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Abstract

Background: The developmental disruption of the miillerian duct and the endometrial dynamic can generate genital
lesions that could contribute to infertility.

Aim: This paper discusses two cases of genital conditions associated to endometrial gland pathologies in nulliparous
female camels.

Methods: Macroscopic examinations and histopathological description were performed on congenital and acquired
genital abnormalities with endometrial gland anomalies.

Results: The first case is endometrial gland agenesis associated to unilateral uterine aplasia, and the second case
is endometrial gland dysgenesis associated to metritis. The prevalence of each case is estimated to be 0.6%. The
most specific microscopic features associated to the endometrial gland agenesis were the presence of endometrial
stromal proliferation and homogenous hyalinization of the myometrium. The acute metritis was associated to
endometrial-activated stroma with focal infiltration with inflammatory cells on the endometrium and myometrium and
the spontaneous endometrial gland dysgenesis.

Conclusion: This study reveals the importance of congenital abnormalities during the routine reproductive examination
of peripubertal animals, as well as the association of histopathological complementary examination for the research
functional and inflammatory anomalies of the uterus. Genetic screening of breeders would be very important in the
search for genetic risk factors associated with these congenital pathologies, which can be disseminated by reproductive
biotechnologies.
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Introduction

The vast array of structural anomalies seen in Miillerian
duct defects results from interruption or dysregulation
in Miillerian duct development at various stages of
morphogenesis (Gray et al., 2001a). The well-known
factors, such as intra- and extrauterine elements,
genetics, and teratogens, have been associated with
Miillerian duct anomalies (Golan et al., 1989; Spencer
et al., 2019). The genetics of Miillerian duct anomalies
are complex. In general, they occur sporadically,
and the most familial cases are multifactorial. Other
modes of inheritance, including autosomal dominant,
autosomal recessive, and X-linked disorders, also exist.
Miillerian anomalies may also represent a component
of a multiple malformation syndrome (Carson et al.,
1983; Shulman and Elias, 1988; Verp et al., 1983).

The unicornuate uterus is the result which completely
or incompletely fails to elongate the Miillerian duct
and may arise as a consequence of agenesis involving
all structures derived from one urogenital ridge

(Demir et al., 2007; Haydardedeoglu et al., 2006;
Miilayim et al., 2003). This anomaly was reported in
farm animals such as riverine buffalo (Azawi and Ali,
2011; Chethan et al., 2017) and in the canine population
with prevalence ranging from 0.02% to 0.05%
(Mclntyre et al., 2010; Roberts, 1971). The process of
endometrial gland development is called adenogenesis.
The inhibition of the development of these glands
through gene mutation, epigenetic strategies,
endocrine, and cellular mechanisms results in infertility
(Gray et al., 2001b; Witkowski et al., 2017). Cases of
total intrauterine gland developmental agenesis were
reported in ewes, bitch, and mare (Chethan et al., 2017,
Dockweiler et al., 2017; Gray et al., 2002).

In mice, it has been established that several genes
aside from the Hoxa and Wnt families have to regulate
Miillerian duct differentiation (Connell et al., 2013).
A temporal and spatial variation in expression of the
Wnt and Hoxa family genes may explain the diversity
of uterine shapes, endometrial glands agenesis,
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disorganized myometrium, and reduction in stromal
compartment, suggesting different degrees of Miillerian
ducts fusion (Massé et al., 2009; Miller and Sassoon,
1998; Warot et al., 1997). Catenin (cadherin-associated
protein), beta 1 (Ctnnb1) produces the protein -catenin
and is a downstream effector of the Wnt family genes.
The knockout of this protein leads to the absence of
uterine glandular tissue and epithelium that resembles
that of the vagina (Jeong et al., 2009). Finally, forehead
box A2 (Foxa2) has been identified as an important
regulatory gene in gland formation as ablation of
Foxa2 leads to glandular agenesis (Jeong et al., 2010).
As reported above, the pathways that orchestrate
Miillerian duct formation and differentiation are
obviously complex. The endometrial gland dysgenesis
was reported to occur during the nonbreeding season
of the camel species (Ali et al., 2017). Such reduced
endometrial gland numbers were associated to
pregnancy rate decease in adult heifers and ovine
Uterine Gland Knockout (UGKO) (Floyd et al., 2001;
Gray et al., 2000) and result in fibrotic lesions in mare
endometrium (Gerstenberg et al., 1999).

