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Abstract

Caseous lymphadenitis (CLA) or pseudotuberculosis is a chronic zoonotic bacterial dis-
ease caused by Corynebacterium pseudotuberculosis, which affects livestock and
humans. This study aimed to describe the pathology, bacteriology and confirm the identity
of the pathogen by 16S rRNA gene sequencing in Camelus dromedarius. A total of 12
camels with suspected CLA in three regions of Abu Dhabi Emirate (Abu Dhabi, Al Ain and
Al Dhafra), United Arab Emirate (UAE) were subjected to clinical and postmortem exami-
nations from January 2015 to December 2020. Clinically, camels were emaciated and
showed the presence of external caseous abscesses suggestive of CLA. Postmortem
examination showed multiple abscesses of variable sizes with caseous material encapsu-
lated by fibrous tissue in the liver, lungs, muscle, and lymph nodes. Following clinical and
postmortem examination, blood, pus and different tissue samples were collected for sub-
sequent analysis. Histopathological examination of all organs stained with Hematoxylin
and Eosin (H&E) indicated a central caseo-necrotic core that was admixed with bacterial
colonies and infiltration of chronic inflammatory cells, surrounded by a pyogenic mem-
brane, and an outer fibrous connective tissue capsule. Bacterial culture identified the iso-
lates of Corynebacterium pseudotuberculosis biotype ovis strain, and these isolates were
shown to be sensitive to all antibiotics tested (penicillin, ampicillin, Co-trimoxazole, enro-
floxacin and tetracycline). Moreover, the identity of the isolates was confirmed by partial
sequencing of the 16S rRNA gene which showed a 100% identity to Corynebacterium
pseudotuberculosis. Phylogenetic analysis based on 16S rRNA gene sequence clearly dif-
ferentiates Corynebacterium pseudotuberculosis from other species of Corynebacterium.
Briefly, this study provided the basic information for infection of Corynebacterium pseudo-
tuberculosis in Camels and will help in controlling of this pathogen in the region.
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Introduction

Caseous lymphadenitis (CLA) is a chronic, contagious and non-fatal bacterial infection of live-
stock. It mostly affects sheep and goats, cattle, horses, buffalo, camelids, deer [1-5], and
humans [6,7], thus, it is considered a zoonotic disease.

The disease is caused mainly by a Gram positive intracellular coccobacilli bacteria [8,9]
called Corynebacterium pseudotuberculosis previously known as Corynebacterium ovis. Cur-
rently, there are two biovars of Corynebacterium pseudotuberculosis based on the production
of nitrate reductase; the first one is a nitrate negative (biovar ovis) which infects mainly
sheep and goats and the second one is a nitrate positive (biovar equi) which infects horses
and cattle [1,4]. Camels are reported to be infected by both biovars especially in the co-herd
breeding system [10-12]. In addition to Corynebacterium pseudotuberculosis, other patho-
gens such as, Corynebacterium ulcerans, Streptococcus spp., Staphylococcus spp. and Coryne-
bacterium pyogenes were also reported to be involved in the development of CLA of camels
[2,3,10,13,14].

The CLA in small ruminants and camelids is characterized by the formation of abscesses in
one or more of the superficial lymph nodes and these may also extend to internal organs such
as the lung and liver [1,4,15,16].

The CLA in camels was also reported to induce proliferation and congestion of lymph
nodes without the development of abscesses [4,17]. However, moderate to severe abscessation
of joints, subcutaneous, tissue, muscles and lungs were also reported. This differs from the
findings in sheep where the abscessed were encapsulated with a thick capsule, containing
odourless, non-granular, noncalcified, and thin creamy yellowish-white pus [17]. The patho-
gnomonic onion ring appearance observed in sheep and goats were also detected in camels
[2]. In addition, three different types of pyogranulomatous lesions have been observed in cam-
elids, as a single abscess, a large central abscess with multiple small abscesses in the peripheral
connective tissue or multiple abscesses [4].

Histologically, suppuration, necrosis, hyperplastic lymphoid follicles, and sinus histiocyto-
sis of the affected lymph nodes were observed. The affected lung tissue showed suppurative
foci with central necrosis and areas of acute inflammatory infiltrate around bronchioles beside
congested vessels [18].

Diagnosis of caseous lymphadenitis is primarily based on a mixture of techniques including
clinical observations of various external lymph nodes having abscesses, postmortem examina-
tion and bacterial culturing for isolation and identification of the pathogen. Biochemical reac-
tions for the identification of the Corynebacterium pseudotuberculosis isolates vary in their
fermenting ability as all strains produce acid but no gas from many carbon sources including
glucose, fructose, maltose, mannose and, sucrose. Moreover, the bacterium was found to be
negative for oxidase and positive for catalase and, urease [19,20]. However, most often bio-
chemical confirmation is not conclusive due to the large phenotypic variability of Corynebacte-
rium pseudotuberculosis [21]. Thus, PCR assay and 16S rRNA gene [22-24] sequencing are
useful and reliable tools to confirm Corynebacterium pseudotuberculosis infection in animals
(8,25].

