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Abstract
Freemartinism is one of the most commonly found intersex conditions in cattle,
although it may also occur in small ruminants. The freemartin phenotype appears in a
dizygotic twin pregnancy where one twin is a male and the other is a female. Due to
precocious anastomoses between the placental vascular systems of the two fetuses,
masculinising molecules reach the female twin and disrupt the normal sexual
differentiation, whilst in the male the effects of this association are usually minimal. In
cattle, this condition is observed in 90 to 97% of twin pregnancies.
A freemartin is, by definition, a genetically female fetus masculinised in the presence
of a male co-twin, giving rise to a sterile heifer. Genital tract defects with varying
severity can be observed in freemartin animals, which often present suppression and
disorganization of the ovary, originating a rudimentary or a testis-like gonad depleted of
germ cells. The uterine horns may be hypoplastic or instead may be reduced to a cordlike structure suspended in the broad ligament. Anatomic continuity between the uterus
and the vagina is frequently absent, and the existence of rudimentary vesicular glands is
typical. The external genitalia commonly presents enlarged clitoris, small vulva and a
prominent, male-like tuft of hair. As a rule, heifers born twin to a bull have to be
considered sterile and should be identified as early as possible to cull them from
replacement stock. Despite its limitations, freemartinism is currently diagnosed by
physical examination, as karyotyping or blood typing is often considered an unnecessary
expense.
In cattle, twinning trend has a genetic background that has been associated to
hormonal regulation in favor of double ovulations. However, the genetic determinant on
*
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the basis of twinning seems to have small importance when compared to environmental
or management-associated factors, particularly in dairy cows. In fact, in dairy animals, in
particular in high milk producing cows, it has long been proven that the increase of twin
calvings occurs due to the hormonal and metabolic disturbances in the energy balance
early in the post-partum period. With increased incidence of twin births in cow it is
reasonably expectable a small increase in the occurrence of freemartins at the farm levels.
In this paper it is the intent to describe the gross and histopathological findings of
freemartinism in cattle, using data gathered from a study at an abattoir (17 cases) and
from 3 cases diagnosed in living animals, supported by a review of the pathophysiology
of the process, and to discuss the available methods for identification of freemartin
animals at farm level.

Introduction
Freemartinism is a particular form of intersexuality in cattle, and represents one of the
most common forms found. This pathology can also be observed in buffalo and small
ruminants [9,16,34,35], although in sheep and goats other forms of intersexuality seems to be
more frequent than the freemartin syndrome [5].
A bovine freemartin is usually defined as a sterile female calf, born co-twin with a male
fetus that shows underdeveloped or misdeveloped genital tract as a result of early
development of vascular anastomoses between fetuses of different gender (Figure 1). As
consequence of placental anastomoses between the heterozygotic twins, blood chimaerism
occurs (60, XX/XY) and passage of male gonad determinants or hormones (such as AntiMüllerian hormone and androgens) are responsible for disrupted differentiation of the female
embryonic gonads and disturbed genital tract development [34,44]. Comparing to the
dramatic changes observed in genital differentiation in the freemartin heifer, the male co-twin
only evidence minimal gross defects, thought a decrease in male fertility have been reported
[11,34].
The external genitalia of the freemartin females is usually feminine in appearance [34,
44], though some minor differences may be perceived at closer examination, and the animal is
commonly raised as female. However, the internal genitalia is masculinized in some extent,
impairing reproduction and fertility. Absence of anatomical continuity between the vagina
and the uterus, hypoplastic or absent uterus, and hypoplastic or streak gonads, co-existing
with vesicular glands, are common findings in freemartin heifers [44].
As a rule, heifers born twin to a bull have to be considered sterile and should be identified
as early as possible to cull them from replacement stock. However, a small number of females
born from twinning pregnancies are not freemartin, although blood chimaerism may be
detected [60]. Furthermore, some freemartin animals have been identified that were born as
singleton due to the death in uterus of its co-twin [34].
This further reinforces the need for an adequate diagnostic approach for the identification
of a freemartin animal, whatever the aptitude (beef vs. dairy) or purpose. It should be
emphasized the importance for discarding the freemartin syndrome during a reproductive
evaluation whenever a heifer is intended to be maintained in the farm for replacement. Its
inability to reproduce demands its early detection, in order to put these animals on the market,
independently of its genetic value.
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Figure 1. Schematic representation of chorion-allantois anastomoses between two cattle fetus of
different gender, according to the literature.

The freemartin condition may be diagnosed on the basis of physical examination of
suspected animals, as well as by serologic or cytogenetic testing; the later being more
expensive and not always well accepted by the farmer, which often considers it an
unnecessary expense.
In a recent work on the occurrence of congenital abnormalities at an abattoir in the North
of Portugal, and for a 3-month period, a larger number of freemartin situations were detected
in dairy than in beef heifers (68.42% and 31.58%, respectively). In the same study,
freemartinism was found to present an incidence of 1.81% in dairy breeds, in comparison
with only 0.52% in beef breeds. In this chapter we ought to describe the histopathological
findings of 20 situations of freemartinism in cattle, diagnosed either in vivo or at slaughter in
animals older than 6 months of age, supported by a review of the pathophysiology of the
process.

