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ABSTRACT

This study was designed to obtain the normal imaging pictures of the gastrointestinal tract (GIT) including the
gastric compartments and small and large intestines in camel calves until the age of first 100 days of life. The GIT was
examined at day 1, day 20, day 40, day 80 and day 100 by ultrasound in 15 clinically healthy camel calves (from 1 day
until 100 days of age) and the normal imaging patterns were recorded and analysed. The results of ultrasonography
as well as the imaging of the gastric compartments and small and large intestines are summarised. Ultrasonography
could be used as a noninvasive diagnostic tool in order to detect GIT diseases in the camel calves.
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The wultrasonographic picture of the
gastrointestinal tract (GIT) including the gastric
compartments and small and large intestines has
been reported for adult dromedaries (Tharwat et al,
2012a). In diseased camels, on the other side, diagnostic
ultrasonography has been applied for the evaluation
and determining the prognosis of camels with
gastrointestinal disorders such as abdominal distension
(Tharwat et al, 2012b), paratuberculosis (Tharwat et al,
2012c), abdominal disorders (Tharwat and Al-Sobayil,
2016), gastrointestinal tumours (Tharwat et al, 2018)
and chronic peritonitis (Tharwat, 2019).

In cow calves, ultrasonography of the reticulum,
rumen, omasum and abomasum has been reported
(Braun et al, 2013; Braun and Gautschi, 2013). In
growing camel calves, however, the ultrasonographic
picture of the dramatically changed GIT during
the first 100 days of age has not been reported. The
purpose of this study was therefore designed to
periodically examine the GIT including the gastric
compartments and small and large intestines in
camel calves until the age of 100 days to gain detailed
information about normal ultrasonographic imaging
patterns of the GIT. It is believed that knowledge
of the ultrasonographic appearance of the normal
GIT in camel calves will provide a reference for
the interpretation of the GIT in camel calves with
suspected digestive abnormalities.

Materials and Methods

Animals and physical examination:

For obtaining the normal imaging patterns of
GIT, 15 clinically healthy camel calves were used
(from day 1 until 100 days of age). Calves were
kept in the Veterinary Teaching Hospital, Qassim
University, Saudi Arabia. Camel calves underwent
a thorough physical examination including general
behaviour and condition, auscultation of the
heart, lungs, stomach and intestine, detection of
heart and respiratory rates and rectal temperature
(Kohler-Rollefson et al, 2001). All camel calves were
considered clinically healthy based on physical and
laboratory evaluation (complete cell blood count and
chemistry panel), and they had full access to feed and
water before and after examination.

Ultrasonographic examination

Ultrasonographic examination of the GIT was
carried out in the camel calves at day 1, day 20, day
40, day 80 and day 100. Ultrasonography of the GIT
was carried out in camel calves as described for adult
camels (Tharwat et al, 2012b) in sternal recumbency.
Ultrasonographic examination was carried out using
a 3.5 to 5.0 MHz sector transducer (SSD-500, Aloka,
Tokyo, Japan). After the application of transmission
gel to the transducer, the animals were examined
beginning at the caudal abdomen and extending
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forward to the level of the sternal pad. The gastric
compartments, i.e. (first compartment (C1), second
compartment (C2) and third compartment (C3) and
small and large intestines were scanned and images
were stored.

Results

At day 1 of age, the contents of C1 were
anechoic and it was best seen in the left caudal
paralumbar fossa. In the later region, the large
caudodorsal sac was visualised close to the spleen
and left kidney. The wall of C1 was smooth and
echogenic. Reverberation artifacts running were seen
in the region of the dorsal gas cap. Because of its
gaseous nature, the contents of C1 could not be seen
at that time (Fig 1).

Motility of the C1 was seen as shifting,
retreating, and eventual replacement of portions of
the wall during gastric contraction cycles. Because of
the lack of penetration and large volume of the C1,
it was not possible to measure the size of the C1. At
day 20, C1 was imaged from left and right sides of
the abdomen and the contents of the C1 were seen
with disappearance of the reverberation artifacts. The
contents of the C1 were visible as hyperechoic echoes
interrupted with hypoechoic contents (Fig 2).

At day 40, the contents of the C1 were anechoic
with appearance of the longitudinal groove splitting
the C1 compartment into dorsal and ventral sacs
(Fig 3).

From day 40, the water sacs were visualised
in all camel calves and it appeared as series of
hyperechoic, semicircular protrusions, curving away
from the ventral body wall (Fig 4).

At imaging the C1 at day 80, it was found
occupying the entire left abdomen. Imaging of the
C2 was seen in only three of the calves at day 40 with
weak biphasic contractions. At day 80 and 100, the
C2 contractions were stronger and longer. The first
contraction was incomplete and was followed by an
interval of incomplete relaxation; this was followed
immediately by a second complete contraction where
the C2 could not be seen on the ultrasound monitor.
An interval of complete relaxation follows, in which
the C2 returned to its initial position. The wall of C2 is
thick and appeared as a half-moon-shaped structure
with an even contour (Fig 5).