It is known that, CLA is present in Old World Camelids (Camelus dromedarius &
Camelus bactrianus) and New World Camelids (Llamas and alpacas) [26]. Moreover, the
disease is also reported in Middle Eastern countries such as Iran [27], Saudi Arabia [28],
Bahrain [29] and Jordan [17]. The aim of this study is to report and describe pathological
findings associated with CLA in dromedary camels in the United Arab Emirates (UAE)
and further to confirm the identity of the pathogen by using bacteriological and molecular
techniques.
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Materials and methods
Ethical approval

This research was approved by the research ethics committee Abu Dhabi Agriculture and
Food Safety Authority (ADAFSA) (approval number: ADAFSA-EA-05-2021), and the study
was done following the guidelines stated for animal use. A written consent (which was
included in the sample request form approved by the ADAFSA research ethics committee) for
the use of samples and animals was obtained from the camel’s owner before inclusion in the
study.

Clinical and necropsy sampling

A total of 12 adult male and female dromedary camels over five years of age from the three
regions of the Abu Dhabi Emirate ((5 = Abu Dhabi, AD), 3 = Al Ain, AA) and 4 = Al Dhafra
(Western Region, WR)) (S1 Fig) were examined by ADAFSA veterinarians and pathologists
during routine clinical and postmortem examinations with special attention to the skin for all
suspected animals of CLA disease. This study is based on cases examined between the periods
from January 2015 to August 2020.

A total of 8 samples of blood and pus from clinical cases (n = 8 camels) and 8 samples of
liver, lymph nodes, pus, muscle and lung at postmortem examination (n = 4 camels) were
aseptically collected for laboratory analysis. Tissue samples were immediately fixed in 10%
buffered formalin (Thermo Fisher Scientific, UK) according to [30] for histopathology while a
copy of all samples including tissue sections were transported on ice to the ADAFSA veteri-
nary laboratories for bacterial isolation and identification and further confirmation by 16S
rRNA gene sequencing.

Histopathological technique

Prescapular lymph node and liver tissues sections fixed in buffered formalin were processed in
an automatic tissue processor (ATP1-220, USA) and embedded in paraffin blocks and cut into
5 um thick sections. Sections were then stained with Haematoxylin and Eosin (H&E) (Thermo
Fisher Scientific, UK) according to previous methods [30], and the images were acquired with

Olympus digital microscope- U-APT (Olympus, Tokyo, Japan) to examine the histopatholog-

ical changes.

Bacterial isolation and identification

Samples transported on ice were cultured in readymade media: Blood agar, Nutrient agar as a
general media and MacConkey agar (MAC), Columbia Naladixic Acid Agar (CNA), Mannitol
salt agar (MSA) as a selective media (Pharmatrade, Dubai, UAE). According to previously
described methods, the bacterial culture was incubated aerobically for 24 and 48 hours at 37°C
[31]. The isolates were screened microscopically using Gram stain for the characteristic
arrangements in a “V” formation (forming “Chinese letters”) as single or in pairs. To confirm
a pure bacterial culture used for subsequent analysis, the plate was checked to contain only one
single type of colony (yellowish white, opaque, hemolytic, and convex colonies). A Gram stain
was prepared from the isolate and used to confirm the bacteria morphology, size and purity of
the growth. The isolates were also studied biochemically with API Coryne (BioMérieux, Marcy
I’Etoile, France) as per kit instruction, catalase test and nitrate reduction test and the isolates
were further confirmed by using VITEK-MS (MALDI-ToF) system (BioMérieux, Marcy
I’Etoile, France)
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Antimicrobial susceptibility testing

Antibiotic sensitivity testing (AST) using the disc diffusion method on Muller-Hinton Agar
(Pharmatrade, Dubai, UAE) was performed to examine the sensitivity reactions of the isolates
against Enrofloxacin (5 pg), Tetracycline (30 pg), Ampicillin (10 pg), Penicillin (10U) and
Cotrimoxazole (Trimethoprim + Sulfamethoxazole 1.25/23.75 pg) (MAST Group Ltd, UK).
Staphylococcus aureus ATCC 25923 was used as a positive control according to the Clinical
and Laboratory Standards Institute [32]. The susceptibility of the isolates was determined
according to the size of the inhibition zone.

16S rRNA gene sequencing

DNA extraction and amplification. DNA extraction was done from a pure culture of the
isolate using the EZ1 DNA Tissue kit (Qiagen, Hilden, Germany) as per the kit instructions.
Briefly, 4-6 colonies were harvested and lysed in 300 pL of buffer G2 at 56°C for 15 min.
About 200 pL of the lysate was transferred to the Advanced EZ1 instrument and the DNA was
eluted at 50 uL. DNA quality was measured on a Nanodrop 2000 spectrophotometer (Thermo
Scientific, USA). PCR was performed with AmpliTag Gold 360 (Applied Biosystems, USA) to
amplify part of the bacterial 16S rRNA gene (~ 700-900 bp) using the universal primer sets
27F (5'-AGAGTTTGATCCTGGCTCAG-3") and 907R (5'-CCCCGTCAATTCATTTGAGTTT-3")
[33,34]. The master mix composed of 9.5 puL nuclease-free water,12.5 uL of AmpliTaq Gold
Master Mix,1 pL of each forward and reverse primers (10pmol/pL). The template was added at
volume of 1 pL to complete the total volume of the PCR mix to 25 uL. The PCR thermal profile
was set to 95°C for 10 min for initial denaturation and activation of the polymerase followed
by 40 cycles of 94°C for 30 s, 54°C for 30 s, and 72°C for 1 min. The final extension was done
at 72°C for 7 min. The amplicons were visualized on a 1.5% agarose gel.