Incidence of the Freemartin Syndrome
Prevalence of the freemartin syndrome in cattle population is directly dependent of the
prevalence of twinning within the population. Although congenital, freemartinism is not a
heritable defect, and consequently does not directly respond to negative selection. However,
twining seems to have some genetic background, and it has been found to present different
incidence among breeds. Additionally, twinning incidence may vary with men-imposed
artificial selection, either by culling or by intentionally use cows with higher twinning rates
[15], or even as consequence of multiple nonsexed embryo transfer, where the deposition of
two or more embryos is currently performed [34]. Multiple pregnancies are strongly affected
by age and parity, but only slightly influenced by season. In table 1, available values for
twinning rates in some cattle breeds are given.
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Table 1. Reported incidence of twin pregnancies in diverse cattle breeds
Breed
Jersey
Holstein
Holstein-Friesian
Guernsey
Simmental
Swedish Frisian
Swedish Red
Brown Swiss

Hereford
German Fleckvieh
Angus
Brahman
Santa Gertrudis
*
cited by Korkman, 1948.

Twinning rate (%)
1.3
1.83
3.4
4.75
2.91
2.33
4.6
1.95
2.57
1.47
8.9
4.08
0.4
3.16
1.1
0.2
0.4

Reference
Rutledge, 1975
Cady and Van Vleck, 1978
Rutledge, 1975
Cady and Van Vleck, 1978
Silva del Rio et al., 2006
Cady and Van Vleck, 1978
Weber, 1944*
Johansson et al., 1974
Gregory, 1990
Johansson et al., 1974
Rutledge, 1975
Cady and Van Vleck, 1978
Rutledge, 1975
Silva del Rio et al., 2006
Rutledge, 1975
Rutledge, 1975
Rutledge, 1975

Twinning in cattle is closely associated with double ovulation rates; therefore a majority
of twins (93-95% of twinning cases) results from the fertilization of two oocytes in the same
cycle [23,47,60]. From those twin pregnancies, about 92% will result in the freemartin
condition [29]. Beside a genetic component, the occurrence of twinning can be favored by the
profound metabolic changes in the early postpartum cows, which are particularly important in
high yielding dairy cows and which is traduced in the occurrence of 25% of twin pregnancies
(against the 4-5% incidence for low and regular milk yielding in Holstein-Frisian) [27,28,59].
Twinning is an undesirable reproductive outcome in dairy cattle systems, even if they have
the potential to improve the efficiency of beef production. It increases energetic demands of
the mother, while decreasing its potential fertility early in the post-partum period [23].
Multiple pregnancies in cattle have some other disadvantages besides the prolonged
postpartum resumption of the ovarian cyclic activity, including an increase on the number of
abortion, the stillbirth and the premature births, and the predisposition to dystocia [6,48].
Hence, it is possible, although rare, the birth of a freemartin female resulting from in uterus
death of her male co-twins after the establishment of fetal vascular anastomoses [20,34,40].
In such situations, single-birth is not always a warranty for the inexistence of
freemartinism [20,34,40], and this condition should be suspected whenever primary anestrus,
irregular cyclicity, genital malformations or perineal abnormalities are clinically detected.
These animals are usually subfertile heifers with an apparent normal genital tract upon
transrectal palpation. With increased incidence of twin births in cow it is reasonable to expect
a small increase in the occurrence of freemartins at the farm levels, and the need for an early
diagnosis and early identification of freemartin calves increases. In a recent survey on the
occurrence of congenital abnormalities at an abattoir in the North of Portugal, and for a 3
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months period, a larger number of freemartin syndrome conditions (n=17, for a total of 1867
cows) have been detected in dairy than in beef heifers (68.42% and 31.58%, respectively). In
the same study, freemartinism was found to present an incidence of 1.81% in dairy breeds
(mainly Holstein-Friesian), in comparison with only 0.52% in beef breeds.

Pathophysiology of the Freemartin Syndrome
As said, for freemartinism to occur 3 main events have to co-exist: i) a dizygotic twin
pregnancy, ii) with fetuses of different sex and iii) the occurrence of placental anastomosis.
Further, placental anastomoses have to occur early in pregnancy, as it has to be established
before gonadal differentiation, between 2 weeks and 30 days of pregnancy. Vascular
anastomoses occurring later than the female gonadal differentiation or its absence, like it is
most frequently observed in small ruminants, have been observed in only less than 10% of
twin, heterozygotic pregnancies in cattle [60].
Sex differentiation is a sequential, finely orchestrated process that is highly dependent of
the differentiated gonad to fulfill the development of the remainder reproductive structures
(Figure 2). In male calf, gonadal differentiation is coordinated, as in other mammals, with the
entrance of primordial germ cells in the undifferentiated embryonic gonad, by the time that
the cascade of events of gonadal organogenesis is triggered and SRY gene transcription
commence (Figure 2). Consequently, Sertoli cells differentiate and surround primordial germ
cells originating the sex-cords or seminiferous-like testicular cords [53], activating the
recruitment of mesonephric cells (a male-specific event) that will participate in local
vascularization, and the proliferation of interstitial cells with differentiation of Leydig cells,
which soon start producing androgens [2,45]. In the bovine male embryo this occurs by day
38-42 [55]. In the female embryo, gonadal differentiation is slightly postponed [19,40];
ovarian organogenesis occurs later than in the male embryo (Figure 1), apparently without
internal organization until day 70. Pre-meiosis begins by day 75, along with cortical cord
formation (or Pflüger´s cords), and oocyte inclusion within primordial follicles observed
between pregnancy days 130 and 170 [30]. In male embryo, the Anti-Müllerian hormone
produced by the Sertoli cells induces the seminiferous-like cord formation, the regression of
the Müllerian derivates, while androgens promote development of the Wolffian derivates and
the external genitalia masculinisation [19,56]. In female embryo, in the absence of
masculinising substances, regression of Wolffian derivates occur (Figure 2), while
differentiation and development of Müllerian derivates and external genitalia takes place
under the dependence of estrogens and specific signaling proteins [1].