The C3 was imaged in 3, 5 and 8 calves at day
1, 20 and 40, respectively. At day 80 and 100, it was
imaged in all calves through the 6 to 8t intercostal
spaces on the right side. It was visible as a tubular
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structure extending between these intercostal spaces
and coursing along the body wall approximately
parallel to the long axis of the camel. The contents
of the first part of C3 were moderately imaged. It
appeared largest in the 7t intercostal space and
decreased in size cranially and caudally from this
point. An active motility was visualised in the first
part of C3, but in a shorter duration than what has
noticed in the C2. The most important imaging
pattern of the first part of C3 was the fine mucosal
folds that appeared as a fine hyperechogenic folds
protruded from the mucosa (Fig 6). The folds of the
last part of C3 appeared coarse and elongated when
compared with that of the first part of C3 (Fig 7).

Small intestinal structures were best seen low
in the right paralumbar fossa. Its contents were
almost hypoechoic, heterogeneous and it contracted
every few seconds. Boluses of hypoechoic fluid
ingesta could be seen, but were rarely present
more than those few seconds before the intestine
contracted. Individual segments of intestine were
difficult to discern in areas of collapsed intestine
because of the lack of contrast between wall and
lumen; gas shadowing was not seen. Because of the
absence of the gallbladder in camels, it was very
difficult to identify and image the duodenum in any
of the examined cases. Therefore, the duodenum,
jejunum and ileum could not be differentiated from
one another ultrasonographically. Several loops of
small intestine were imaged adjacent to one another
from the lower right flank and lateral abdominal
wall and from the 9 to 11% intercostal spaces
(Fig 8).

The large intestine was usually easy to
differentiate from the small intestine based on its
marked gas content and relatively large diameter.
Because of the gas, only the wall of the large
intestine close to the transducer was imaged where
it appeared as a thick echogenic line. The wall of the
large intestine could not be imaged. The cecum was
imaged chiefly in the caudal right flank. The tip of the
cecum could also not be imaged because of its caudal
position. Owing to the presence of gas, the content of
the cecum could not be imaged in any of the camel
calves (Fig 9).

Segments of ascending colon could be seen
in the right paralumbar fossa. The spiral colon was
confined in all calves to the caudal ventral half of the
abdomen. It appeared as structures with thick echoic
lateral walls with a number of echogenic arched lines
next to each other (Fig 10).
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Fig 1. Ultrasonography of the C1, spleen and left kidney in a
1-day-old camel calf. Image was taken from the caudal
left paralumbar fossa. The contents of the C1 could not
be seen. Reverberation artifacts running parallel to the C1
wall were seen in the region of the dorsal gas cap (arrow).
C1, first gastric compartment; Ds, dorsal; Vt, ventral.

Fig 2. Ultrasonography of the C1 in a 20-day-old camel calf.
Image was taken from the lower left abdomen. The
contents of the C1 were visible as hyperechoic echoes
interrupted with hypoechoic contents. C1, first gastric
compartment; Ds, dorsal; Vt, ventral.

Discussion

To the best of the author’s knowledge, this is
the first report describing the imaging patterns of
the GIT of camel calves until the age of 100 days.
In cow calves, ultrasonography of the GIT has been
carried out in milk-fed calves from birth to 20 days
of age (Jung, 2002) and in 90-day-old hay-fed calves
(Gautschi, 2010). When the ultrasonographic findings
of the two studies were compared, great differences

Journal of Camel Practice and Research

SM X0. 7 GY9ON-ZZFZ. 6

Fig 3. Ultrasonography of the C1, spleen and left kidney in a
40-day-old camel calf. Image was taken from the caudal
left flank. The contents of the C1 were anechoic. The
longitudinal groove (**) were imaged as a mucosal fold
dividing the C1 into dorsal and ventral sacs. C1, first
gastric compartment; Ds, dorsal; Vt, ventral.
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Fig 4. Ultrasonography of the water sacs in a 100-day-old camel
calf. Image was taken from the left abdomen at the level
of the 10t intercostal space. Water sacs appeared as
series of hyperechoic, semicircular protrusions, curving
away from the ventral body wall (stars). C1, first gastric
compartment; Ds, dorsal; Vt, ventral.

were detected. The reason why such differences were
recorded is that the GIT change dramatically during
the first few months of life when milk is replaced
by hay, which leads to an increase in the size of the
rumen (Braun et al, 2013).

