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Abstract Goiter and other iodine deficiency disorders (IDD)
are a worldwide problem. IDD prevalence rate of 52.7% has
been reported among school children aged 9–12 years in
Dhofar region, (WHO 2006) which resides adjacent to the
Arabian Sea in the Sultanate of Oman. In a preliminary survey,
39.5 and 44.7% of the dromedary camels in the region exhib-
ited low total T3 and total T4, respectively. An abattoir survey
was carried out and the dromedary camels examined during the
anti-mortem were clinically normal. Post-mortem examination
of both thyroid lobes of slaughtered camel, revealed normal
weight but 69.5% of these showed nodules of various sizes,
numbers, shapes, colors and consistency in the capsular region
and or deeply embedded in thyroid tissue. A wide range of
histopathological changes were seen and categorized according
to the dominant histological pattern into Hurthle cell nodules,
papillary hyperplastic nodules, adenomatoid hyperplastic

nodules and nodular colloid goiter only. The Hurthle cell nod-
ules were either solid encapsulated cords or follicular variants
of well-encapsulated macrofollicles andmicrofollicles of differ-
ent sizes and shapes, and the Hurthle cells were seen lining the
colloid follicles or forming the solid cords. In the papillary
hyperplastic nodules, majority of cases lack capsule, the fronds
were multiple and variable, and usually do not compress the
surrounding parenchyma. Adenomatoid hyperplastic nodules
formed of encapsulated follicular nodules with various sizes
and shapes and containing little or no colloid. The nodular
colloid goiter along with the papillary hyperplastic nodules
had psammoma-like bodies without lamellation. No evidence
was found of capsular or vascular invasion apart from one case
which showed limited vascular and capsular invasion. The his-
topathology and immunohistochemistry using specific thyroid
tumor markers did not reveal malignancy in all suspected cases.
Total and free serum T3 and T4 and serum selenium were com-
paratively low, and CK enzyme was high in affected camels.
The causes of the subclinical nodular goiter, probably multifac-
torial, were discussed.
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Introduction

Goiter and iodine deficiency disorders (IDD) are a worldwide
problem and maps of areas showing such disorders have been
developed around the globe (WHO 2006). The distribution of
goiter and other IDD has been related to iodine content of the
environment where iodine decreases in areas with increased
distances from the sea (Saikat et al. 2004). Also, iodine
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deficiency is more common in sandy soils, water bleached,
mountainous and volcanic areas in the world (Karmarkar et al.
1974; Harijoko et al. 2002; Vargas-Uricoechea et al. 2016).

Iodine deficiency is not the only cause of goiter in humans
and animals; selenium deficiency in areas of marginally deficient
iodine is also implicated and drugs such as thiouracil and
sulphonamides are goitrogenic (Capen 1978). Also, more than
2000 plant species contain high levels of cyanogenic glycosides
and may have a potential goitrogenic effect, including families
Brassicaceae (e.g., turnips, rape, soybeans), Poaceae (e.g., sor-
ghums, Zea maize, pearl millet) and Euphorbiaceae (e.g., cassa-
va). These plants affect the animals when grazed for long time in
areas with marginally deficient iodine (Bourdoux et al. 1978;
Abdel Gadir and Adam 1999). On the other hand, there are areas
where the cause of goiter is not elucidated such as Derbyshire in
the UK; however, this may have been attributed to high carbon-
iferous lime stone (Saikat et al. 2004). Other causes of goiter
include thyroid tumors, thyroiditis, and inborn defects in thyroid
hormogenesis.

Previous studies indicated that goiter is a common finding in
the dromedary camel (Decker et al. 1979; Tageldin et al. 1985;
Abu Damir et al. 1990; Rejeb et al. 2012). To the best of our
knowledge, subclinical nodular goiter associated with Hurthle
cell, adenomatoid hyperplasia, and papillary hyperplastic nodules
has not been reported in the camel. The purpose of the present
study was to document and shed more light on the gross, histo-
pathological, histochemical and biochemical changes associated
with subclinical nodular goiter in dromedary camels raised in
mountainous and plain areas of calcareous soil close to the sea
where iodine is expected to be adequate in the environment.