What Happens Then during Gonadal, Internal and External Genitalia
Differentiation in the Freemartin Syndrome?
By the first week following testis differentiation in male embryos, the presumptive
freemartins do not differ significantly from normal females [19]. But by the following 2
weeks, a reduction in gonadal size and disruption of the presumptive ovarian cortex are the
major findings in freemartin females (Figure 2), along with the development of secondary sex
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cords. Yet any morphological masculinisation (i.e. differentiation of seminiferous tubules or
of Leydig cells) is also arrested [19]. The work of Vigier and colleagues [53] showed that
AMH acts on the embryonic gonads by disrupting its ability for early production of sex
steroids; inhibiting the aromatase activity, at the time of sexual differentiation the synthesis of
estradiol observed in normal embryos is switched in the freemartin embryo into the synthesis
of androgens, due to defective aromatization [10]. Consequent to early ovary exposition to
AMH, germ cells loss is observed along with the differentiation of epithelial cells that
resemble Sertoli cells. Those cells aggregate into cord-like structures [55,56], depleted or
containing fewer germ cells [52,55]. Seminiferous cords differentiate around day 80 in the
freemartin gonad, a later event when compared to the male embryo, originating the nodular
areas of testis-like organization that have been described in freemartin gonads. It is also by
this time that seminiferous cords scattered in the freemartin gonads start producing its own
AMH, although the amount of AMH produced is negligible in comparison to the amount
released by the testis of the male twin [10,56]. Nevertheless, presence of circulating AMH at
similar concentrations in the serum of twins of both sexes, at the moment of Müllerian duct
regression, has been demonstrated by Vigier et al. [54], and precedes the gonadal production
of this protein by the freemartin gonad.
By day 55 to 80, in freemartin pregnancies, Müllerian duct regression starts at the same
time in the male and female embryo [19,56]; it begins adjacent to the mesonephros and the
genital folds, and are responsible for a more or less pronounced absence of the Müllerian
ducts derivates, which is always more pronounced on its cranial region. In addition,
circulating androgens allow later incomplete development of the Wolffian ducts derivates in
the female freemartin embryo (Figure 2), like the seminal vesicles that are commonly in the
female freemartin [19,56].

Figure 2. Graphic representation of the major events on the gonadal and genital tract embryonic
development, according to the literature.

However, marked masculinisation of the external genitalia seldom occurs, although
differences in the ano-genital distance are usually found in comparison to that of the normal
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female. This could be explained by a limited capacity of androgen production by the
freemartin gonad (as most of male embryo androgens are not apparently transferred for the
female embryo), and occurs long after similar events in the male embryo [19]. The severity of
gonadal dysgenesis might be dependent on the extension of the period of AMH exposition
and the age of the embryos at the moment of exposition, which is influenced by the moment
of occurrence of the vascular interchanges. It has been demonstrated that large amounts of
AMH are produced in the male gonad between 50 and 65 days, gradually decreasing in later
stages of pregnancy [52,56]. This may also determine the extent and the severity of
disturbance of the internal and external genitalia development [53,60]. Furthermore, Jost et al
[19] report the existence of a slight lateral asymmetry in freemartins, with the left side
achieving smaller sized structures than the right.
Sporadically, freemartin chimaeric heifers without evidences of genital malformations are
found, and such situations are explained by the absence of vascular anastomoses between the
two placentas [12,49]. Occurrence of fertile female heifers co-twin to a male has been
reported to be less than 10% [60].

Gross Morphological Features in Freemartin
Heifers
There is considerable variation in the genital abnormalities described in freemartin
animals. Nevertheless, association between the severity of malformations (phenotype) and the
percentage of XX/XY cells were not found [35]. The degree of masculinisation of the
genitalia may be important when diagnosing the abnormal animal by means of the physical
evaluation. However, marked masculinisation of the external genitalia is seldom observed.
Also, discrete masculinisation of the external genitalia may difficult initial detection of
freemartin heifers, in particular if arising from singleton calving.
If, most frequently, the external genitalia of the freemartin heifer is feminine in
appearance [29], an enlarged clitoris is commonly found, co-existing with a small vulva and a
prominent tuft of hair (Figure 3A and 3C) [22,31]. It is frequently reported the emission of
urine in upwards spurts (Figure 1B). The small-sized vulva shortens the distance between the
anus and the ventral vulvar commissure, and may also give a different angulation to the
vulvar area (Figure 3D). The internal genital tract of freemartins can be more or less
masculinised. In the 20 situations analysed, the majority of animals presented underdeveloped
uterus (n=14), with uterine horns not longer than the length of the segment of the uterine body
and cervix.
However in a few cases the uterus was rudimentary (n=2) or was reduced to a thin tubular
or cord-like Y-arranged structure (n=4), miming the normal uterine disposition [22,29]. By
transrectal palpation, the later may be apperceived as a rudimentary uterus with the two
uterine horns being longer and thinner than the usual. The presence of vesicular glands was a
constant (Figure 4A), but the prostate is seldom found [58]. In highly masculinised animals, it
is possible to observe some degree of virilization of the phenotype, with the freemartin
displaying a male-like head or body morphology. It is generally accepted that for most
freemartin animals the vagina is shorter than in normally developed females, and frequently is
non-patent or blind ending [34, 44], independently of the development of the uterus.
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Figure 3. The external genitalia of freemartin heifers. A) In freemartin heifers the vulva is smaller and
present a tuft of hair; B) also in these animals, emission of upwards spurts of urine are frequently
reported; C) An enlarged clitoris is a common finding. D) A fish-hook vulva confers a different
angulation of the external genitalia onto the perineum (left), compared to the linear trajectory of this
area in normal females (right), as depicted by the blue lines on the images.