The bibliographic data in camel species lack information
on the adenogenesis failure. In the present study, we
try to evaluate the prevalence of occurrence of the
endometrial gland agenesis associated to the uterine
horn aplasia and the endometrial gland dysgenesis
associated to uterine infection in nulliparous female
dromedary camels. The histopathological descriptions
of these genital abnormalities were also considered.

Materials and Methods
Study region
The experiment was conducted at El Oued region
situated in the extreme arid region of southeastern
Algeria (Latitude: 33°5" and Longitude: 6°11’, average
altitude of 80 m, average annual temperature of 25°C,
and mean annual precipitation of 80 mm).
Animals
This study was conducted between February 2013
and August 2014. A total of 165 female camels were
selected by systematic random sampling technique
from the local transhumant herds of Sahraoui breed.
They have normal clinical conditions without clinically
apparent disease. The age of these animals varies
between 6 and 20 years, and their body condition
ranges from 2 to 4 on a scale of 5 according to Faye
et al. (2001). The reproductive histories of the studied
animals were unknown. All the animals were culled
from pastoral herds and intended for the production of
meat for human consumption. A general examination
of each animal was undergone with special attention
to genital locoregional signs (Hanzen, 2015a;
Tibary, 2007).
Macroscopic and histopathologic examination
Following the slaughter of each animal, the genital tract
topography was determined according to descriptions
reported by Ali (2010) and Hanzen (2015a). The genital

tract was separated carefully from the pelvis and
surrounding structures. A standard genital examination
was adapted for an in vitro diagnosis. Macroscopic
examination was performed thorough inspection and
palpation in a progressive ascending sequence (vulva,
vagina, cervix, uterus, oviducts, and ovaries) (Hanzen,
2015a; Tibary, 2007).

The genital tracts were sampled taking 2-3 pieces
from different tubular portions which were kept in
10% formaldehyde solution for 15 days, processed to
paraffin, sectioned at 5 um, and stained with hematoxylin
and eosin stain for subsequent histological examination
(Gherissi et al., 2018a). Finally, the histopathological
features were identified and then verified by the board-
certified pathologist.

Statistical analysis

The prevalence of the endometrial gland anomalies
associated to other genital tract abnormalities was
calculated wusing Microsoft Office Excel 2013
(prevalence % = number of affected cases/total number
of examined cases).

Results

Prevalence of the congenital uterine anomalies

The present study revealed two cases of congenital
Miillerian duct anomalies among 165 studied female
camels, i.e., a rate of 1.21%. The endometrial gland
agenesis was associated to aplasia of the left uterine
horn in one case, and the endometrial glands dysgenesis
was recorded with uterine infection representing a
prevalence of 0.6% for each one.

Cases description

Endometrial gland agenesis and uterine horn aplasia
The first uterine abnormality found in this study is
the endometrial gland agenesis associated to aplasia
of the left uterine horn. It was recorded in about
7-year-old nulliparous female camel weighing
approximately 400 kg. The studied female camel
was reformed after three consecutive repeat breeding
seasons. It comes from a transhumant herd composed
of 28 females and one male dromedary camel. The
slaughter period of the animal corresponded to the
breeding season. The general examination of the
animal showed that it had a body condition index (BCI)
rating of 3.5 out of 5. The uterine cervix was found in
pelvic position with size length and diameter of about
6 and 4 cm, respectively. The left uterine horn was
totally absent (Fig. 1). The right contralateral uterine
horn appeared to be normal with central lumen and
well-developed tortuous oviduct attached to it. It had a
firm consistency and positioned on the pubis floor. Its
length and width were 16.4 and 6.3 cm, respectively.
The left oviduct communicated directly to the uterine
body at the level of the uterine horns bifurcation (Fig. 1).
The left and right oviducts had an approximate length
and width of 19-20 cm and 3 mm, respectively. They
ended up in a well-developed bursa. Both the ovaries
had normal morphology and were symmetrical in size.
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Fig. 1. Gross morphological aspect of female camel genital tract with unilateral uterine aplasia.
(a) Lack of the left uterine horn and direct insertion of the left oviduct on the bifurcation of the
uterine horns (arrow). (b) Genital organs; colored lines — blue: the cervix, yellow: uterine body,
black: right uterine horn, red: oviducts, and green: ovaries. (¢) Left ovary with small follicular
structures (arrows). (d) Right ovary with atretic corpus luteum (arrow). (Scale bar: 1 cm).