Materials and methods

Animals

For the study of the thyroid pathology, a total of 97 apparently
healthy male and female dromedary camels from Dhofar re-
gion, Sultanate of Oman were used. Thirty-eight of these were
randomly selected from apparently healthy camel herds to

assess the thyroid hormone levels in the area. Thyroid and
blood samples were randomly collected from a total of 59
male and female dromedary camels, majority1–3 years of
age, brought to the Salalah, abattoir (Dhofar region) for
slaughter during the period May–August. All the camels were
apparently healthy, did not show thyroid enlargement and
passed for human consumption. Blood was taken from 19
apparently healthy male adult camels from UAE to obtain
baseline data for free T3 and free T4 for comparison.

The Dhofari camels graze on sparse desert steppe vegetation
for most of the year or on weeds, shrubs, trees, and green grass
that grow during the monsoon season from late June to early
September in the mountains along the coastal area (ANON
1992; El-Sheikh 2013). Fodders such as dry Rhodes grass, sor-
ghum, and lucerne, and dry crop residues such as wheat, barley,
sorghum, millet, maize and vegetable residues of Brassica spe-
cies are offered during the dry season in variable quantities (Al-
Mishakhi and Koll 2007; MOA 2008). The soil of the area is
highly calcareous and deficient in most micronutrients (ANON
1992).

Specimen collection

Blood samples were collected by venipuncture into plain
vacutainer tubes and allowed to clot and the serum was sepa-
rated by centrifugation at 3000 rpm and stored at − 80 °C until
analyzed.

Chemical methods

Total tri-iodothyronine (TT3) and total thyroxine (TT4) were
determined in serum by chemiluminescent assay using Cobas
e411 (Roche Diagnostic, Mannheim, Germany) and kits from
the same company. Free tri-iodothyronine (fT3) and free thy-
roxine (fT4) were determined in serum by radio-immunoassay
(RIA, Multiskan R Spectrum, Thermo Electron Corporation,
Finland) using standard kits (DRG International Inc., USA).
Activity of enzymes AST and CK was estimated by Reflovet
Plus (Roche, Germany) using kits manufactured by the com-
pany for in vitro diagnostic use (CHEK Reflotron, Roche,

Table 1 Comparison between
thyroids of normal versus affected
camels examined during anti-
mortem (AM) and post-mortem
(PM) examination. Thyroids
weight (mean ± SD) was mea-
sured in grams (g)

Parameter Normal thyroids Affected thyroids

No. thyroids 18 (30.5%) 41 (69.5%)

Thyroid wt (g) 20.6 ± 16.3a 21.4 ± 10.8a

AM enlarged thyroids No No

PM thyroid shape Pear-shaped, smooth surface Variable shapes, rough surface

PM thyroid color Brownish red Vary from pale to dark brown, mottled

PM thyroid nodules No nodules Solitary or multiple, variable in size,
location, and color

AM antimortem; PM postmortem
aP > 0.05 (not significant)
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Germany). Serum for Se determination was digested by nitric
acid and perchloric acid using microwave digestive system
(Milestone, MLS-1200 MEGA, Italy). Selenium was deter-
mined in the prepared specimen by inductively coupled
Argon plasma atomic emission spectrometer (ICP, Variant,
Australia). Serum Vitamin E was measured by high perfor-
mance liquid chromatography (HPLC, Waters, USA).