Occasionally, fluid accumulation in the uterus, with subsequent distension of the organ
(Figure 4B), may be found. The cervix is seldom present [29,44] or is underdeveloped, hence
being reduced to a narrowed canal with thick walls (Figure 4C). The cervix with its normal
relief was not detected in none of the cases we had, albeit a cervix was found in one of the
freemartins in the study of Wilkes et al. [58]. Hypoplastic to rudimentary vesicular glands are
commonly found attached to the lower fused segments of the paramesonephric ducts (Figure
4A), and may be considered as key-diagnostic element [44]. They were found in all our cases,
but Khan and Foley [22] only found vesicular glands in about 73% of the analysed genital
tracts. Vesicular glands are frequently palpated as a smooth bilateral mass lateral to the caudal
tubular genitalia. It is also frequent to find one of them more developed than the other, hence
being more easily palpated. In one animal (of Swedish Red breed, SRB) from our survey it
was found duplication of these structures, showing two pairs of vesicular glands, which was
sporadically reported in freemartin heifers [31]. Commonly, on transversal cuts, the ampulla
can be found medial to the seminal vesicles, even if not detected during transrectal palpation
(Figure 4D). In our survey, the prostate was never found. Rudimentary ampulla may also be
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found within the uterine serosa, on histology slides. If present, the uterus may be hypoplastic
or even rudimentary (Figure 4E). A clear definition of the uterine body and cervical area is
seldom perceptive, and intercornual ligaments are frequently poorly developed or missing.
Lack of communication between the vagina and the uterus may lead to accumulation of the
uterine fluids upstream to the obstruction (Figure 4B).

Figure 4. Gross morphology of the genital tract of freemartin heifers. A) The vesicular glands are
usually present and therefore are considered key-diagnostic. B) Non-patency of the cervical rudiment or
failure of connection between the vagina and uterus lead to uterine fluid accumulation and to enlarged
uterus. C) Often the cervix fails to develop its normal morphology and may remain as a narrowed
structure of thick walls. D) Transversal cuts performed at the vestibule may show the vagina (V) in
ventral position, the vesicular glands (VG) lateral and upwards, and occasionally, in medial position,
rudimentary ampulla (arrows). E) A very rudimentary uterus may be found, co-existing with streak
gonads. F) In one freemartin, a cyst formed a barrier between the uterus and the vagina, leading to
mucometra. G) The uterine horns might resemble finger-ended, due to cranial regression of the
embryonic Müllerian ducts. H) Remnants of the Wolffian ducts (arrows) may occasionally be found
parallel to the caudal female genitalia as tubular, non-contiguous ovoid structures. I) Rudimentary
tubular or cord-like structures may be found surrounded by a dense ligament, in the normal uterus
position. J) Some cord-like structures, when present, do not show anatomical continuity and often fail
to present lumen.
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Figure 5. Morphological appearance of freemartin gonads. A) Frequently, the freemartin female
presents rudimentary gonads and rudimentary epididymis (arrow). It is also often found the presence of
cystic structures at the surface of the gonad, due to lack of connection between the rete and epididymal
structures. B) Smaller gonads are firm, compact, with occasional yellowish nodules. C) Larger gonads
may mimic the ovarian morphology of a cyclic female. D) On longitudinal cuts (same gonad as in C)
some cystic structures similar to follicles may be observed (asterisks), co-existing with a large cavitary
structure; in this case, the cysts corresponded to extended cystic rete tubules conferring a spongiform
appearance to the gonadal parenchyma. E) On ultrasounds the gonads may show areas with regular
hypoechoic mass, somehow similar to that observed in CL, and if cysts exists, some small anechoic
structures that could deceive onto small developing follicles. F) Sporadically, a round rudimentary
gonad (Gon) was found along with a structure similar to a rudimentary epididymis (arrow), which did
not assume it anatomical relation with the testicle.