In this study, the size of the C1 was
considerably smaller during the first 40 days of
life. When examined at day 80, the C1 was imaged
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Fig 5. Ultrasonography of the C2 in a 40-day-old camel calf.
Image was taken from the ventral left abdomen at the
level of the 6th intercostal space. The C2 wall was thick
that appeared as a half-moon-shaped structure with an
even contour. C1, first gastric compartment; C2, second
gastric compartment, Ds, dorsal; Vt, ventral.
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Fig 6. Transverse section in the first part of C3 in an 80-day-
old camel calf. Image was taken at the level of the 7th
intercostal space on the right side. Note the hyperechoic
fine folds protruded from its mucosa. C3, third gastric
compartment; Ds, dorsal; Vt, ventral.

occupying the entire left abdomen. The C2
contractions were only noticed in 3 of the 15 calves
at day 40 (20%) and the contractions were weak
and short. At day 80 and 100, on the other hand, C2
contractions were recorded in all camel calves and
were stronger and longer. The nature of feeding hay
at this age may be the cause of these stronger and
longer contractions. Similar findings were reported
in cow calves (Jung, 2002; Gautschi, 2010; Braun et al,
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Fig 7. Ultrasonography of the last part of C3 in a 100-day-
old camel calf. Image was taken before feeding at the
level of the 8th intercostal space on the right side. The
folds appeared coarse, hyperechoic and elongated
and protruding from its mucosa. C3, third gastric
compartment; Ds, dorsal; Vt, ventral.

7.5M X1.0 GO9ON-22EE.

Fig 8. Transverse section showing several loops of jejunum (J)
adjacent to one another in an 80-day-old camel calf. Image
was taken from the lower paralumbar fossa at the level
of the 10th intercostal space on the right side. Ds, dorsal;
Vt, ventral.

2013). In a study of Braun et al (2013), the reticulum
was identified in only one of the newborn cow calves;
thereafter it was visible in all calves and had typical
biphasic contractions.

The C3 was imaged in 3, 5 and 8 calves at
day 1, 20 and 40, respectively. At day 80 and 100,
it was imaged in all camel calves through the 6th
to 8th intercostal spaces on the right side. In an
ultrasonographic study of 10 cow calves several
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Fig 9. Ultrasonography of the cecum in an 80-day-old camel calf.
Diameter of the cecum was large and its wall appeared
thick and hyperechoic and the contents appeared
anechoic. This image was captured at the caudal right
flank. Ds, dorsal; Vt, ventral.

days after birth, the omasum was seen in only one
14-day-old calf (Jung, 2002). In cow calves that were
an average of 20 days of age, the omasum was seen in
9 of 10, and by 90 days of age, the omasum could be
seen in all 10 calves (Gautschi, 2010). In this study, the
C3 appeared as a tubular structure and the contents
were moderately imaged with an active motility. The
most important imaging pattern of the C3 was the
mucosal folds that appeared as hyperechogenic folds
protruded from the mucosa. Jung (2002) was able
to see the omasal leaves in their entirety in the cow
calves, whereas Gautschi (2010) reported seeing only
the base of the omasal leaves. The mucosal folds of
the last part of C3 appeared in camel calves coarser
and more elongated when compared with that of the
first part of C3. In newborn cow calves, the abomasum
extended caudally as well as to the left and right side
of the abdomen with the volume of milk ingested
(Wittek et al, 2005). Immediately after ingestion of
milk, the contents of the C3 appeared echogenic in
this study. The milk rapidly forms large echoic milk
clot, which was broken down over the course of
several hours resulting in liquefaction of the abomasal
content (Miyazaki et al, 2009; Gautschi, 2010).

Ultrasonography of the GIT in camel calves
was helpful in differentiating between the small and
large intestine. The duodenum could not be imaged
in any of the examined camels. In cattle, presence
of the gallbladder facilitates the identification of the
duodenum; however because of the absence of the

Journal of Camel Practice and Research

l‘f"\b}(

-
-

>
-

Colon

Fig 10. Ultrasonography of the colon in a 100-day-old camel
calf. Image was taken in the right paralumbar fossa. Its
wall appeared thick and hyperechoic and the contents
appeared anechoic. Ds, dorsal; Vt, ventral.

gallbladder in camels, it was difficult to differentiate
the duodenum from the jejunum and ileum. The
jejunum and ileum were most often seen in the ventral
region of the right flank. This is in contrast to cattle
in which these were always seen in the 11th and 12th
intercostal spaces (Braun and Marmier, 1995). Because
of intraluminal gas, only the wall of the large intestine
closest to the transducer could be imaged as a thick
echoic line.

In conclusion, this study provides the normal
imaging pictures for the GIT in camel calves during
the first 100 days of life. Results of this study
demonstrated that the GIT in camel calves is easily
accessible to ultrasonography. The C1 is best seen
in the left flank; its contents are anechoic and its
wall is smooth and echogenic. The C2 has biphasic
contraptions; its wall is thick and appeared as a
half-moon-shaped structure with an even contour.
The C3 is visible as a tubular structure; its first
and last parts have fine and coarse mucosal folds,
respectively. Small intestinal structures are best seen
low in the right flank, its contents are hypoechoic,
heterogeneous and it contracted every few seconds.
The large intestine is easy to differentiate from the
small intestine based on its marked gas content and
relatively large diameter. Finally, ultrasonography
could be used as a noninvasive diagnostic tool in
order to detect GIT diseases in the camel calves.
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