The left ovary was rough with numerous small follicles
(= 14) sized less than 5 mm, whereas the right ovary had
atretic corpus luteum (Fig. 1). After being dissected, the
uterine body and the right uterine horn appear normal
without any particular mucous content. The samples
given by the studied female camels showed normal
histological stratification of the contralateral uterine
horn. However, the endometrial stroma was proliferated
and did not show any endometrial glands (Fig. 2). A
homogenous hyalinization of the myometrium was also
recorded (Fig. 2).

Endometrial gland dysgenesis and uterine infection
The second uterine abnormality was the uterine gland
dysgenesis associated to acute uterine infection. It was
recorded in 4's-year-old nulliparous female camel
weighing approximately 300 kg. The anamnesis
stated that the she-camel reached the pubertal age at
3 years old and showed normal pattern of signs but
reformed after two breeding seasons distinguished by
repeat breeding syndrome. The slaughter period of
the animal corresponded to the breeding season. The
general examination showed that the female camel had
a normal health conditions and BCI rating of 3 out of
5. The cervix and uterine horns had normal size and

[ w

pelvic position. The uterine lumen contained serous
exudate which was stained with blood. The uterus was
hyperemic and edematous (Fig. 3). Both the ovaries
had normal morphology and were symmetrical in size.
Each ovary was found with one corpus luteum and
without any follicular structures (Fig. 3). The uterine
section showed sever dysgenesis of the endometrial
glands, high infiltration by inflammatory cells, and
proliferation and activation of endometrial stroma
(Fig. 4). Focal vascular congestion was also observed
on the endometrium (Fig. 4). The myometrium showed
a focal infiltration by inflammatory cells (Fig. 4).

Discussion

We report, in this study, the first histopathological
case with total agenesis of endometrial glands in
female camels. A similar condition was communicated
in riverine buffalo, ewes, bitch, and mare (Chethan
et al., 2017; Dockweiler et al., 2017; Gray et al., 2002;
Witkowski et al., 2017). It has been determined that this
condition has genetic and/or hormonal backgrounds.
Chromosomal aberrations, gene mutation or epigenetic
strategies, both hormonal disturbances, and improper
distribution of hormone receptors can result in
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Fig. 2. Hematoxylin and eosin stained photographs of transversal sections of the remained
uterus in female camel with unilateral uterine aplasia, showing a histopathologic aspect of the
endometrium and the myometrium. (a) Endometrium with endometrial gland agenesis (arrows)
and myometrium with hyalinization lesions (arrowheads) (100%). (b) Hyalinization of the

myometrial layer (arrows) (400%).

Fig. 3. (a) Gross morphology of genital tract and (b) the lumen of uterine horn of female camel
with acute metritis. Both the (¢) left and (d) right ovaries had normal morphology with atretic
corpus luteum each one (arrows) (scale bar: 1 cm).

incomplete adenogenesis or total UGKO (Chethan
et al., 2017; Cooke et al., 2013; Emam, 2014; Gray
et al.,2001a; Osman ef al., 2018; Spencer et al., 2019).
The uterus unicornis had been described in different
farm animal species. This abnormality is also called
uterine agenesis or segmental aplasia of the uterus. In
the dromedary camel and other mammalian species,
the etiology of this pathology is unknown (Colago
et al., 2012; Gherissi et al., 2019; Oh et al., 2005).
A pleiotropic gene effect in cows has been observed

(Rendel, 1952). In this species, uterine agenesis is
associated with the White Heifer Disease syndrome
where the development defects of the Miillerian ducts
(mesonephrotic) were noted (Hanzen, 2015b). Common
associate feature, in this case, is often described as the
imperforate hymen, absence of anterior part of the
vagina, cervix or the uterine body, and developmental
anomalies of the oviducts (Rendel, 1952).

Literature analysis showed only one case of unicornuate
uterus reported by Tibary et al. (2001) in a clinical
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Fig. 4. Hematoxylin and eosin stained photographs of transversal sections of the uterine
horn. (a) The endometrium showed dysgenesis of the endometrial glands (arrowheads)
(40x). (b) Highly proliferated and activated stroma, and infiltration by inflammatory cells
of the endometrium (arrows) (100x). (¢) The myometrium showed focal infiltration by
inflammatory cells (star) (100x and 400x).