In one of the situations, diagnosed in a SRB freemartin heifer with a small-sized uterus, a
thin wall (mimicking a vesicle or cyst) was the sole obstruction found, but was at the origin of
fluid accumulation in the uterus (Figure 4F). Due to non-patency of the genitalia uterine
fluids tend to accumulate, distending the uterine walls (Figure 4B). In some animals, the
cranial apexes of the uterine horns are missing, and uterine horns appear as finger-ended
(Figure 4G) [29]. Most frequently, oviducts are not found on gross inspection. Remnants of
mesonephric ducts may be present (Figure 4A and 4H), parallel to the Müllerian derivates.
Though some parts of the mesonephric duct persist in the freemartin animal, and may be
sporadically found in animals presenting a clearly developed uterus, the epididymis and the
spermatic cord are usually absent or poorly developed (Figure 5A and 5 F) unless the genital
tract is markedly masculinised [31], therefore co-existing with cord-like structures within a
ligamentous structure similar to the broad ligament. Although, in some cases these structures
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are limited to several tubular segments without anatomical continuity (Figure 5I and J), which
not always showed lumen.
Gonads may appear as thickened structure near the apex of the uterine horn (Figure 5A
and 5B) or as a round structure that may present some cyst-like areas that may delude as
ovarian follicles (Figure 5C and 5D). During transrectal palpation, larger gonads may be
mistaken for cyclic ovaries, in particular if the owner has reported erratic or discrete oestrus
behaviour. In contrast, whenever small, rudimentary (streak) gonads exist, they are usually
difficult to palpate and even be missing during transrectal examination or during genital
excision at the abattoir. Larger gonads may present on the surface cut a spongiform, yellowish
to orange parenchyma. Whatever the size of the gonads may be, it is also possible to find
yellow firm areas or cystic follicular-like structures at the surface of the freemartin gonads,
that may induce misjudging of existing ovarian activity (Figure 5D). On ultrasonography
(Figure E), cystic areas may appear as anechoic round structures similar to follicles while the
cord-like areas appear as a slight hypoechoic areas; firm, yellowish parenchyma may give a
homogeneous hypoechoic image, resembling that of the corpus luteum (CL), although not
always as clearly delimited as in the cyclic cow (Figure 5E).
Rarely, in highly masculinised animals, the gonads may be found in the inguinal area, but
not in the scrotum, which does not develop in freemartin animals [29,31]. Peretti et al. [35]
describe 3 cases where inguinal testis were found in the inguinal fat, in freemartin Simmental
animals, two of them also presenting subinguinal vestigial prepuce. In our survey, all the
gonads were found in the abdomen in the normal position for the ovary.
Of the heterosexual twins, all males are sexually competent, albeit with somewhat
reduced fertility compared with that of the singletons [11], whereas 5–10% of the females,
which are not freemartins, are fertile [60].
Though a male born co-twin to a freemartin calf rarely display gross morphological
malformations [25,44], reports of associated male infertility and poor libido exists [11]. Still,
the origin for infertility remains controversial. Some of the reports describe the presence of
focal areas of testicular degeneration [11] and of testicular hypoplasia [34], which could
account to infertility. In addition, the existence of spermatogonial XX/XY chimerism [37]
allied to chromosomal fragility, as demonstrated by Peretti et al. [35], or to increased
degenerative changes could also contribute to loss of fertility in males born co-twin to a
female. XX germ cells do not survive in male gonads [57]. In some situations, infertility has
also been associated to changes in the quality of sperm (motility, concentration, morphology
and viability) co-existing with of acrosome defects [37].

Histopathological Findings in Freemartin Heifers
Evaluation of tissue sections from different segments of the freemartin genital usually
reveal normal to hypoplastic morphology, with exception for the gonads, which showed the
most pronounced changes. Freemartin females most commonly show gonadal dysgenesis
albeit various degrees of modification may be observed. Nevertheless, an apparently normal
ovary with a functional corpus luteum [58] as well as pregnancy and parturition [49] have
been reported in freemartin heifers.
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When a major ovarian morphology is retained, most often the rete ovarii is well
developed whilst the other ovarian structures may be scarce or absent. In contrasts, when
pronounced masculinisation of the gonads occurs, proliferation of seminiferous-like tubules
within a compact interstitial parenchyma resembles a hypoplastic testis [44]. In such cases,
there is also development of the mesonephric ducts, and affected animals show rudimentary
epididymes, deferens ducts and pampiniform plexes [38]. If the percentage of the XX/XY
chimaerism does not correlate to the reproductive phenotype [29,35], the degree of
malformation of the gonads may influence the development of the remainder of the genitalia
considering their androgenic capacity.
According to Willier [57] gonadal dysgenesis could be grouped according to three main
patterns of disturbed differentiation: a more undifferentiated gonad, a gonad where ovarian
morphology prevail and a more masculinized gonad. The prominence of the rete structure is a
common finding in the freemartin gonad (Figure 6A), and usually assumes an eccentric
position in the gonad [31]. Different architecture may be present in the gonads of the same
freemartin animal, with one gonad being less differentiated than the other [29]. In cases where
ovarian morphology dominates, a prominent rete ovarii is frequently found (Figure 6A); the
cortex is poorly developed, with scant follicular structures scattered within a fibrotic
parenchyma (Figure 6B), although the presence of germ cells is rare. Disorganized, poorly
differentiated rete, centrally located within the gonad, may also be observed in less
differentiated gonads (Figure 6 C). Sporadically, masses of tissue resembling corpora lutea
(Figure 6D) may be found; these masses might have their origin from luteinization of atretic
follicles or from the formation of interstitial gland-like masses [22,29,31]; however, most
frequently those masses are not clearly delimited, excluding the first hypothesis. In freemartin
gonads, ovarian-like structures may co-exist with areas of less differentiated structures,
resembling sex-cords, or with testicular tissue, presenting hypoplastic seminiferous tubules
mainly composed by Sertoli cells (Figure 6E). In cases of more pronounced gonadal
masculinization, cord-like structures resembling seminiferous tubules, containing Sertoli cells
predominate [31, 38, 44], accompanied by proliferation of the interstitial tissue, with Leydig
cell hyperplasia. Occasionally only testicular tissue is found, along with rete testis and
epididymis. Even then, germ cells are seldom found [31,44], and when present, they are of
spermatogonial type. Dystrophic calcification or concretions have been reported within the
seminiferous tubules [31,51]. In some situations cystic dilatation of the rete tubules or of the
efferent ducts are observed (Figure 6F to 6H).
The development of the tubular genitalia, either of mesonephric or paramesonephric
origin, varies considerably, but is frequently hypoplastic, or may even be reduced to a thin
tissue band of tubular appearance [51]. The lumen of epididymal tubes and deferens ducts
contains no cells (Figure 6I), as no spermatogenesis exists in freemartin heifers, even if
seminiferous tubules are found in the gonads [31].
Occasionally, failure of the normal differentiation is also observed, with mesonephric
duct remnants appearing as a rope-like structure that may be devoid of lumen (Figure 6J and
6K). If the uterus is present, normal organogenesis may be disturbed, originating
disorganization of the myometrial layers, reduction of the glandular elements and reduced
thickness of the endometrium (Figure 6L and 6M) [22]; the absence of uterine lumen has
been seldom described [18]. Nevertheless, in some situations normal histological architecture
is retained. Vesicular glands, although often present, are usually hypoplastic (Figure 6N),
consisting of relatively few alveoli surrounded by an extensive connective stroma [22].
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Figure 6. Histological images of diverse segments of different freemartin genital tracts. A) In most
gonads, prominence of the rete structure was found [Scale bar: 300 m]. B) In less developed gonads,
scant follicle-like structures were found scattered within a fibrotic parenchyma [Scale bar: 100 m]. C)
In streak gonads, the most prominent structures correspond to disorganized poorly differentiated rete
[Scale bar: 300 m]. D) Sporadically, masses of luteinized-like cells may be found, resembling a nondelimited corpus luteum [Scale bar: 100 m]. E) Frequently, freemartin gonads show areas composed
of seminiferous-like cords [Scale bar: 100 m]. F) When the rete patency is compromised, cystic
dilatation of rete tubules may be found [Scale bar: 300 m]. G) Multiple cystic rete structures
containing fluid [Scale bar: 300 m]. H) A cystic structure in the pole of the gonad may resemble a
small follicle [Scale bar: 300 m]. I) In freemartins, rudimentary epididymal ducts are devoid of
spermatozoa [Scale bar: 300 m]. J) Mesonephric remnants of disturbed morphology were observed
[Scale bar: 300 m]. K) Some of those remnants were devoid of lumen [Scale bar: 300 m], L)
Hypoplastic uterus showing a decrease in the epithelial elements and absence of caruncular areas [Scale
bar: 300 m]. M) Hypoplastic uterus without surface folds and irregular disposition of the myometrial
layers [Scale bar: 300 m]. N) Rudimentary vesicular glands (right structure) lateral to the undeveloped
ampulla (left) [Scale bar: 300 m]. O) Coiled, penis-like structure with rudimentary cavernous spaces
within connective tissue, surrounded by an albuginea; the central urethra, usually found in the male
penis, is absent [Scale bar: 300 m].
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The glandular elements of the vesicular glands are lined by low cuboid epithelium. In
some animals, the clitoris is greatly enlarged and rather resembles a penis-like structure that
may direct urine spurts upward during urination. One of the freemartins in our survey showed
a enlarged clitoris, similar to a small, highly tortuous penis that extended into the vagina.
Longitudinal histological cuts of this structure presented several almost transversal sections
(compatible with a convoluted trajectory for this structure) composed of scant erectile
elements scattered in a fibrous stroma (Figure 6O).