Sanger sequencing. The PCR products were purified with a QIAquick PCR Purification
Kit (Qiagen, Hilden, Germany) as instructed. Bidirectional Sanger sequencing of the purified
amplicons was performed with BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosys-
tems) following the manufacturer’s guidelines for 20 pl reactions (5 ul of DNA, 8 ul of BigDye
Terminator V3.1, 6 uL of water and 1 pL of primer) with an initial denaturation step at 96°C
for 1 min, followed by 25 cycles of denaturation at 96°C for 10 s, annealing at 50°C for 5 s and
extension at 60°C for 4 min. The reaction mixtures were purified with DyeEx 2.0 Spin Kit
(Qiagen, Hilden, Germany). Sequencing was done on a SeqStudio Genetic Analyzer (Applied
Biosystems), equipped with a cartridge containing a 28 cm column (Applied Biosystems),
using the ‘LongSeq’ run module.

Assembly and mapping to the reference genome. The sequence trimming and assembly
was performed with CLC Genomic Workbench v.20 (Qiagen, Aarhus, Denmark), and the
consensus sequence (~700-900 bp) was subjected to a BLAST search of the NCBI RefSeq
genome database (http://www.ncbi.nlm.nih.gov). Visualization of the reads mapped against
the closest matching genome Corynebacterium pseudotuberculosis (GenBank accession num-
ber: NZ_CP054555.1) was performed using Unipro UGENE [35].

Sequence alignment and phylogenetic tree construction. For comparative sequence
analysis of the 16S rRNA gene, 45 sequences of Corynebacterium pseudotuberculosis, Coryne-
bacterium renale, Corynebacterium diphtheriae and Corynebacterium ulcerans were used.
These sequences were found in previously published papers [36,37] or in nucleotide sequence
databases. Multiple alignment of the sequences was carried out using Muscle implemented in
MEGAX software [38]. The tree was built with Maximum Likelihood method and Kimura
2-parameter model [39] with 1000 Bootstrap confidence using MEGAX software [38]
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Results
Clinical history

Clinically, camels showed enlargement of the inferior cervical (cervicales laterals) and prefe-
moral lymph nodes (iliaci externi). In addition, chronic weight loss, reduced appetite, emacia-
tion, no response to antibiotics treatment, recumbence and death were also observed. From
the 12 camels examined, four camel carcasses (2 from Abu Dhabi (AD), and two from Al Ain
(AA)) were necropsied and revealed emaciation and presence of multiple external and internal
abscesses, particularly in the lungs and the liver.

Post-mortem examination results

Gross lesions observed at postmortem examinations showed severe emaciation and absence of
internal body fat. The inferior cervical (cervicales laterals) lymph nodes were enlarged with
multiple tubercles of variable size having caseous material; abscesses were also seen in subcuta-
neous tissues in the lateral and medial aspects of the proximal part of the hindquarters and
biceps femoris muscles. Multiple large similar caseous abscesses were also found in internal
organs, particularly in the lung and liver. The abscesses were encapsulated by a relatively thick
layer of necrotic and fibrous tissues. They contained odorless, non-granular and non-calcified
thin creamy yellowish to white pus (Fig 1).

Histopathological findings

Microscopic lesions of the pyogranulomatous Corynebacterium pseudotuberculosis abscesses
are composed of a central necrotic core of pus. Infiltration of chronic inflammatory cells
(lymphocytes, plasma cells and macrophages) surrounded by a pyogenic membrane, and
outer zone of fibrous connective tissue capsule is shown in liver and lymph node sections

(Fig 2).

Fig 1. Gross lesions of CLA in dromedary camel. (A) superficial abscesses on the right prefemoral lymph nodes
(iliaci externi) (arrow). (B) Incised right inferior cervical lymph node (cervicales laterals) showing multiple caseated
caseous pyogranulomas containing yellowish-cheesy martials. (C) Liver showing multifocal-diffused pyogranulomas
contained yellowish- cheesy pus. (D) Thoracic cavity showed multiple open large abscesses in the lung with adhesion
to the chest wall (arrow).

https://doi.org/10.1371/journal.pone.0252893.9001
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Fig 2. Histologic section of liver and lymph node of dromedary camel infected with CLA. (A) Liver section
showing central caseous necrotic core admixed bacterial colonies and infiltration of polymorphonuclear cells,
lymphocytes, plasma cells and macrophages (3), surrounded by pyogenic membrane (2), and fibrous capsule (1), H&E
stain, 20x. (B) Lymph node section showing central caseous necrotic abscess (3), surrounded by inflammatory cells (2)
and bound by a thick fibrous capsule (1), H&E stain 20 x.

