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Clinical, ultrasonographic, and pathologic findings in 70 camels
(Camelus dromedarius) with Johne’s disease

Mohamed Tharwat, Fahd Al-Sobayil, Ahmed Ali, Mahmoud Hashad, Sébastien Buczinski

Abstract — This study evaluated the use of ultrasonography for the diagnosis of Johne’s disease in camels (Camelus
dromedarius). Seventy camels with confirmed Johne’s disease were examined by ultrasonography and subsequent
necropsy; 15 healthy camels were included as controls. The most outstanding findings were visible enlargement
of the mesenteric lymph nodes in 52 (74%) camels. Lesions had either echogenic (26%; 7 = 18) or anechoic (69%;
n = 48) capsule and the contents were either anechoic (21%; 7 = 15), echogenic (27%; 7 = 19), or heterogeneous
(46%; n = 32). Clumps of echogenic tissue interspersed with fluid pockets were imaged between the intestinal
loops in 9 (13%) camels. There was mild, moderate, or severe thickening and corrugation of the intestinal wall,
excessive anechoic fluid in the abdominal cavity in 18 (26%) camels, increased hepatic brightness in 30 (43%)
camels, and pericardial and pleural effusions in 22 (31%) camels. Sensitivity values for detecting intestinal lesions
and enlarged mesenteric lymph nodes were 95% and 84%, respectively.

Résumé — Constatations cliniques, échographiques et pathologiques chez 70 chameaux (Camelus
dromedarius) atteints de la maladie de Johne. Cette étude a évalué 'usage de I'échographie pour le diagnostic
de la maladie de Johne chez les chameaux (Camelus dromedarius). Soixante-dix chameaux chez lesquels la maladie
de Johne avait été confirmée ont été examinés par échographie et nécropsie subséquente; 15 chameaux en santé
ont été inclus comme témoins. Les constatations les plus exceptionnelles étaient une augmentation visible de la
taille des ganglions lymphatiques mésentériques chez 52 (74 %) chameaux. Les lésions présentaient soit des capsules
échogenes (26 %; n = 18) ou anéchogenes (69 %; 7 = 48) et le contenu était soit anéchogeéne (21 %; » = 15),
échogene (27 %; n = 19) ou hétérogene (46 %; 7 = 32). Des grappes de tissu échogéne parsemées de poches de
liquide ont été imagées entre les boucles intestinales chez 9 (13 %) chameaux. Il y avait un épaississement ou une
corrugation d’un stade léger, modéré ou sévere de la paroi intestinale, une quantité excessive de liquide anéchogéne
dans la cavité abdominale chez 18 (26 %) chameaux, une luminosité hépatique accrue chez 30 (43 %) chameaux
et des effusions péricardiques et pleurales chez 22 (31 %) chameaux. Les valeurs de sensibilité pour détecter les
lésions intestinales et les ganglions lymphatiques mésentériques hypertrophiés éraient de 95 % et de 84 %,

respectivement.
(Traduit par Isabelle Valliéres)
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Introduction

J ohne’s disease or paratuberculosis is characterized by persis-
tent and progressive diarrhea, weight loss, debilitation, and
eventual death. The disease occurs worldwide and affects cattle,
sheep, goats, camels, farmed deer, and other domestic and wild
ruminants (1,2). In tropical areas with intensive camel farming,
paratuberculosis presents a serious economic problem due to
culling of animals, reduced milk production, and the costs of
laboratory testing and control measures (3). In Saudi Arabia,

camel’s milk, with or without pasteurization, is consumed heav-
ily by local humans. As the causative organism, Mycobacterium
avium subsp. paratuberculosis (MAP), may also be a cause of
Crohn’s disease in humans (4,5), milk from infected animals
may be hazardous to the health of consumers.