Diagnosis of the Freemartin Syndrome
If freemartinism is associated with female sterility, diagnosis for freemartin females urges
to be detected as early as possible, particularly in dairy farms. This would allow distinguish
the females bearing freemartin symptoms and those that are potentially fertile from those born
co-twins with a male, the later accounting up to 8%. This would avoid culling animals of high
genetic value that may be used in reproduction, together with identification of animals that
should not be maintained in the farm, unless for beef production, where its sexual competence
is unimportant.
At present, freemartinism may be diagnosed by physical examination, karyotyping, blood
typing, polymerase chain reaction (PCR) or fluorescence identification of Y-chromosome
directed probes (FISH). But each of these methods has limitations and costs, those being
higher when laboratory exams are requested. Still, laboratorial methods also require a correct
planning for the collection and sending of the sample, and obviously additional time for cell
culture, extraction and evaluation of the results. Nevertheless, none of these methods is ideal
in terms of speed, sensitivity, or specificity [50].
All animals born from a heterozygotic pregnancy should be suspected freemartins until
proven otherwise. This procedure is particular important when the owner plan to use the
animal for reproduction, and the freemartins have to be ruled off the replacement stock.
Furthermore, to improve a systematic identification and culling program for freemartinism, it
is very important that the farm records are actual and precise. Also attention should be paid to
singleton females (or those born co-twin with fetal monsters) that present abnormal position
or appearance of the vagina/perineum area, primary anestrus or irregular estrous cycles. The
first approach should be a thorough physical examination of the suspected animal, which may
allow identifying about 80% of the freemartin animals [60]. If inconclusive or when a
confirmation is desired, the adequate laboratory methods may be used.
Identification of freemartin animals by physical examination is based on the fact that,
despite the variations observed within this kind of animals, usually two main clinical signs are
most frequently presented in freemartins: a vagina shorter than the normal, and the existence
of seminal vesicles in a phenotypic female [18,26,29,31,44,60]. A positive diagnostic is far
most easy in highly masculinized animals, but evidences for abnormal development of the
internal and external genitalia should be carefully searched for either by inspection,
transrectal palpation and ultrasonography. The clinical approach is simple, quick and allows
to reduce cost from laboratorial tests, as a large number of animals may be identified through
a careful clinical evaluation.
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When approaching a suspected freemartin animal, close inspection of the vulva-vagina
segment may reveal the presence of longer vulvar hair, abnormal angulations of the vulva,
resembling a fish-hook shaped vulva, and clitoromegalia. The enlarged clitoris commonly
seems to prolong into the vaginal cavity. Then, the evaluation of the vagina may give some
indications about its size and the existence of a blind-ending structure, as rarely in freemartins
the cervical structure is palpated or visualized at the cranial end of the vagina. A small blindending vagina where the cervical relieve is not possible to palpate or to visualize by
vaginoscopy is a strong indicator for freemartinism. The length of the vagina may be
evaluated in suspected animals from one month of age upwards, and the differences in length
are usually more pronounced in older animals. Measurements can be performed with the well
lubricated round end of a blood collection tube, in younger animals, a commercially available
curved plastic probe (Figure 7), or a blunt-ended probe [21,26,60]. According to our
experience, a plastic sleeve intended for an AI pistolette works quite well: it is very easy to
insert in a small heifer without using too much pressure. The probe must be inserted in the
vagina at an angle of 45º, before be angled downwards to avoid the hymen constriction in
smaller heifers [26]. Particular attention should be paid to obtain the measure of the distance
to the front end of the vagina, but not to the hymen in normal young animals. Freemartin
Holstein calves of up to one month-old present a vagina 5-8cm long, while in normal females
it is 13-15cm long; in mature freemartins, the vaginal length is only 8-10cm, whilst in normal
cows the vagina is about 30cm long [26,29,58]. Peretti et al. [35] refer to vaginal length
varying from 1.5 to 9cm in sixteen freemartin heifers of 10 to 23 years old.