https://doi.org/10.1371/journal.pone.0252893.g002

Bacterial culture results

Corynebacterium.pseudotuberculosis was isolated from all samples collected (n = 12). Pure
yellowish-white, opaque, o- hemolytic and convex colonies were seen on Blood agar and
Columbia Naladixic Acid Agar (CNA). Small Gram positive cocco-bacilli arranged in Chinese
letters were seen under the microscope using Gram stain. Isolates were confirmed as Coryne-
bacterium pseudotuberculosis with VITEK-MS (MALDI-ToF) (BioMérieux) with a confidence
level of 99.9% (S2 Fig). All isolates tested with API bionumber profile (0111324 & 0101324)
were catalase-positive and nitrate negative. Nitrate reduction yielded a negative result for all
the isolates, which concluded that the isolates were type I strain (biovar ovis).

Antimicrobial susceptibility results

Antibiotic sensitivity testing showed that all the isolates were sensitive to Enrofloxacin (5 pg),
Tetracycline (30 pg), Ampicillin (10 pg), Penicillin (10U) and Co-trimoxazole (Trimethoprim
+ Sulfamethoxazole 1.25/23.75 pg) at the indicated concentrations.

Molecular results

The 16S rRNA gene sequence analysis. The gel image of the partial amplification of the
16S rRNA gene was shown in (Fig 3 and S1 Raw images). Blast search of the 12 16S rRNA gene
sequence (~700-900 bp) obtained from the isolates, revealed a 100% identity to Corynebacte-
rium pseudotuberculosis sequence available in the NCBI database. The top three close
sequences to our isolates retrieved from Blast analysis were shown in Table 1. Mapping of the
isolates reads to the reference sequence of Corynebacterium pseudotuberculosis (Accession
number: NZ_CP054555.1) indicated a 100% % similarity to the reference genome. Informa-
tion on the length of the 16S rRNA gene sequences per isolate along with the regions covered
in the reference genome was shown in Table 1. We have further shown a mapping chromato-
gram for four representatives isolates (1, 7, 9 and 12) in (Fig 4). These Corynebacterium
pseudotuberculosis isolates were given strain names (CRY1-CRY12) and their 16S rRNA gene
partial nucleotide sequences were deposited in the GenBank under the accession numbers
shown in (Table 2).

Phylogenetic analysis of Corynebacterium pseudotuberculosis. Thirty-three sequences of
16S rRNA gene obtained from other publications (described in methodology) or GenBank
along with 12 partial sequences obtained from Corynebacterium pseudotuberculosis isolates in
this study (in total 45 sequences) were used in the phylogenetic analysis (GenBank accession
numbers of the sequences used were included in the tree). Phylogenetic analysis of the 16S
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Fig 3. Gel image of PCR amplified 16S rRNA gene (partial, ~ 900 bp) for the 12 samples shown in Table 1.
https://doi.org/10.1371/journal.pone.0252893.9003

rRNA gene can easily separate Corynebacterium pseudotuberculosis from other Corynebacte-
rium spp., with less power to differentiate biovar ovis from biovar equi (Fig 5), consistent with
previous studies [36,37]. Corynebacterium ulcerans was found to be the closest species to the
Corynebacterium pseudotuberculosis as observed earlier [36,37].

Discussion

The present study describes the pathological, bacteriological and molecular analysis of a case-
ous lymphadenitis (CLA) in dromedary camels in three regions of Emirate of Abu Dhabi,
UAE (Abu Dhabi (AD), Al Ain (AA) and Al Dhafra (Western Region, (WR)). The affected
camels were either in the farm or brought to the ADAFSA veterinary laboratory for a routine
postmortem examination.

The external form seen is the most frequent type of CLA in small ruminants, which is char-
acterized by abscess formation in superficial lymph nodes and subcutaneous tissues [40]. Simi-
lar findings of external CLA in camels were also reported and this form was found to be more
prevalent than the visceral form [16]. However, in our study, both external and internal lesions
of CLA were observed which could be explained by the method of transmission of the disease,
as CLA infection spread via ingestion, inhalation or through wounds [17].

Table 1. The top three close sequences of the Corynebacterium pseudotuberculosis to our isolates, retrieved from BLAST analysis.

S/N Strain GenBank

1 AHDP:2020 MT649220.1
2 PA09 CP054555.1
3 WM M 5 LC549531.1

NA = not available.

https://doi.org/10.1371/journal.pone.0252893.t001

Host Isolation source Country Collection date
Camelus dromedarius Abscess India 2020
NA Caseous material Brazil:Para 2018
Capra aegagrus hircus NA Malaysia 2013
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Fig 4. Sequence mapping. Images of mapping of sequence reads for 4 representative samples (sample 1, 7, 9 and 12) to
the reference genome of Corynebacterium pseudotuberculosis (Accession number: NZ_CP054555.1). The sequence
reads mapped to reference genome between positions 619301-620091 (791 bp), 619232-620012 (781 bp), 619233
620023 (791 bp) and 619293-620093 (801 bp) for A (sample 1), B (sample 7), C (sample 9) and D (sample 12)
respectively.

https://doi.org/10.1371/journal.pone.0252893.9004

In sheep, the lymph nodes with characteristics pathognomonic lesions (onion ring shape)
of Corynebacterium pseudotuberculosis infection is common [41] and similar result have also
been reported in camels liver [2].