Although the organisms can be shed in milk, the fecal-oral
route is the primary mechanism for transmission of MAP and
this is reflected in disease control recommendations (6). These
are mainly based on removal of animals with clinical signs,
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identification of subclinical cases by testing, and feeding MAP-
free colostrum and milk to neonatal animals (7,8). Definitive
diagnosis of Johne’s disease is based on culture and identification
of MAP from feces or tissue. The organism is slow growing,
requiring 4 to 16 wk and special growth media. Other diagnostic
tests used to screen herds and make a diagnosis in individual
livestock species include agar gel immunodiffusion (AGID),
complement fixation, competitive enzyme-linked immuno-
sorbent assay (ELISA), histologic pattern of a granulomatous
reaction, Ziehl-Neelsen staining (acid-fast) of tissue and feces,
polymerase chain reaction (PCR), and DNA probes (3,9).

In dogs, transabdominal ultrasonography is a widely used
ancillary test for assessment of patients with chronic intestinal
inflammation. Despite its low sensitivity, it has reportedly
been used for testing chronic inflammatory bowel syndrome
in which severe intestinal thickening is observed (10). In addi-
tion, ultrasonography of the intestine in cats with inflammatory
bowel disease (IBD), showed several abnormalities (such as poor
intestinal wall layer definition, focal thickening), and large
mesenteric lymph nodes with hypoechoic changes appearing
to have the best association with histologic grade of IBD (11).

The present study was carried out to determine the clinical,
ultrasonographic, and pathologic findings in dromedary camels
with Johne’s disease as a step toward establishing a rapid, field
diagnostic tool for early detection and culling of diseased camels.
To the authors’ knowledge, this is the first study to document
ultrasonographic findings in camels (Camelus dromedarius) suf-
fering from Johne’s disease.

Materials and methods

Animals, history and physical examination

Camels referred to the Veterinary Teaching Hospital, Qassim
University, from various herds in the central region of Saudi
Arabia between 2007 and 2011 were used for the study. Of these
(n = 70) diseased female Arabian camels (Camelus dromedarius)
(mean age: 2.3 = 1.0 y), 17 were pregnant and 31 were lactat-
ing. The duration of illness ranged from 1 wk to 12 mo, and
the camels had been treated with various medications by field
veterinarians, including oral and systemic antibiotics, cortico-
steroids, and anthelmintics. Fifteen apparently healthy female
Arabian camels (mean age: 2.5 = 1.1 y) were included in the
study as controls. Both diseased and control camels underwent
a thorough physical examination (12), including general behav-
ior and condition, auscultation of the heart, lungs, rumen and
intestine, detection of heart and respiratory rates, and rectal
temperature. Based on a 1 to 5 scale, the body condition score
(BCS) of control and diseased camels was determined using a
previously described protocol (13). Inclusion criteria for diseased
camels included PCR-positive fecal samples for paratuberculosis.
Control camels were categorized as healthy based on PCR-
negative results for paratuberculosis and normal physical and
ultrasonographic examination.

Hematological and biochemical analyses

Two blood samples were collected from the jugular vein of each
control and diseased camel upon admission. One sample was
collected into EDTA-containing tubes for hematological tests.
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The other sample was collected in plain tubes to obtain serum
for biochemical parameters. Hematological examination (hema-
tocrit, hemoglobin, total leucocyte count) was carried out using
an automated veterinary analyzer (Vet Scan HM5; ABAXIS,
Budapest, Hungary). For serum samples, commercial kits (Human
Gesellschaft fur Biochemica und Diagnostica, Wiesbaden —
Germany) were used (14). The concentrations of total protein,
calcium, phosphorus, magnesium, glucose, total bilirubin, blood
urea nitrogen (BUN), and creatinine in serum were determined.
The activities of aspartate aminotransferase (AST) and y-glutamyl
transferase (GGT) were also tested in serum samples. An auto-
mated biochemical analyzer (Biosystems A15, Spain) was used
for measurement of all serum parameters. Rectal smears and fecal
samples were collected from all diseased camels and also from
control animals for Ziehl-Neelsen staining and PCR.