Figure 7. A) Freemartin Probe, also known as Ru-an or as Jor-vet probe [see at www.valeyvet.com or
www.enasco.com]. B) Graphic representation of the differences found when using a freemartin probe
on a normal heifer (Left), where the probe is introduced longer on the vestibule than in the freemartin
heifer (Right), where the probe does no enter more than its first part.
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However, occasionally freemartins heifers present almost normal vaginal length, hence
escaping from this first trial; in such situations, being important to cull potentially sterile
animals, the cytogenetic or serologic tests should be use. In animals older than 6 months, the
existence of vesicular glands from middle to caudal aspect of the tubular genital tract can be
perceived during transrectal palpation near the bladder neck. Usually, the gland in one side is
easier to palpate than the other, due to the fact that small lateral asymmetric development of
the genital structures are common [19]. The small vesicular glands are usually palpated as a
tubular, cigar-shaped, smooth structure; although they present in bulls a lobular surface, this
is seldom apparent during palpation.
The blood grouping is one serologic test was never regularly used for discarding
freemartinism. Although the probability of two dizygotic twins having the same blood group
is quite low, in fact the test for the tolerance onto the co-twin cells could be used for
freemartin diagnosis. If there have been vascular anastomoses between the two placentas,
each fetus will have two populations of erythrocytes and by consequent two sets of red blood
cells antigens [26]. In such tests, blood group markers are used to evaluate for the presence of
hemolysis. Partial hemolysis (when its absence or complete hemolysis is normally expected)
indicates the existence of tolerance, thus of blood chimaerism, and is interpreted as sign for
freemartinism [7, 21, 29]. Blood heparinized samples should preferably be sent for a
reference lab. Nevertheless, this test presents too many inconclusive results to assure the
necessary accuracy. Also, blood grouping test can only be used in animals older than one
month, when surface antigen in blood red cells are matured [26].
On the other hand, the cytogenetic tests are probably the most accurate laboratorial
methods for freemartin testing, and yet its efficiency fairly reaches 90% [7,34]; they are
particular indicated for animals clinically normal. They can be used in all animals, even in
newborns, as once established blood chimaerism persists during the entire life of the animal,
whether it shows a female or a male phenotype. The classical, standard karyotype assesses the
existence of blood chimaerism in leukocyte cultures, hence supporting evidences for the
existence of vascular anastomoses during pregnancy [11,21,34]. However, this method has a
several handicaps: the distribution of the percentage of male cells is quite variable, and
animals with a very low male percentage may fail to be detected unless a large number of
mitosis is analyzed (up to the double than for the normal karyotype) [29]. Further, bacterial
contamination of the sample [21] or ongoing infections in the animal compromise the
lymphocytes cultures and may impair conclusive results. In addition, temperature during
transportation and storage as well as shipping period are determinant for the success of the
technique. The development of new techniques, such as the Polymerase Chain Reaction
(PCR), and the identification of genes in the X- or Y-chromosomes related to the sexual
differentiation that can be demonstrated by in situ hybridization using a fluorescent dye
(FISH), improving the efficiency of freemartin detection up to 98% [7,50]. PCR technique
allows of male-specific DNA amplification [13], thus presenting several advantages in
comparison to karyotyping, as it allows the use of small amounts of sample, is relatively fast
and precise, is a more sensitive assay than the karyotype [13,14,32,50], and it also allow to
use samples other than blood, though the precision of the test on those samples may be lower.
In PCR, a known Y chromosome-specific DNA sequence is used to target XY cells; the
absence of Y-chromosome sequences excludes freemartinism.
Some FISH techniques use the entire blood lymphocytes with or without previous culture
[33,50]. Specific markers or probes similar to those used in PCR technique can be used to