The lesions of necropsied dromedary camels observed in the liver, lungs, and lymph nodes
were found to be of different sizes: miliary tubercles in the liver, a large a central abscesses of
creamy white cores with multiple small abscesses in the peripheral connective tissue capsule in
the lungs and the lymph nodes with creamy white cores. Such postmortem changes due to
Corynebacterium pseudotuberculosis infection were also reported in dromedary camels in Jor-
dan [17]. However, various sized abscesses of Corynebacterium pseudotuberculosis randomly
scattered in the liver lobes characterized by thick, whitish, caseous, and lamellar material were
the only lesions reported in one slaughtered camel in Iran [42].

Histopathological examination of tissue sections obtained from visceral organs (lymph
nodes and liver) revealed extensive abscess formation (central layers of caseous necrosis and

Table 2. GenBank accession numbers for the 16S rRNA gene partial sequence of Corynebacterium pseudotuberculosis isolated from dromedary camels in UAE
(2015-2020) along with the length of each isolate sequence and the span on the reference genome Corynebacterium pseudotuberculosis (Accession number:
NZ_CP054555.1) during mapping.

S/N GenBank submission Strain Accession number Length(bp) Span

1 SUB8562986 CRY1 MW276079 791 619301-620091
2 SUB8562986 CRY2 MW276080 746 619247-619993
3 SUB8562986 CRY3 MW276081 750 619234-609983
4 SUB8562986 CRY4 MW276082 758 619287-620044
5 SUB8562986 CRY5 MW276083 784 619232-620015
6 SUB8562986 CRY6 MW276084 805 619236-620040
7 SUB8562986 CRY7 MW276085 781 619232-620012
8 SUB8562986 CRYS8 MW276086 778 619237-620014
9 SUB8562986 CRY9 MW276087 791 619233-620023
10 SUB8562986 CRY10 MW276088 770 619267-620035
11 SUB8562986 CRY11 MW276089 746 619244-609988
12 SUB8562986 CRY12 MW2760790 801 619293-620093

The chromatogram mapping of the isolates in bold (S/N 1, 7, 9 and 12) was shown in (Fig 4).

https://doi.org/10.1371/journal.pone.0252893.t1002
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CP013146.1|Biotype_ovis_Sheep_strain_N1_Equatorial_Guinea
CP013698.1|Biotype_ovis_Goat_strain_P0222/4-1_Portugal
CP016826.1/Ovis_strain_MEX29_Mexico
CP017384.1|Bos_taurus_strain_I37_Israel
CP017711.1|Capra_hircus_strain_MEX1_Mexico
CP024995.1|Goat_strain_KMO1_China
CP035642.1|Capra_strain_OVICCA32_Brazil_2020
CP036535.1|Goat_strain_E7_Brzail
CP039633.1/Sheep_strain_OVIFL_Brazil
CP046644.1/Goat_strain_MEX2_Mexico
CP046934.1|Ovine_strain_206_Brazil
CP046955.1|Capra_hircus_strain_SigM_Brazil
CP047603.1/Sheep_strain_PAT14_South_America
MF772505.1|Biotype_ovis_strain_DJ-3_China
MT649220.1|Biotype ovis Goat strain AHDP:2020 China
KF564646.1_Corynebacterium_ulcerans_strain_MIT07-3331
X84256.1|Corynebacterium_ulcerans_strain NCTC_7910

MW276084|Biovar _Ovis_Camel_strain_CRY6_UAE

Corynebacterium pseudotuberculosis

GQ118344.1|Corynebacterium_diphtheriae_strain_ATCC_700971_USA
X84248.1|Corynebacterium_diphtheriae_strain_NCTC_11397
X82059.1|Corynebacterium_diphtheriae

100% | X84249-1 Corynebacterium_renale_strain_CIP_103421

X81909.1/Corynebacterium_renale_CIP_103421T
| I D37803.1|Corynebacterium renale strain:HRS6
88%! D37804.1|Corynebacterium renale strain:HR57

0.004

Fig 5. Phylogenetic tree by Maximum Likelihood method. The tree based on the sequence of 16S rRNA gene was constructed by MEGAX software [38]
using Maximum Likelihood method based on the Kimura 2-parameter model [39]. We used a Boostrap value of 1000 repetition, Corynebacterium
pseudotuberculosis isolates (Black Square bordered) were included in this study as well as GenBank reference samples of the subspecies ovis and equi, a
reference sequence of the Corynebacterium ulcerans (Blue), Corynebacterium renale (Red) and Corynebacterium diphtheria (Pink).

https://doi.org/10.1371/journal.pone.0252893.9005

calcification surrounded by a fibrinous wall), due to Corynebacterium pseudotuberculosis infec-
tion in dromedary camels [42] as well as in small ruminants [41]. Similar microscopic findings
are also found in lymph node and liver sections stained with H&E in the present study.