Ultrasonographic examination

Ultrasonographic examination was carried out on control and
diseased camels while the animals were recumbent, using 3.5 and
5.0 MHz sector and linear transducers (SSD-500; Aloka, Tokyo,
Japan). Animals were slightly sedated using xylazine (Bomazine
10%; Bomac Laboratories, Auckland, New Zealand), 0.3 mg/kg
body weight (BW), IV. The skin was shaved on both sides of the
abdomen and thorax. After the application of transmission gel
to the transducer, the animals were examined beginning at the
caudal abdomen and extending forward to the third intercostal
space on both sides of the thorax. Each intercostal space was
examined dorsoventrally, with the transducer held parallel to
the ribs. In the abdomen, the peritoneum, stomachs, spleen,
small and large intestines, liver, pancreas, and kidneys were
imaged. In the thoracic cavity, the lungs, heart and its major
blood vessels and the mediastinal region were scanned. During
ultrasonography of the abdomen, small intestinal wall thickness
was measured in each camel for 3 intestinal loops using ultra-
sound calipers, and the mean value was determined. Mesenteric
lymph node enlargement was measured in a similar pattern.
For detecting the sensitivity of transabdominal ultrasound in
the antemortem diagnosis of intestinal wall thickening and
corrugation and enlargement of mesenteric lymph nodes, the
diseased camels were euthanized and a thorough postmortem
examination was performed.

DNA extraction and polymerase chain reaction
To prepare genomic DNA templates from camel tissues and
feces, about 0.5 g of feces or lymph node tissue was homog-
enized in 5 mL normal saline and boiled in a water bath for
10 min. Samples were centrifuged at 200 X g for 30 s, and
0.5 mL of the supernatant from each sample was transferred
to new 15 mL conical tubes and mixed with an equal volume
of lysis buffer [2% Triton X-100, 1% sodium dodecyl sulfate,
100 mM NaCl, 10 mM Tris-HCI, (pH 8.0)]. After addition
of 10 pL of proteinase K (stock 10 mg/mL distilled water) to
each mixture, the tubes were incubated at 65°C for 1 h (15).
Genomic DNA was obtained using a phenol extraction method
developed in the laboratory (16).

Reaction tubes contained a total volume of 25 pL consisting
of ultrapure distilled water (DNAase, RNAase-free), 2.5 pL
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Table 1. Hematological and biochemical findings [median
(1st—3rd quartiles)] in camels with Johne's disease compared to
controls (*P < 0.05; PP < 0.01)

Finding at

admission Controls
Parameters (n=70) (n=15)
Hematocrit (%) 16 (14-18)° 34 (30.4-34.0)
Hemoglobin (g/L) 70 (60-68)* 110 (85-140)
Leukocyte count X103 (/L) 23.3 (29.3-39.8)" 8.6 (8.0-14.1)
Total protein (g/L) 49 (36-53)° 79 (75-82)
Albumin (g/L) 21 (17-24)° 43 (35-50)
Globulin (g/L) 28 (19-34)° 36 (24-47)
Aspartate aminotransferase (U/L) 251 (155-274)" 75 (35-114)
y-glutamyl transferase (U/L) 43 (29-70) 38 (19-60)
Total bilirubin (pmol/L) 8.6 (8.6-8.6) 10.3 (3.4-17.1)
Urea nitrogen (mmol/L) 12.5 (8.0-15.7) 7.9 (3.6-12.5)

Creatinine (mmol/L) 123.8 (132.6-141.4) 114.9 (61.9-141.4)