Histopathological methods

Both thyroid lobes were carefully dissected from the trachea of
59 dromedary camels checked and weighed. Representative
pieces from each thyroid lobe were promptly fixed in 10% neu-
tral buffered formalin, processed in paraffin and stained with
hematoxylin-eosin (H&E) andMasson’s trichrome stain for con-
nective tissue. Representative sections were fixed in coated slides
and stained for CK19, GAL3 (Novo Costra, USA), calcitonin,
CD56, and HBME1 (Cell Mark, USA) using Dako Autostainer
(Dako Universal Staining System, Denmark) as tumor tissue
markers. Positive and negative control slides were included in
the staining. The marker pattern and intensity were recorded.
Few slides were sent to the Department of Defense Armed
Forces Institute of Pathology, Washington DC 20306–6000 for
second opinion. These slides were stained for thyroglobulin, cal-
citonin and thyroid transcription factor-1 (TTF) using their stan-
dard AFIP protocol and incorporating external positive canine
and normal camel tissue controls.

Statistical analysis

All statistical analyses were performed by analysis of variance
(ANOVA) test using SPSS (Statistical Package for Social
Sciences, version 17: SPSS, Chicago, USA). T test was used to
determine significant differences between groups. Data were
expressed as mean ± SEM, and P < 0.05 was considered statis-
tically significant.

Results

All animals were apparently clinically normal, without any ab-
normality seen or palpated externally in thyroids andwere passed
for human consumption. Grossly, all thyroid glands were not
enlarged, with an average weight of 20.6 and 21.4 g in normal
camels and camels with subclinical nodular goiter, respectively
(Table 1). The affected thyroids (69.5%) were generally pear-
shaped but some were blunted, irregular or distorted (Fig. 1a).
The thyroids color ranged from pale to dark brown and mottled
compared to the normal ones (Fig. 1b). Mostly, those thyroids
had rough surface which may contain single or multiple small or
large nodules ranging in size from 3 to 15 mm in diameter. The
cut surface may also show deeply embedded nodules in the
thyroid tissue which may contain gelatinous, watery or

hemorrhagic material but the nodules did not seem to harbor
solid components (Fig. 1c). A honeycomb-like appearance was
noted in gross section of some thyroids.

Histopathological findings

30.5% (18/59) of the thyroids collected did not show patho-
logical changes. In these, the thyroid follicles contained col-
loid lined by cuboidal cells with normal nuclei resting on

Fig. 1 a Dromedary camel’s thyroid gland gross appearance. Several
thyroids depicting mottled surfaces with a number of variable-sized cysts
bulging from the thyroid tissue giving them an irregular shape. b
Dromedary camel’s thyroids, fish-like, smooth surfaces, tapered at both
ends. c Cross-section of right and left thyroid glands. They are not en-
larged. The right lobe is more elongated. Both showed multi-nodular
variable sized fluid filled cyst
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intact cellular membrane. The overall cases of subclinical nod-
ular goiter constituted 69.5% (41/59) of cases. They were
grouped according to the dominant histological pattern as
Hurthle (oncocytic) cell nodules, papillary hyperplastic nod-
ules, adenomatoid hyperplastic nodules and nodular colloid
goiter only. The main histopathological features of these
groups are summarized in (Table 2).

11.9% (7/59) of thyroids exhibited Hurthle (oncocytic) cell
nodules raised in the background of multinodular goiter. The
growth pattern of the Hurthle cell nodules were either solid
cords or follicular variants, and the latter were characterized
by well-encapsulated macrofollicles and microfollicles of dif-
ferent sizes and shapes. The solid cords were encapsulated by
a thick capsule. An irregular aggregate of microfollicles of
different sizes with scant colloid, marked hypercellularity hap-
hazardly located and separated by a thin fibrous capsule was
noted. The follicles with colloid were lined by a single layer of
cuboidal epithelium. Empty vacuoles were also found at the
basement membrane of the lining follicular epithelium