In the present study, Corynebacterium pseudotuberculosis isolated from all external and
internal visceral organs is associated with caseous necrosis in these organs. These results are in
line with previous reports in camels and in small ruminants [28]. However, in one study,
although Corynebacterium pseudotuberculosis was isolated from superficial and internal vis-
ceral lymph nodes, there was no detectable caseous necrosis or lamination found [17].

Bacterial culture successfully isolated Corynebacterium pseudotuberculosis from all samples
tested. The bacterial isolate from a liver of a dromedary camel with multiple pyogranuloma-
tous lesions is similar to previous findings that isolated the organism from liver abscesses in
mature alpaca and dromedary camels [43,44].

The isolates of Corynebacterium pseudotuberculosis were shown to be sensitive to all antibi-
otics tested, and this observation may indicate that the pathogen was not exposed to any
antibiotics and therefore did not experience any selection pressure that may have caused muta-
tions. Although Corynebacterium pseudotuberculosis isolates were sensitive to all antibiotics
used for in vitro antibiotic susceptibility tests, CLA may continue to be a serious problem for
animal breeders because treatment with these antibiotics is generally not effective in vivo due
to several factors, including the protective nature of the bacterial capsule, the formation of the
encapsulated abscess as well as the intracellular existence of the microorganism [17,45-47].
Therefore, prophylactic and therapeutic treatment won’t ensure that animals are free from
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infection with this microorganism. Hence, these infected animals may serve as a reservoir of
infection. As a result of this, the most practical method of controlling CLA in small ruminants
is to cull all animals with the palpable lesions [48]. However, this is impracticable to drome-
dary camels because of their economic and cultural value. In such a situation, it is recom-
mended to perform both surgical and antibiotic treatment.

Vaccines against CLA for sheep and goats are commercially available. However, these vac-
cines are not commonly used in dromedaries because the protective doses are not adopted for
camels as they are not evaluated for use in camels. They likewise do not provide complete pro-
tection against the formation of abscess. Besides, these vaccines produced granulomas during
vaccination trials [4]. A new type of vaccine composed of a mixture of 2 CLA biotypes (ovine/
caprine and equine/bovine) has given complete protection in dromedary camels in vaccination
trails, however, more research is needed to prove its use commercially [4]. Corynebacterium
pseudotuberculosis type 1 or biovar ovis was isolated from camels, Hawari [17] suggested that
infection was transmitted to camels from infected sheep and goats grazing together on the
same pasture [17].

Both biotypes of Corynebacterium pseudotuberculosis: ovine/caprine (nitrate negative) and
equine/bovine (nitrate positive) have been reported in dromedaries using the nitrate reduction
test [10,49]. However, in the present study, only biotype ovis is identified by the nitrate reduc-
tion test which yielded a negative result for all the isolates. This result was further supported by
BLAST analysis of the 16S rRNA gene partial sequences obtained from our isolates, which
showed that the Corynebacterium pseudotuberculosis (Accession number: LC549531.1) isolated
from Capra aegagrus hircus is one of the three identical sequences close to our isolates (Fig 5
and Table 1). This would indicate that preventive measures should be taken into consideration
when dromedary camels are in contact with sheep and goats, horses or cattle affected by Cory-
nebacterium pseudotuberculosis bio-type ovis or equi in all cases [49]. To avoid any infection
from small ruminants, camels should not be intermingled with sheep and goats, horses or cat-
tle. It is obvious from phylogenetic analysis, the 16S rRNA gene sequence could only be useful
to separate Corynebacterium pseudotuberculosis from other Corynebacterium spp., but not to
differentiate biovar ovis from biovar equi [36,37]. This differentiation step could further be
done using fusA [36] or rpoB gene [50]. The close phenotypic and genotypic relationship
among Corynebacterium pseudotuberculosis isolates from various countries in the world and
among different animal species, might be evidence that the infections had a common source
[51].

Conclusions

In conclusion, the results of the present investigation indicate that caseous lymphadenitis is
prevalent as sporadic cases among dromedary camels in the Emirate of Abu Dhabi, (12 cases
by routine diagnosis). As the isolates were shown to be sensitive to all antibiotics tested in
vitro, and practically the infected camels did not respond to antibiotics, this may encourage
combining other preventive and control measures such as good sanitary and hygiene in addi-
tion to vaccination to control Corynebacterium pseudotuberculosis infection in camels as well
as small ruminants.