Calcium (mmol/L) 4(1.8-2.3) 2.8 (2.0-2.2)
Phosphorus (mmol/L) 1.6 (1.2-1.9) 2.0 (1.9-2.4)
Magnesium (mg/dL) 0.62 (0.37-0.86)*  0.99 (0.99-1.0)
Glucose (mg/dL) 1.9 (1.4-3.1)® 3.9 (3.6-4.2)

of 10X PCR buffer, 2.5 mM MgClZ, 0.25 mM deoxyribo-
nucleoside triphosphates, 0.25 mM primers, and 1.5 U of
1aq polymerase. Primer sequences for the MAP—specific genetic
element, IS900, were used in the reaction mixture as follows:
5'-CCGCTAATTGAGAGATGCGATTGG-3', forward primer,
and 5'-AATCAACTCCAGCAGCGCGGCCTCG-3’, backward
primer, to amplify a 229-bp gene sequence. Samples were run
according to this protocol: 1 cycle at 94°C for 10 min; 50 cycles
at 94°C for 59 s, 60°C for 30 s, and 72°C for 59 s; followed
by a final extension at 72°C for 10 min. The PCR product was
electrophoresed in 1% agarose in 1X tris-acetic acid-EDTA
(TAE) buffer with ethidium bromide (1 wg/mL) covered with
1X TAE buffer (16). The DNA bands were visualized on a
UV transilluminator (Foto/Phoresis, Fotodyne Incorporated,
Hartland, Wisconsin, USA) and the gel was photographed using
a digital camera (Canon, Japan).

Statistical analysis

Data are presented as medians with 1st (25%) and 3rd (75%)
quartiles and the analysis was conducted using SPSS program
(18). Hematological and biochemical data were compared
between diseased and control camels, using the Mann-Whitney
U-test. The level of significance was set at 2 < 0.05.

Results

Clinical and biochemical findings

Compared to a BCS of 3.5 = 0.6 in control camels, the BCS
in diseased camels were 2.4 * 0.5 in 25 (36%) camels and
1.4 = 0.4 in 45 (64%) camels. The most prominent clinical
signs in the diseased camels were chronic intermittent diar-
rhea in 67 (96%) camels, inappetance in all cases (100%), and
weak and irregular ruminal contractions in 53 (76%) camels.
Six camels (9%) had attacks of abdominal pain after admission.
Hematological and biochemical findings are summarized in
Table 1. Compared to controls, results from diseased camels
showed low packed cell volume in 65 camels (P < 0.01),
leukocytosis in 54 (P < 0.01), decreased hemoglobin in 37
(P < 0.05), hypoproteinemia with hypoalbuminemia and hypo-
globulinemia in 50 (2 < 0.01), hypoglycemia in 42 (P < 0.01),
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Table 2. Ultrasonographic findings in 70 camels with Johne'’s
disease

Findings (%) Number
Severe thickening and corrugation of the small intestinal 59 (84)
mucosa
Visible enlargement of the mesenteric lymph nodes 52 (74)
Enlarged lymph nodes with anechoic capsule 48 (69)
Enlarged lymph nodes with heterogeneous capsule 32 (406)
Increased hepatic brightness 30 (43)
Pericardial and pleural effusions 22 (31)
Enlarged lymph nodes with echogenic contents 19 (27)
Accumulation of anechoic fluid in the abdominal cavity 18 (26)
Enlarged lymph nodes with echogenic capsule 18 (26)
Enlarged lymph nodes with anechoic contents 15 (21)
Presence of clumps of echogenic tissue interspersed with 9 (13)
fluid pockets between the intestinal loops
Moderate thickening and corrugation of the small 8 (11)
intestinal mucosa
Mild thickening and corrugation of the small intestinal 3 (4)
mucosa

hypomagnesemia in 19 (P < 0.01), and increased serum activity
of AST in 34 camels (P < 0.01). The serum activity of GGT as
well as the concentrations of total bilirubin, BUN, creatinine,
phosphorus, and calcium did not differ significantly compared
with controls. Rectal smears stained with Ziehl-Neelsen method
showed acid-fast bacilli in all diseased camels and were negative
in all controls.