(Fig. 2a). Several encapsulated follicles devoid of colloid
had dense nuclei haphazardly distributed in the follicles.
Some of them showed clear nuclei with prominent nucleoli
(Fig. 2b). In some areas, nuclear pleomorphism characterized
by different sizes and shapes were evident. Five cases showed
clear ground-glass nuclei with bubbles. Free-floating island of
Hurthle cells of various sizes and shapes were entrapped with-
in the capsule but not connected to the main nodule. Few
follicles had scant colloid with vacuolated or coarse chromatin
(Fig. 2b). The capsule tends to be thicker and more irregular
dividing the follicles into compartments (Fig. 2c). Five cases
had in addition papillary hyperplasia. There was no evidence
of vascular and/or capsular invasion. The papillary hyperplas-
tic forms constituted the majority of cases 25.4% (15/59) and
arise in the background of nodular goiter. The fronds have an
overall papillary pattern and lacked evidence of capsular and
vascular invasion. They were multiple and variable in histo-
logical appearance, arrangement and usually did not compress
the surrounding parenchyma (Fig. 3a, b). Some cases

Fig. 2 a Encapsulated cluster of Hurthle cells (solid cord) vary in size
with dark nuclei and pale or clear cytoplasm. Capsule trapped several
follicles that lacked colloid (left portion and upper left corner) (H&E
×20). bHigh-power Hurthle cells, several follicles devoid of colloid were
encapsulated by a thick fibrous tissue. The nuclei were haphazardly dis-
tributed filling the capsule. Some follicles contained clear nuclei with
prominent nucleoli. H&E ×40. c Free-floating island of follicles of

various sizes and shapes trapped in a thick fibrous capsule. They were
not connected to the main nodule. Few follicles contained scant colloid.
H&E ×20. d Thyroid macrofollicles and microfollicles of variable sizes
and shapes, containing finely granular, eosinophilic cytoplasm. They
were surrounded by thick fibrous capsule. Some follicles contained scant
colloid. The nuclei were large, oval with prominent nucleoli. Masson’s
Trichrome stain ×20
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were encapsulated and showed comparable growth patterns
with the adjacent normal tissue. Others displayed marked pap-
illary in-folding with psammoma-like bodies (Fig. 3a).
Papillary projection into the follicular lumen was occasionally
present. No mitotic figures were seen.

Adenomatoid hyperplastic nodules had follicular pattern
arising in the background of nodular goiter. This group con-
stituted 13.6% (8/59) of cases. All this group comprised en-
capsulated follicular nodules varying in size and shape and
containing little or no colloid, and every nodule was fairly
uniform in histological pattern. Sometimes a group of follicles
were fused forming a central lumen which contained colloid
or were devoid of it (Fig. 4a). The follicular epithelial cells
were cuboidal to low columnar. The nuclear appearance was
divided into three categories; crowded overlapping nuclei
with dense chromatin pattern (Fig. 4b), clear ground-glass
nuclei, with margination of chromatin along nuclear mem-
brane (Orphan Annie eye nucleus) with few nuclear bubbles
(Fig. 4c), and nuclei showing focal pyknosis or charyolysis
(Fig. 4d) confined to a microscopically identified area and not
diffused throughout the nodule. It was remarkable that portion
of the cells lining the follicles as well as the cells in some
follicles did not show clear ground-glass nuclei (Fig. 4c).

One case contained macrofollicles and microfollicles, de-
void of colloid and with thickened interfollicular space. The
follicles were lined by a single layer of cuboidal epithelium.

This case demonstrated an unequivocal minimal focus of vas-
cular and capsular invasion (Fig. 4e). In three cases, simulta-
neously adenomatoid hyperplastic nodules and papillary hy-
perplasia were evident.

18.6% (11/59) of samples had nodular colloid goiter only.
All of them had psammoma-like bodies without lamellation
(Fig. 5). This brought the total number of psammoma-like
bodies to 37.3% (22/59) of the total cases. Brownish
intracytoplasmic inclusions ranging from granules to globules
were also noted in all psammoma-like cases (Fig. 6).

The thyroid tissues showing adenomatous hyperplasia
were negative for all the five immunohistochemistry stains
(CK19, GAL3, Calcitonin, CD56, and HBME1). The thyroid
tissues showing adenomatous hyperplasia and sent for second
opinion were negative for the three immune stains: calcitonin,
thyroglobulin, and TTF-1.