Supporting information

S1 Fig. Map of the United Arab Emirates (UAE). The location of three regions of the study:
Abu Dhabi region, AD (orange color), Al Dhafra region or Western region, WR (Pink color)
and Al Ain, AA (green color) in the Emirate of Abu Dhabi (black line bordered) was shown.
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Image obtained from: https://www.shutterstock.com.
(TIF)

S2 Fig. VITEK-MS (MALDI-ToF). (BioMérieux, Marcy I'Etoile, France), confirmation of
Corynebacterium pseudotuberculosis isolates with a confidence value of 99.9%.
(TTF)

S1 Raw images. A raw gel image of Fig 3 showing PCR amplified 16S rRNA gene (partial, ~
900 bp) for the 12 samples used in the study.
(TIF)

Author Contributions

Conceptualization: Abdelnasir Mohammed Adam Terab, Ghada El Derdiri Abdel Wahab,
Hassan Zackaria Ali Ishag, El Tigani Ahmed El Tigani-Asil, Farouk Mohamed Hashem,
Salama Suhail Mohammed Al Mubhairi.

Data curation: Abdelnasir Mohammed Adam Terab, Ghada El Derdiri Abdel Wahab, Hassan
Zackaria Ali Ishag, El Tigani Ahmed El Tigani-Asil, Farouk Mohamed Hashem.

Formal analysis: Abdelnasir Mohammed Adam Terab, Hassan Zackaria Ali Ishag.

Funding acquisition: Salama Suhail Mohammed Al Muhairi.

Investigation: Nasereldien Altaib Hussein Khalil.

Methodology: Hassan Zackaria Ali Ishag.

Project administration: Asma Abdi Mohamed Shah, Salama Suhail Mohammed Al Mubhairi.
Supervision: Asma Abdi Mohamed Shah, Salama Suhail Mohammed Al Muhairi.
Visualization: Hassan Zackaria Ali Ishag.

Writing - original draft: Abdelnasir Mohammed Adam Terab.

Writing - review & editing: Nasereldien Altaib Hussein Khalil, El Tigani Ahmed El Tigani-
Asil, Abdelmalik Ibrahim Khalafalla, Salama Suhail Mohammed Al Muhairi.

Writing - review . . . editing: Hassan Zackaria Ali Ishag.

References

1. Ted Valli VEO, Kiupel M, Bienzle D, Wood RD. Inflammatory diseases of lymph nodes: Hematopoietic
system. in: Maxie MG, editor.Jubb, Kennedy and Palmer’s pathology of domestic animals; 2016 Vol 3,.
6th ed. Elsevier Inc. pp: 202. https://www.elsevier.com/books/jubb-kennedy-andampamp-pal%
20mers-pathology-of-domestic-animals-volume-3/maxie/978-0-7020-5319-1.

2. Aljameel MA, Halima MO, EI-Eragi AMS, El Tigani-Ail AE, Hamaad H. Studies on lymphoid tissue
abscesses in camels (Camelus dromedarius) slaughtered at Nyala Slaughterhouse, South Darfur
State, Sudan. U of K J Vet Med & Anim Prod. 2013; 4 (2): 39-52.

3. Zidan KH, Mazloum K, Saran MA, Hatem ME. Abscesses in dromedary camels, sheep and goats etiol-
ogy and pathology. 1st International scientific conference of Pathology Department, Faculty of Veteri-
nary Medicine, Cairo University, Egypt, April 25—27 2013, 2013;47:59.

4. Wernery U, Kinne J. Caseous lymphadenitis (Pseudotuberculosis) in camelids: a review. Austin J Vet
Sci & Anim Husb. 2016; 3 (1):1-6.
5. Fontaine MC, Baird GJ. Caseous lymphadenitis. Small Ruminant Res. 2008; 76(1-2):42—48.

6. Peel MM, Palmer GG, Stacpoole AM, Kerr TG. Human lymphadenitis due to Corynebacterium pseudo-
tuberculosis: report of ten cases from Australia and review. Clin Infect Dis. 1997; 24(2):185-191.
https://doi.org/10.1093/clinids/24.2.185 PMID: 9114145

PLOS ONE | https://doi.org/10.1371/journal.pone.0252893  June 8, 2021 11/14


https://www.shutterstock.com
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252893.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252893.s003
https://www.elsevier.com/books/jubb-kennedy-andampamp-pal%20mers-pathology-of-domestic-animals-volume-3/maxie/978-0-7020-5319-1
https://www.elsevier.com/books/jubb-kennedy-andampamp-pal%20mers-pathology-of-domestic-animals-volume-3/maxie/978-0-7020-5319-1
https://doi.org/10.1093/clinids/24.2.185
http://www.ncbi.nlm.nih.gov/pubmed/9114145
https://doi.org/10.1371/journal.pone.0252893

PLOS ONE

Caseous lymphadenitis in dromedary camels in the Emirate of Abu Dhabi, UAE

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Bastos BL, Dias Portela RW, Dorella FA, Ribeiro D, Seyffert N, Castro T, et al. Corynebacterium
pseudotuberculosis: immunological responses in animal models and zoonotic potential. J Clin & Cellular
Immunol. 2012; S4:005.