Ultrasonographic findings

Table 2 summarizes the ultrasonographic findings in the cam-
els with Johne’s disease. Compared with the intestinal wall
thickness in control camels that measured 3.6 £ 1.2 mm,
mild (6.8 = 1.9 mm), moderate (12.8 * 4.6 mm), and severe
(17.5 = 3.6 mm) thickening and corrugation of the small
intestinal wall was imaged in the camels with Johne’s disease
(Figure 1). The mesenteric lymph nodes were not detected on
ultrasonographs of the control camels. However, in the diseased
camels, the most outstanding sonographic finding was the
enlargement of mesenteric lymph nodes that was confirmed
at necropsy. Enlarged lymph nodes had either echogenic or
anechoic capsule, and anechoic, echogenic or heterogeneous
contents (Figure 2). Clumps of echogenic tissue interspersed
with fluid pockets were imaged between the intestinal loops
in 9 camels (Figure 3). Compared to healthy controls, hepatic
ultrasonographs showed an overall increased brightness in
30 camels (Figure 4). Pericardial and pleural effusions were
imaged as an anechoic fluid in 22 camels. No detectable scan-
ning abnormalities were observed while imaging stomachs,
spleen, pancreas, and kidneys.

Necropsy and polymerase chain reaction
findings

Only the diseased camels were subjected to euthanasia and
postmortem examination. Diffuse thickening and corrugation
of the small intestine was seen in 65 camels. In these cases,
the mucous membranes were increased in size, forming folds
(Figure 5). Ulceration of the large intestine with hemorrhages
was seen in 13 animals and a folded mucosa was observed in
22 camels. The mesenteric lymph nodes were highly swollen in
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Figure 1. Ultrasonographic appearance of the intestines in

a healthy camel (A) and in 3 diseased camels (B, C, D) with
Johne's disease. Excessive accumulation of anechoic fluid,
moderate to severe thickening and corrugation of the intestinal
mucosa are apparent in sick animals. Images were taken at
the right ventral abdomen using a 3.5 MH sector transducer.
IL — intestinal loops.

Figure 2. Ultrasonographic appearance of enlarged mesenteric
lymph nodes in 6 camels with Johne's disease. Enlarged lymph
nodes in A, B, C, D and F had a well-developed anechoic
capsule; the contents are echogenic in A and F, heterogeneous
in B and C and anechoic in D. In image E, the capsule is
echogenic and the content is heterogeneous. Images were taken
at the right (A, C, D) and left (B, E, F) ventral abdomen using a
3.5 MH sector transducer. LN — lymph node; LK — left kidney.

62 camels; 43 of them were hemorrhagic on cut section. The
hepatic lymph nodes were also enlarged in 6 camels. Other
postmortem findings included fatty infiltration of the liver in
33 camels, and pleural, pericardial, and peritoneal effusions in
24 camels (Figure 6). The DNA extracted from rectal samples
and lymph nodes of paratuberculosis-suspected cases, accord-
ing to ultrasonography and Ziehl-Neelsen staining, resulted in
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Figure 3. Ultrasonographic appearance of the abdomen in

4 camels with Johne's disease. In A, B, C and D, clumps of
echogenic tissue (F) interspersed with fluid pockets were imaged
between the intestinal loops. Images were taken at the right
ventral abdomen using a 3.5 MH sector transducer.