Biochemical findings

The total T3 and T4 of 38 camels randomly selected from the
region are presented in Table 3. 39.5 and 44.7% of serum
samples were below 2.2 and 120 nmol/l total T3 and total T4,
respectively.

The results of thyroid hormones analyses for slaughter
camels in Dhofar region and basal data taken from apparently
normal camels from UAE are presented in Table 4. The fT3
levels were low in camels slaughtered in Dhofar region; 42%
of values were below 1.8 pmol/L while in UAE camels, only
one case (5.2%) was reported to be below the threshold.
However, the difference was not significant (P > 0.05) in the
apparently normal and affected Dhofari camels. Also, the fT4
values were low in both groups of camels in Dhofar; 10.5%
were below 10 pmol/L while in the normal group in UAE, the
values were all above the threshold. The fT3 and fT4 values
were significantly lower (P < 0.05) in both normal and affected
camels raised in Dhofar region compared to those from UAE.
Also, the affected camels had significantly lower (P < 0.05) fT4
values compared to the apparently normal Dhofari camels. The
results of serum biochemical analysis are presented in Table 5:
Se was lower in camels showing subclinical goiter. 25% of all
specimens from both groups were between 10 and 64. CK and
AST activities were higher in the affected camels. Vitamin E
values were almost similar in both groups.

Discussion

This is the first report describing subclinical endemic nodular
goiter with Hurthle cell nodules in dromedary camels. These
camels were raised in the Dhofar region which borders the Arab
sea, in the Sultanate of Oman. All the thyroids of the surveyed
camels were within normal size and weight. However, 69.5%
of them showed pathological lesions including discoloration,

Fig. 3 a Non-encapsulated diffuse papillary hyperplastic nodule with
psammoma-like bodies. No compression to the adjacent tissue. H&E
×10. b Non-encapsulated papillary hyperplastic distinct nodule. The pa-
pillae showed marked infolding with vacuoles and scant colloid. H&E
×10
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distortion, and nodules of various sizes, colors, and numbers
located at the surface or embedded inside the tissue.
Histopathologically, different hyperplastic lesions were seen
and categorized into Hurthle, papillary, adenomatoid, and col-
loid nodules. In the colloid nodular goiter, the nodular follicles
were fully distended, partially filled with or totally devoid of

colloid, and mostly lined by cuboidal or tall columnar epitheli-
um. These lesions differ from the previous reports of Decker
et al. (1979), Tageldin et al. (1985), andAbuDamir et al. (1990)
where the thyroids of camels in this report were having normal
weight and less colloidal content. However, this is in agreement
with the finding of Doige andMclaughlin (1981), who reported

Fig. 4 a Several follicles ruptured and coalesced forming one large
pseudolumen containing colloid and separated from the adjacent tissue
by a fibrous capsule. The colloid rest on vacuoles of various size. Other
similar structures lacked colloid. H&E ×60. b Encapsulated adenomatoid
nodules with scant colloid, nuclear crowding and overlapping were
evident. The nuclei were large with dense coarse chromatin and distinct
nucleoli in some of them. H&E ×60. c Encapsulated follicles, one with
colloid. Follicles that lacked colloid had a clear ground-glass nuclei, few

had bubbles. H&E ×100. d Encapsulated adenomatoid hyperplastic nod-
ule, follicles varied in size and shape. Few follicles showed scant colloid.
Presence of degenerative necrotic changes with the loss of nuclei in some
follicles. Note the dark stained nuclei (pyknotic). H&E ×60. e
Encapsulated follicular-patterned nodule. All follicles were embedded
in a thick fibrous capsule and lacked colloid. Some follicles displayed
reduced luminal diameter. An unequivocal minimal vascular (arrow) and
capsular (asteroid) invasion were evident. H&E ×60
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a non-enlarged thyroid gland in a new born foal with hyper-
plastic goiter.