Freemartinism in Cattle

115

detect the Y-chromosome. By using a Y chromosome-specific probe, fluorescence is search
in positive cells within a slide [49]. Those authors report equivalent ratios of the XY to XX
cells or the chimaeric freemartins using his FISH test (using an Y chromosome-specific probe
containing the BC1.2 DNA sequence) as those obtained by karyotyping in the same animals.
However, for maximizing the efficiency of the technique, a large number of cells should be
analyzed, as for the karyotype.
For cytogenetic analysis, blood samples must be aseptically collected into samples to
vacuum heparin (about 5-10 mL; for chromosomal tests) and EDTA probes (5-10 mL; for
DNA tests), and maintained chilled until reaching the lab. Plan the request for cytogenetic
analysis in advance. Talk to the lab, as if cultures are needed it is probable that the blood
ought to arrive at the lab on specific days of the week. Organize the shipment to target those
days, and to achieve adequate periods of transportation. By doing that you minimize any
constrain associated with sample manipulation and assure that your sample arrived at the lab
in good conditions for the analysis. Fundamental information should always accompanies the
samples, like the motive for the request of the analysis, as it may indicate the need for higher
number of observations to be performed, particular on karyotyping. One should be aware that
cytogenetic test and karyotyping only confirm the existence of blood or tissue chimaerism;
hence results should not be used isolated for achieving a freemartin diagnosis, but rather
ought to be cross with the results of the clinical examination. Various alternative diagnostic
methods based on endocrine determinations or hormonal challenge tests have been proposed
besides the cytogenetic tests, based on the observations that freemartins animals present
different gonadal morphology and structures. Differences in sex steroids and gonadotrophins
profiles between freemartin and normal heifers have been studied, as an attempt to establish
gonadal functionality as a predictor of forthcoming fertility. However, these kind of test
present low specificity, and are highly variable with age and the degree of the freemartin
masculinisation.
Plasmatic testosterone levels remained undetectable in freemartins [36,38,41], whilst
those of androstenedione are increased in freemartin animals aged of 24 months but not in
normal or freemartins animals of 10-12 months old [41]. Rota et al [38] report low
progesterone values in freemartins and normal calves until puberty, a time when normal
animals start cycling, but not the freemartin heifers. However, occasional surges on
progesterone have been observed by Saba and colleagues [41]. No differences have been
described in progesterone levels between freemartins and controls [36,41], but blood values
of progesterone surely depend on the presence and on the amount of luteal tissue on the
gonads [34]. Estradiol 17 was found to be lower in freemartin heifers than in the controls,
albeit without statistical significance [36, 46]. Overall steroid production by freemartin
gonads does not clearly differ from the observed in normal animals, in particular in young
animals below 12 months old. This could be detected through challenging tests. Freemartin
heifers fail to respond to hCG administration with an increased in estradiol or progesterone,
as do normal animals [4,43].
Randel et al. [36] report higher plasma LH levels in freemartin heifers when compared to
controls, comparable to those expected following ovariectomy. Saba et al. [42] tested LH
response of freemartin and normal, non-cyclic heifers to exogenous estradiol stimulation, and
observed a consistent LH treatment-induced surge in control heifers at 9-18 hours post
administration; in contrast, in the freemartin group, an absent or diminished response to
stimulation was observed. Later on, Cunningham et al. [8] demonstrated that some of those
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freemartin heifers achieve equivalent LH-induced surges, only delayed in time for 48-72h.
AMH plasmatic levels seems to be slightly increased in freemartin newborn and in animals up
to 5 months of age, in comparison to normal females [38]. Also AMH levels tend to be higher
in freemartins with marked masculinisation of the gonad, thus serving as indicator of the
presence of seminiferous cord-like structures. AMH may be measured by an ELISA
technique in serum or plasma samples. Ideally, blood samples should be centrifuged short
after collection, and sent to the laboratory within short time. Avoid freezing/thawing cycles,
as it may be deleterious for the molecule integrity. Although available, hormone-based
methods are not regularly used for freemartin identification, as their reliability is lower than
most cytogenetic analysis, and their cost is sufficiently lower to become an advantage. Best
results are obtained in older animals [43], where ovarian activity was suspected to exist. The
exception is the AMH determination that should be performed in animals younger than 5
months old. The serological tests only give information on the functional capacity of sex
steroid production by the gonad, and indirectly may inform on the possibility of ovarian
dysgenesis. Nevertheless, information on nutritional deficiencies, thyroid function and other
diseases that may be associated with anestrus should be taken in consideration when
discarding a freemartin situation.

Conclusion
Although not a heritable effect, freemartinism is a congenital syndrome that in
association with twinning may prevail or even increase in cattle farms. Thus, the frequency of
freemartinism in cattle population is directly associated with the prevalence of twinning births
in the population. Most frequently freemartin sterile heifers born co-twin to male calves.
Sterility is related to malformations arising in consequence to precocious anastomoses
between the placental vessels of embryos of distinct gender, which predispose the female
embryo to abnormal differentiation of the genital tract due to the crossing of masculinizing
substances. Nevertheless, in a few situations (less than 10%) vascular anastomoses occurs
latter than the threshold period, and though presenting blood chimaerism, the female calf is
quite normally developed. Further, when in uterus death of a male embryo occurs, singleton
freemartin female may result, despite few cases have been reported.
Consequently, one should be aware of the persistence of freemartinism in cattle farms, of
the possibility for different malformations of the genital tracts, and on the methods that can be
used for early detection of the syndrome in animals not intended for beef production.
Maintenance of freemartin females, potentially infertile, in the replacement stock has negative
results in the farm economy. Ideally, these animals should be early detected and channeled
into the market stock.
The freemartin syndrome is not necessarily a limiting factor in cattle production. It is
important to strengthen that all heifers wished for replacement purposes should be submitted
to a complete reproductive examination to exclude freemartinism and ascertain its fertility
potential. At the moment, it does not exist a simple, 100% trustful test. A first approach
should include the physical and genital tract evaluation. This first trial will allow identifying
the animals with clinical signs. All animals suspected of freemartinism (born for twin
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pregnancies and showing normal or almost normal genital tracts) with almost normal
genitalia, and all doubtful cases should be submitted to laboratorial studies.
The genetic tests will allow confirming the existence of chimaerism or the existence of
cells carrying the Y-chromosome, but they do not identify potentially fertile females born cotwin with a male calf. Those may be identified through the use of serological tests for the
ovarian function. On respect to the reproductive function of the male calves born co-twin to
freemartins, conflictions reports exist and several questions remain to be answered,
demanding for additional studies that include a larger number of animals. Freemartin animals
may be culled from the reproduction stock, and they can be used for beef production, as the
freemartin carcass has similar characteristics to normal animals.
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