatogenesis nor ovarian tissue
detected. The tubular bicornuate tissue had a well-develop
endometrium, myometrium, and serosa, plus a vas deferens
with a well-defined lumen, muscular and serosa layer (Figure
6, a-b). Based on these findings, a diagnosis of PMDS was
made.

Cytogenetic evaluation

G-banded karyotype from Case 2 revealed a normal male goat
karyotype (2n = 60, XY) in all cells evaluated (n = 50 cells)

(Figure 7).
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Figure 5. Histological examination of gonadal tissue (H&E) from Case 2: a. seminiferous tubules (200 x magnification); b. sem-
iniferous tubules containing Sertoli cells and scattered spermatogonia without evidence of active spermatogenesis (400 x

magnification).

Figure 6. Histologic section of the bicornuate ducts (H&E) from Case 2: a. uterus alongside a muscular vas deferens (right side of
the image) (25 x magnification); b. endometrial tissue of the same specimen (200 x magnification).
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Figure 7. G-banding of leukocytes metaphase spreads from
Case 2 (2n = 60, XY).

PCR results

Case 2 PCR was positive for the SRY gene (Figure 8) and thus
confirmed a normal male karyotype (2n = 60XY - SRY positive).

Discussion

Freemartinism has been reported far less frequently in sheep
than in cattle. Case 1 was an ewe with extreme masculinization

1500 bp-

500 bp-

100 bp-

Figure 8. PCR results for SRY gene: lane 1. ladder (100 bp);
lane 2. H,O control; lane 3. female control (bovine, blood);
lane 4. male control (bovine, blood); lane C1. Case 1; lane C2.
Case 2.

features including ambiguous genitalia and inguinal testes,
whereas the blood chimerism (XX, XY) is a hallmark for
freemartinism in all domesticated ruminant species. In our
case, cell chimerism (2n = 54XX, 54XY) was only present in
blood leukocytes but not in skin fibroblasts (2n = 54XX), lead-
ing to the final diagnosis of freemartinism. Despite no confir-
mation that the animal was born from a male-bearing twin or
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multiple pregnancy, all clinical, histologic and cytogenetic anal-
yses were consistent with previous reports of freemartinism in
sheep.!°

In cattle, freemartinism affects > 90% of heifers born from a
heterosexual twin pregnancy® whereas in sheep, the inci-
dence is as low as 1-5% in male-bearing multiple pregnan-
cies.*® The more common development of wvascular
placental anastomosis between fetuses is responsible for the
high incidence of freemartin in cattle" but this phenome-
non is less frequent in small ruminants.>* It has been sug-
gested that in highly prolific sheep breeds, male-bearing
pregnancies with 4 or 5 lambs might present an increased
risk for freemartinism, potentially due to increased placen-
tal contact between fetuses.”® The presented case (Case 1)
involved a mixed-Rideau Arcott sheep, a breed with an aver-
age of 2.6 lambs per birth.!? However, as information on the
litter was not available, it is not known whether this factor
had a role in this case. Some reports have suggested that
certain rams have higher incidence of freemartin lambs than
others.” However, no information regarding the sire and
half-siblings was available; therefore, it was not possible to
determine what other predisposing factor might have had a
role in the presented case.

Descended testes is a phenotypic feature rarely reported in
freemartin cattle."> Approximately 31% of freemartin sheep
have descended testes-like gonads with epididymis and testic-
ular vascular cone, ' and constitute the most extreme forms of
masculinization of this condition. Perhaps the notable testic-
ular gonadal differentiation observed in freemartin sheep was
linked to development of placental vascular anastomosis
between fetuses at an earlier stage.

DSD such as PMDS are exceedingly rare in ruminants. The
presented case (Case 2) was a goat, and the main features
included cryptorchidism, uterine development, and normal
male goat karyotype (2n = 60XY). Interestingly, similar fea-
tures have been described in other species (e.g. dogs) with
PMDS. Affected individuals are XY, with male-like behavior, a
well-developed penis and prepuce, bilateral cryptorchids and
a concomitant development of the oviducts, uterine tubes,
cervix and vagina connected to the prostate.!* In this species, ~
50% of affected individuals have cryptorchidism,'* and it is
common for these cryptorchid dogs to develop testicular neo-
plasms later in life. Consequently, the condition may remain
unnoticed until signs of testicular tumors and estrogen expo-
sure are present.®'> Apart from testicular tumors, further com-
plications of PMDS include hydrometra,'® pyometra,'” and
uterine leiomyoma'® in dogs. This condition has been primar-
ily described in Miniature Schnauzers and has a known genetic
component.” A mutation in the antiMiillerian hormone
receptor 2 (AMHR2) is responsible for this condition and has
an autosomal recessive mode of inheritance.'*?° There are few
reports of this condition in ruminants and affected individu-
als present with male phenotype and bilateral cryptorchi-
dism.? The genetic basis and mode of inheritance has not
been yet defined for goats and there is no known breed predis-
position. Cryptorchidism, testicular tissue, and vas deferens
along well-developed uterus are characteristic features of
PMDS in goats? and dogs."

Other potential DSD in goats include the well-known PIS,
considered a recessive inherited sex-reversal syndrome linked
to the homozygous polledness trait. Affected animals have
normal female karyotype (60, XX) with variable degrees of

masculinization including external male genitalia and testicu-
lar gonadal development. This condition arises in homozy-
gous females with a mutation in the FOXL2 gene that is
responsible for the polledness trait and also responsible for
ovarian development.?>?* In Case 2, the presence of small
horns and XY karyotype ruled out PIS.

These cases demonstrated that DSD can have a wide range of
phenotypes (e.g. freemartinism in small ruminants), whereas
in contrast, other conditions such as PMDS may have typical
features across species. Understanding the range of clinical
presentations and key features of various DSDs is not only
relevant for diagnostic workup, but also essential for under-
standing mechanisms driving reproductive development in
mammals.

Learning points

Freemartins are characterized by (XX/XY) blood chimerism
in ruminants. Although less common in sheep, it can present
with marked masculinization features compared to cattle.

The most extreme form of freemartinism in sheep can
include well-developed descended testes and spermatic cord
with no evidence of spermatogenesis.

PMDS is an exceedingly rare DSD in ruminants. Key features
reported in other species, including cryptorchidism, well-de-
veloped uterus, and vas deferens, plus normal male karyo-
type are also features present in goats with PMDS.
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