Hurthle cells, were frequently seen either lining the follicles
or dispersing in sheets or cords in the parenchyma along with
other follicular or parenchymatous cells. The presence of these

large cells with their abundant mitochondria may indicate cel-
lular stress (Wikipedia 2016), reflecting the harsh environment
where these animals live. Previous reports indicated the com-
mon occurrence of Hurthle cells in nodular goiter, toxic goiter,
Hashimoto, Graves’ and neoplastic diseases of human thyroids
(Kathleen and Zubair 2008; Wikipedia 2016), and animal thy-
roid adenoma (Capen 1978; Jubb et al. 1985).

The majority of the thyroid lesions were papillary hyper-
plastic nodules mostly non capsulated or encaged within a thin
fibrous capsule and with scanty or no colloid. The cells in
these lesions were cuboidal with normal nuclei. It is remark-
able that all psammoma-like bodies were without lamellation
and either in the papillary hyperplastic or nodular colloid goi-
ter and associated with intracytoplasmic inclusion bodies. The
psammoma-like bodies normally formed by focal areas of
infarction at the tips of papillae, with calcium deposition on
the dying cells with subsequent lamellation with repeated cy-
cles (Deepa and Krishnaraj 2014). Despite the fact that the
presence of psammoma-like bodies in the thyroid interstitial
tissues alerts to the high probability of papillary carcinoma
elsewhere in the gland (Kathleen and Zubair 2008), we could
not report such tumor in any of the cases. The adenomatoid
hyperplastic nodules differ from the papillary type where in
this category, the follicles attained adenoma-like shapes with
crowded polymorphic nuclei and entrapped within a thick
capsule. The presence of the degenerative changes within
the adenomatoid nodules was most likely an indication of
hyperplasia rather than true adenoma (Suster 2006), and the
optically clear nuclei might have been an expression of reac-
tive change in the follicular cells that had been entrapped by
fibrous tissue (Rosai et al. 2006).

In humans, the risk of nodules harboring papillary carcinoma
is proportional to the solid tissue component inside the cyst, and
generally the incidences vary between 4 and 5% in large nodule
with small solid components (Lee et al. 2009). In this report, the
pathology and immunohistochemistry profile do not fulfill the
criteria for malignancy. Thyroid immunohistochemistry tumor
markers such as CK 19, GAL 3, Calcitonin, CD56, HBME1,
thyroglobulin, thyroid transcription factor-1 (TTF) were nega-
tive for thyroid malignancies in all suspected cases. This is de-
spite the limited vascular and capsular invasion seen in one case
and the optically clear nucleus which has been claimed as an
important diagnostic feature of papillary carcinoma (Zubair and

Fig. 5 Several psammoma-like bodies (unlamellated) resting on the col-
loid of a nodular goiter. The follicles were lined with cuboidal epithelium.
The colloid varied in color from pinkish to pale. H&E ×40

Fig. 6 Thyroid nodular goiter. The follicles were lined by cuboidal
epithelial cells and filled with colloid. Brownish granules to globules
lining in the basement membrane close to the nucleus (intracytoplasmic
inclusions). H&E ×40

Table 3 Mean ± SEM,minimum–maximum values, estimated threshold, and% specimens below threshold of serum total T3 (TT3) and T4 (TT4) of 38
camels randomly selected from Dhofar region, Sultanate of Oman

Parameter Mean (38 camels) Minimum–maximum Thresholda % below threshold

TT3 (nmol/l) 2.58 ± 0.14 1.49–5.84 2.2 39.5%

TT4 (nmol/l) 128.57 ± 4.97 70.20–252 120 44.7%

a Threshold is an estimation considering the lowest value is just above the maximum value found in camels with clinical colloid goiter (T3 = 1.89 nmol/l
and T4 = 116 nmol/l; unpublished data from UAE)
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Virginia 2002). Generally, the thyroid tumors are infrequent in
domestic animals other than dogs, cats, and horses (Capen
1978), i.e., only ten cases of thyroid tumors among 370 tumors
were reported in cattle within 10 years (Vitovec 1976), and only
one case of follicular and papillary adenomas was reported in a
slaughtered camel (Tageldin et al. 2016).

