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The umbilical cord acts as the critical lifeline of the developing fetus by providing

nutrients and oxygen to it. Umbilical cord abnormalities are considered the leading

cause of stillbirth in humans, but information on stillbirths associated with umbilical cord

abnormalities is very scant in the clinical practice of animals. Here, we described a case

of fetal demise in camels indicated to be caused by fetal death from strangulation by

its umbilical cord, which is commonly known as the nuchal cord. A pregnant camel

at its 36 weeks of gestation spontaneously aborted a single fetus. The camel was 5

years old and nullipara. A 6-day-old cloned embryo was transferred transcervically to the

recipient. Pregnancy was confirmed 50 days after embryo transfer by ultrasonography,

and the pregnant camel was maintained under a standard nutritional plan. The neck of

the aborted fetus was strangulated tightly by a double loop of the umbilical cord. There

was no congenital anomaly or other malformation in the fetus. We concluded that the

nuchal cord was tightly coiled around the neck of the fetus and interfered with the blood

flow in the fetus by collapsing the umbilical vein and subsequently causing fetal death

and abortion. To the authors’ knowledge, this is the first reported case of a nuchal cord

in camels.
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INTRODUCTION

Intrauterine life is maintained by the umbilical cord, which is the conduit between the developing
fetus and the placenta. The fetus receives oxygenated and nutrient-rich blood from the placenta
through umbilical veins, and umbilical arteries send back low oxygen and nutrient-depleted blood
to the placenta. Any kind of lesions to the umbilical cord originating from structural, mechanical,
hamartomatous, infectious, or other damage may lead to an indisputable cord failure which
eventually prejudices the life or wellbeing of the fetus (1).

A nuchal cord develops when the umbilical cord becomes wrapped around the fetal neck. The
prevalence of nuchal cord is very common in humans, and at parturition, it ranges between 6 and
36% (2, 3). It could have single or multiple loops and be loose or tightly wrapped. Shui and Eastman
(4) studied 1,007 human infants at delivery and reported that 20.6% of the infants had a single loop,
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FIGURE 1 | Photograph of the blastocyst transferred to the recipient. The

blastocyst was 6 days old and started to hatch through the zona pellocida.

The bar is 250 um.

2.5% had a double loop, and 0.2% had a triple loop. The impact of
nuchal cord on the wellbeing of infants depends on the number
and tightness of loops. A loosely wrapped or single-looped nuchal
cord usually has a freely sliding pattern and is not associated with
perinatal morbidity and mortality (2, 5), while a tightly wrapped
nuchal cord has an effect similar to strangulation (1).

The predisposing cause of the nuchal cord could be the
uterine, fetal, and/or umbilical cord biometrics, such as length
of the umbilical cord, volume of placental and amniotic fluid,
and fetal movement in the uterus (1). Sherer et al. (6) reported
that excessively long umbilical cords, polyhydramnios, and
excessive fetal movement may be the leading cause of the nuchal
cord. Nuchal cord in humans can be diagnosed by ultrasonic
examination, and necessary measures could be taken according
to the type of nuchal cord and length of gestation. In farm
animals, there is no report of nuchal cord of any type. This
report describes the abortion of a fetus derived by somatic cell
nuclear transfer due to strangulation caused by a double-looped
nuchal cord.

CASE PRESENTATION

A 36-week pregnant camel (chip number: 123654896571233,
Nullipara, body weight 450 kg) spontaneously aborted a single
fetus in a large-scale cloning facility. The camel received a
single 6 day old embryo produced by somatic cell nuclear
transfer using in vivo matured oocytes. A photograph of the
transferred embryo is presented in Figure 1. We have followed
our standard laboratory procedure for collection of tissue from
somatic cell donors, the establishment of fibroblast cell line, super

stimulation of oocyte donor, synchronization of oocyte donor
and recipient camels, embryo transfer, and pregnancy diagnosis
(7–9). Pregnancy was confirmed 50 days after embryo transfer by
ultrasonography (Figure 2). The camel was maintained under a
standard nutrition plan.

A fetal sac was observed on the ground in the morning. The
recipient had obvious signs of abortion. On autopsy, a full-grown
fetus was found. The neck of the fetus was strangulated tightly
by double loops of the umbilical cord (Figure 3). There was
no congenital anomaly or other malformation in the fetus. On
macroscopic examination of the umbilical cord, no lesion was
observed. As the recipient aborted at mid to late gestation, the
brucellosis test was performed in the mother’s blood and fetal
tissue which was negative. A microsatellite analysis of 13 specific
loci for Camelus dromedarius confirmed the reliability of cloned
calves from donor cells (data may be provided upon request).

DISCUSSION

Pregnancy loss is a common ailment that affects a large number
of camel pregnancies. However, there is no complete study on the
incidence and causes of abortion in Camelidae. Here, we describe
the first reported case of pregnancy loss in a camel by fetal death
from strangulation by its umbilical cord, which is commonly
known as nuchal cord. Although this is the first reported case of
fetal strangulation in camel, it is likely not unique. We assume
that this may be a fairly common event, although there is
little supportive evidence, and to our knowledge, no direct data
are reported.

The possible connotation between nuchal cord and stillbirth
is unclear. Hammad et al. (10) reported that 19% of all stillbirths
and 28% of stillbirths at or beyond 32 weeks were associated
with umbilical cord abnormalities in humans. Most studies are
in consensus that the nuchal cord is the most prevalent type
of umbilical cord abnormality; however, the detrimental effects
of nuchal cord on infants depend on its nature and extent,
such as the number and tightness of the loops. A single or
loosely wrapped nuchal cord is not associated with increased
adverse perinatal outcome (11, 12). A nuchal cord that is tightly
wrapped or has more than two loops may be associated with
increased risk of stillbirth or compromised neonatal status at
delivery (13).

The utilization of advanced reproductive biotechnologies in
camels has increased substantially in recent years. Our group
alone has produced hundreds of cloned pregnancies in the past
3 years (7–9), and the number of offspring produced from
embryo transfer increases every year. The increased value of
these pregnancies along with the accessibility of veterinary care
provides the potential for routine ultrasonographic examination.
In this report, we described an observation that may contribute
to veterinary obstetrics and increase the understanding of
late-term fetal loss. This report described one of several
potential causes for the high rate of fetal loss in camels
and described the first report of nuchal strangulation in the
species. This observation and similar case reports should increase
awareness and allow for a more detailed examination of
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FIGURE 2 | Ultrasonographic confirmation of pregnancy after transfer of cloned blastocyst. The ultrasonographic image shows a 56-day-old fetus (x) on the uterine

wall.

pregnancies, with the intended result being decrease in late-term
fetal loss.

In conclusion, although no nuchal strangulation reports are
known in veterinary medicine, reports on human are prevalent.
Ultrasonographic evaluation of pregnancy in camels at the later

period of gestation is particularly difficult. No non-surgical
methods exist at present to address the nuchal cord, and
induction of parturition may be the only recourse. The umbilical
cord may be affected by a number of abnormalities that may
originate during pregnancy, labor, or delivery. It is important
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FIGURE 3 | Aborted fetus at 36 weeks of gestation. Fetal death may occur because of the double-looped nuchal cord.

to investigate the underlying mechanisms of the development
of cord morphology and possible pathologies associated with
it, because this may provide important insights regarding fetal
growth in the intrauterine environment and its impact on
later life.
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