study conducted over 9 years looking for reproductive
disorders in the female camel (cited by Faye and Esenov,
2005). Moreover, some studies on a large number of
female camels in Egypt (El-Wishy, 1989; Shawky
et al., 2004), Nigeria (Ribadu et al., 1991), Algeria
(Benaissa et al., 2015; 2017), Ethiopia (Melaku et al.,
2015), Iraq (Wajid, 2015), and Saudi Arabia (Ali et al.,
2015) have not recorded cases of this abnormality. This
being so the frequency of the uterine horn aplasia in
camels is as low as in cows, small ruminants, and new
world camelids (Tibary and Anouassi, 1997). The rate
of this abnormality was estimated between 0.12% and

0.45% in cows (Bos taurus) and buffalo (Bos bubalis)
(Hatipoglu et al., 2002; Mimoune et al., 2016), 1.47%
in goat (Beena et al., 2015), 1.3% in South American
Camelids (Smith, 1985), and 0.05% in ewes (Smith
et al., 1995). In ovine species, the uterus unicornis
condition represents 1.8% of all developmental defects
of paramesonephric ducts (Smith et al., 1995).

Similarly to the finding, the association between
the uterine aplasia or aplastic segment of the uterus
and lacked or attenuated endometrial glands in
cats was reported by Mclntyre et al. (2010). Thus,
the endometrial components were not identified in
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histological evaluation of the abnormal horns and a
fibrous mesenchymal tissue with some smooth muscle
differentiation, and the blood vessels were present.
Nevertheless, we did not note the association of the
uterine agenesis with other congenital abnormalities of
the genital tract segments in the studied female camel.
This is not the case, particularly in the bovine species,
where uterine agenesis could be associated with aplasia
of other segments of the genital tract, namely, absence
of the lumen of corpus uteri, cervix cyst, distension of
the remained uterine horn, hydrosalpinx, narrow ductal
vaginal appearance, blind sac on the level of cervix, and
shorter corpus uteri (Hatipoglu ef al., 2002). Likewise,
associated lesions such as hydrometra of the remaining
uterine horn, ovarian agenesis, and abnormal position
of the contralateral ovary were reported in ovine species
(Smith et al., 1995).

We reported, in this study, the association of uterine
gland dysgenesis and uterine infection. Similar
degeneration of the glandular compartment of the
endometrium was reported in female camels with acute
endometritis (Benaissa et al., 2015). This would recall
the uterine mucus secretions from the endometrial
glands as chemical defense mechanism against
contaminant microorganisms (Dhaliwal et al., 2001).
Disruption of this mechanism allows opportunistic
pathogens to colonize the endometrium and cause
an endometritis particularly with wrong mating as
suggested by Ali (2010) in a nulliparous female camel.
The endometrial gland dysgenesis was also reported to
be correlated to the ovarian follicular dynamic that is
highly decreased during the nonbreeding season (Ali
et al., 2017; Gherissi et al., 2018b). The bibliographic
data lack information on the incidence of endometrial
adenogenesis and regeneration anomalies on the
reproduction flow of camels. The clinical behavior
of repeat breeding was recorded during the harvest
of commemoratives. Female camels were reformed
because of unexplained infertility, and their genital tract
abnormalities were passed unnoticed. The endometrial
gland anomalies would be causing the impediment of
gestation by alteration of uterine receptivity, blastocyst/
conceptus survival and implantation, and stromal cell
decidualization (Filant and Spencer, 2014; Gray et al.,
2001b). The uterine aplasia in some mammal species
as cat (Brookshire et al., 2017), cow (Moriyama et
al., 2008), and mare (Gallacher and Gilbert, 2018)
does not prevent pregnancy. In camelids, missing left
uterine horn could lead to infertility as long as nearly
all pregnancies occur in the left side (Ali et al., 2015;
Gherissi et al., 2017; 2019; Tibary and Anouassi,
1997). Both cases of the genital anomalies had normal
active ovaries. The anoestrus occurs if ovulation and
corpus luteum are observed in the ipsilateral side of the
missing horn (Hanzen, 2015b). Anyways, breeding of
animals presenting such genital congenital affection
is strongly discouraged because of the risk of genetic
transmission of the abnormality (Tibary ef al., 2001).

The congenital agenesis of the endometrial glands was
observed as arare genital anomaly associated to unilateral
uterine aplasia. The endometrial gland dysgenesis was
recorded in association to acute uterine infection. These
uterine anomalies would lead to definitive sterility.
We suggested that the histopathologic complementary
assessment can be a reliable technique since the clinical
history and standard genital examinations almost do
not orientate to assess these congenital abnormalities.
Hormonal and/or genetic examinations are highly
recommended to diagnose and eliminate such animals.
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