The cause of goiter in the region is not well understood;
however, it could be multifactorial including low iodine content
combined with low selenium level, goitrogenes, and the highly
alkaline calcareous soil. The magnitude and duration of these
different causative agents along with individual variation may
have been the causes of the variety of lesions seen in the thyroids
of these camels. It is believed that iodine is borderline deficient in
the area and that the nodules eventually form as a sequence of
repetitive cycles of iodine depletion and repletion or decreased
requirement of thyroid hormones as an adaptational mechanism
(Jubb et al. 1985; Madeiros-Neto 2013). The total T3 and T4
values in the Dhofari camels were lower than levels reported
by Nazifi et al. (2009a, b), Saeb et al. (2010), and Tajik et al.

(2013). Again the fT3 and fT4 levels in serum of the camels
slaughtered inDhofarwere significantly lower than the basal data
collected from UAE, and fT3 and fT4 values reported for normal
camels (Nazifi et al. 2009a, b; Saeb et al. 2010; Rejeb et al.
2012). This is not surprising as the samples were collected from
an area where IDD prevalence is 52.7% among school children
aged 9–12 yearswith an overall country average of 49.8% school
children with urine samples low (< 100 μg/l) in iodine (WHO
2006).

Low selenium levels can play an important role in determin-
ing the severity of hypothyroidism associatedwith low I (Beckett
et al. 1987, 1993). Se, as selenocysteine is a prosthetic group of
the iodothyronine deiodinases iso-enzymes (1, 11, 111) which
convert T4, into T3 or rT3 (reverse triiodothyronine) in target cells
(Beckett et al. 1987; Drutel et al. 2013). The Dhofar area with its
sandy/rocky nature of soil is deficient in most micronutrients
including Se (ANON 1992). Indeed, the serum Se value of
camels in Dhofar was comparatively low compared to blood
Se value (100 ng/ml) considered proper for metabolic functions

Table 4 Comparative values
(mean ± SEM) of serum fT3 and
fT4 in normal camels (UAE),
normal camels, and affected
camels from Dhofar area in
Sultanate of Oma (S of O) along
with estimated threshold and
percent (%) below threshold

Parameter Normal (UAE)

19 cases

Normal

(S of O)

15 cases

Subclinical

(S of O)

34 cases

Threshold* % Below
threshold

(S of O)**

fT3 (pmol/L) 3.78 ± 0.18a

(1.52–5.2)

2.02 ± 0.14b

(1.54–3.2)

1.79 ± 0.05b

(0.75–2.24)

> 1.8 pmol/L 42%

fT4 (pmol/l) 20.40 ± 0.86a

(10.97–27.2)

15.67 ± 1.71b

(10.94–32.2)

11.33 ± 0.34c

(3.2–15.4)

> 10 pmol/L 10.4%

Values with different superscript were significantly different (P < 0.05)

*Thresholds are estimated values derived from unpublished data from clinical cases of goiter (unpublished data)
and from Nazifi et al. 2009a, b fT3 = 5.57 ± 0.08; fT4 38.57 ± 0.53; Saeb et al. 2010 fT3 = 2.11 ± 0.34;
fT4 = 18.37 ± 1.65; and Rejeb et al. 2012 fT3 = 4.12 ± 0.16; fT4 = 14.3 ± 1.65. All data from normal camels in
UAE were above threshold except one case which had low T3 (1.52)

**Percentage of samples below threshold were derived from all samples in (S of O) because reference ranges for
camels were not established

Table 5 Selenium and vitamin E
levels and activity of CK and
AST in serum of apparently
normal Omani camels and camels
showing subclinical goiter (mean
± SEM, minimum–maximum
along with estimated threshold
and % of cases below threshold)