E S, 0M X1, 0 O8I~
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Figures 4. Ultrasonographs in 5 camels with Johne's disease.
Images were taken from the 11th intercostal space on the

right side. Compared to healthy animal (A), the liver appears
hyperechogenic on ultrasonographs (B, C, D, E, F). PV — portal
vein; HV — hepatic vein; CVC — caudal vena cava.

amplification of a 229-bp PCR product which is the expected

product of MAP-/5900. Samples obtained from controls, how-

ever, did not show a PCR product of the predicted size.
Discussion

Paratuberculosis is known to cause intestinal and hepatic lesions
in sheep, goats, cattle, and camels (19-21), but it remains a
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Figure 5. Postmortem findings in 6 camels with Johne's
disease. Intestinal mucous membrane showed thickening,
corrugation (A, B, C, D) and ulceration and hemorrhages
(D, E, F).

significant problem to the researcher, field diagnostician, and
animal producers (1,3). The lack of diagnostic tools that can be
directly used on farm is an impediment to control programs.
Transabdominal ultrasonography is a non-invasive diagnostic
tool that is increasingly being used in ruminant medicine and
surgery. It can also be used to assess the small and large intestine
in cattle (22,23). The present study was therefore designed to
determine the ultrasonographic findings in camels with Johne’s
disease as a step toward establishing a rapid field diagnostic tool
for detection and removal of infected animals.

In the present study, Johne’s disease was suspected in camels
that exhibited chronic loss of body condition and/or chronic
or intermittent diarrhea that did not respond to treatment.
Diarrhea may explain the reduced hematocrit value and
increased magnesium concentration. Hypoproteinemia, hypoal-
buminemia, and hypoglobulinemia could all be attributed to the
malabsorption diarrhea. Other factors such as reduced appetite
and emaciation as the disease progressed may have contributed
to changes in these serum parameters. Leukocytosis could be
explained by the chronic nature of the disease. Research efforts
have been concentrated on mechanisms of disease transmission,
factors influencing susceptibility, serologic identification of car-
rier animals, and other means of early diagnosis (3).

No data are available concerning ultrasonography as a diag-
nostic aid in the diagnosis of paratuberculosis in ruminants. In
this study, there was a significant difference in intestinal wall
thickness between normal and diseased camels and enlarged
mesenteric lymph nodes could only be imaged in clinically
affected camels. These data may be useful for clinicians in
the field. Ultrasound detection of intestinal corrugation in
camels with Johne’s disease was successful in 95% of the cases.
Similarly, ultrasound was effective in detecting enlarged mes-
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Figure 6. Postmortem findings in 3 camels with Johne's
disease. Images A and B show enlargement of the mesenteric
lymph nodes that on cut section were hemorrhagic in C or with
granulomas and abscesses in D. Image E shows enlargement
and granulomas of the hepatic lymph node. Additional necropsy
findings included peritoneal effusions (F).

enteric lymph nodes in 84% of the diseased camels. In the
16% of cases in which enlarged mesenteric lymph nodes could
not be imaged antemortem, this could be due to the enlarged
lymph nodes being beyond the depth of the ultrasound beam.
Ultrasonography was also useful in imaging clumps of echo-
genic tissue interspersed with fluid between the intestinal loops,
reflecting the chronicity of the disease.

A diagnostic PCR test based on specific DNA sequences in
the MAP genome allowed fast and accurate identification of this
slow-growing bacterium. The PCR results confirmed the pres-
ence of MAP in the animals suspected of having Johne’s disease
and, along with the observations at necropsy, allowed ultra-
sonographic findings to be related to Johne’s disease. The PCR
has been used to confirm positive culture results and to identify
MAP in feces, milk, and tissues (24,25). Although some authors
found sensitivities varying from 3% to 23% in comparison to
culture (26), others obtained a sensitivity of 94.1%, using the
freeze-boiling extraction methodology for DNA isolation (27).
Results obtained with PCR carried out in the present study
coincide with the high sensitivity and specificity of the test and
there were no problems related to inhibitory substances in the
fecal samples.

In conclusion, ultrasonographic examination of camels with
suspected Johne’s disease can be helpful in screening animals
waiting for confirmation by definitive tests (culture, ELISA,
or PCR). The procedure was especially valuable in determin-
ing macroscopic intestinal lesions as well as enlargement of
the mesenteric lymph nodes that reflected the severity of the
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inflammatory changes, which were confirmed at postmortem

examination.
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