Parameter Normal

15 cases

Subclinical

34 cases

All samples

49 cases

Threshold* % < or > than threshold**

Se (ng/ml) 197.2 ± 29.2a

(49–390)

140.4 ± 13.4a

(10–290)

155.5 ± 12.9

(10–390)

64 ng/ml 25% below threshold

Vit E (ng/ml) 1.30 ± 0.12a

(0.63–2.02)

1.42 ± 0.08a

(0.53–2.6)

1.39 ± 0.07

(0.53–2.6)

1.3 ng/ml % below threshold

CK (U/L) 96.8 ± 15.3a

(24.4–163)

273.2 ± 21.7b

(129–717)

224.7 ± 20.5

(24.4–717)

135 U/L 75% above threshold

AST (U/L) 85.7 ± 7.4a

(5–120)

151.3 ± 20.5a

(35.8–613)

137.5 ± 14.9

(5–613)

121 U/L 29% above threshold

Values with different superscript were significantly different (P < 0.05)

*Thresholds are estimated values derived from different sources: Se: (Faye and Seboussi, 2009: 100 ng/ml) Vit E
(Gattara lab, Al Ain); CK & AST: (Gattara lab, Al Ain, Bogin, 2000: CK= 88±37 IU/L; AST= 105± 17 IU/L;
Saeed et al, 2009: CK=52-135 IU/L; AST= 54-121 IU/L).

**% samples below or above normal values were derived from all samples (49 cases)
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in camels (Hamliri et al. 1990; Barri and Al-Sultan 2007), i.e.,
25% of cases were having serum Se below 64 ng/ml. The low Se
in the serum along with low iodine may be implicated in the
formation of the thyroid nodules in the affected camels. In
humans, multinodular goiter has been associated with low iodine
along with low plasma Se concentration (Samir and El-Awady
1998; Rasmussen et al. 2011; Drutel et al. 2013).

Although the Dhofar area is quite near to the sea coast and
expected to be adequate in iodine, subclinical goiter in camels
was very high. It is possible that the condition is accentuated by
the calcareous soil of the region, which is very alkaline and with
high levels of CaCO3, beside the low iodine and Se. In summer,
the camels depend on the water from deep wells and graze on
sparse bushes and shrubs growing in these soils beside the sup-
plemented fodders. It is possible that the water, bushes, and soils
consumed may have added to the existing situation. It worth
mentioning that endemic goiter has been reported in
Derbyshire, UK, a carboniferous lime stone region residing few
kilometers from the sea and with adequate iodine in soil, water,
and plants (Saikat et al. 2004).

Dietary goitrogenic substances interfere with iodine accumu-
lation in the thyroid and hormonal synthesis (Doige and
Mclaughlin 1981; Ong et al. 2014). The role of these substances
in this condition could not be ruled out, as in the dry season, the
camels are offered different sorghum fodders and vegetable res-
idues of Brassica species. These contain cyanogenetic glycosides
and different types of glycosylflavones which may be implicated
in the condition.

Goiter in the camels has been associated with elevated levels
of CK and ASTactivities in serum (Table 5). Previous reports in
humans had shown that more than 90% of hypothyroid patients
have evidence of elevated CK activity due to myopathy
(McKeran et al. 1975). Myopathy was also reported in dogs with
primary hypothyroidism (Braund et al. 1981). The effect is main-
ly due to severe lesions in type 11 muscle fibers leading to either
their complete loss or pronounced reduction in their diameter.
This effect may have a serious implication in camel racing which
is very popular in the Arabian Peninsula.

We concluded that subclinical goiter is prevalent in Dhafar
region and the cause is speculated to be multifactorial. Further
studies are deemed essential to elucidate the causes and both
iodine and Se may need to be supplemented. The camel is very
sensitive to iodine deficiency and has much similarity to human
goiter pathology and thus may serve as a model for iodine
studies.
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