Hassan SS, Schneider MPC, Ramos RTJ, Carneiro AR, Ranieri A, Guimaraes LC, et al. Whole-genome
sequence of Corynebacterium pseudotuberculosis strain Cp162, isolated from camel. J Bacteriol, 2012;
194(20):5718-9. https://doi.org/10.1128/JB.01373-12 PMID: 23012291

Tarazi YH, Al-Ani FK. An outbreak of dermatophilosis and caseous lymphadenitis mixed infection in
camels (Camelus dromedaries) in Jordan. J Infect Dev Ctries. 2016; 10(05):506—11. https://doi.org/10.
3855/jidc.7023 PMID: 27249526

Tejedor-Junco MT, Lupiola P, Schulz U, Gutierrez C. Isolation of nitrate-reductase positive Corynebac-
terium pseudotuberculosis from dromedary camels. Trop Anim Health Prod. 2008; 40(3):165-7. https://
doi.org/10.1007/s11250-007-9077-2 PMID: 18484117

Dorneles EM, Santana JA, Ribeiro D, Dorella FA, Guimarédes AS, Moawad MS, et al. Evaluation of
ERIC-PCR as genotyping method for Corynebacterium pseudotuberculosis isolates. PLoS One. 2014;
9(6):€98758. https://doi.org/10.1371/journal.pone.0098758 PMID: 24901343

Soares SC, Silva A, Trost E, Blom J, Ramos R, Carneiro A, et al. The pan-genome of the animal patho-
gen Corynebacterium pseudotuberculosis reveals differences in genome plasticity between the biovar
ovis and equi strains. PLoS One. 2013; 8(1):e53818. https://doi.org/10.1371/journal.pone.0053818
PMID: 23342011

Tejedor MT, Martin JL, Lupiola P, Gutierrez C. Caseous lymphadenitis caused by Corynebacterium
ulcerans in the dromedary camel. Can Vet J. 2000; 41(2):126—127. PMID: 10723599

Moustafa AM. First observation of camel (Camelus dromedarius) lymphadenitis in Libya. A case report.
Rev Elev Med Vet Pays Trop. 1994; 47(3):313-314. https://doi.org/10.19182/REMVT.9094 PMID:
7709033

Plummer PJ, Plummer CL, Kelly MS. Caseous lymphadenitis: Disease of the respiratory system. In:
Pugh DG, Baird A N, editors. Sheep and goat medicine; 2012. 2nd, ed. pp. 126—149.

Wernery U. Caseous lymphadenitis (Pseudotuberculosis) in camelids. J Camel Pract Res. 2012; 19
(1):21-27.

Hawari AD. Corynebacterium pseudotuberculosis infection (caseous lymphadenitis) in camels (Came-
lus dromedarius) in Jordan. Am J Anim & Vet Sci. 2008; 3(2):68—72. https://doi.org/10.3844/ajavsp.
2008.68.72

Borham M, Oreiby A, EI-Gedawy A, Al-Gaabary M. Caseous lymphadenitis in Sudanese and Somalian
camels imported for meat consumption in Egypt. Alexandria J Vet Sci. 2017; 55(2).52-59. https://doi.
org/10.5455/ajvs.282343

Williamson LH. Caseous lymphadenitis in small ruminants. Vet Clin North Am Food Anim Pract. 2001;
17(2):359-371. https://doi.org/10.1016/s0749-0720(15)30033-5 PMID: 11515406

Nassar AFdC, Daniel GT, Ruiz R, Miyashiro S, Scannapieco EM, Souza Neto Jd, et al. Diagnostic com-
parison of Corynebacterium pseudotuberculosis through microbiological culture and PCR in sheep
samples. Arq Inst Biol. 2015; 82. https://doi.org/10.1590/1808-1657000692013

Dercksen DP, Brinkhof JM, Dekker-Nooren T, Maanen K, Bode CF, Baird G, et al. A comparison of four
serological tests for the diagnosis of caseous lymphadenitis in sheep and goats. Vet Microbiol. 2000; 75
(2):167—175. https://doi.org/10.1016/s0378-1135(00)00217-0 PMID: 10889407

Conlan S, Kong HH, Segre JA. Species-level analysis of DNA sequence data from the NIH Human
Microbiome Project. PLoS One. 2012; 7(10):e47075. https://doi.org/10.1371/journal.pone.0047075
PMID: 23071716

Fettweis JM, Serrano MG, Sheth NU, Mayer CM, Glascock AL, Brooks JP, et al. Species-level classifi-
cation of the vaginal microbiome. BMC genomics. 2012; 13(S8):S17. https://doi.org/10.1186/1471-
2164-13-S8-S17 PMID: 23282177

Newton IL, Roeselers G. The effect of training set on the classification of honey bee gut microbiota
using the Naive Bayesian Classifier. BMC Microbiol. 2012; 12(1):221. https://doi.org/10.1186/1471-
2180-12-221 PMID: 23013113

Cetinkaya B, Karahan M, Atil E, Kalin R, De Baere T, Vaneechoutte M. Identification of Corynebacte-
rium pseudotuberculosis isolates from sheep and goats by PCR. Vet Microbiol. 2002; 88(1):75-83.
https://doi.org/10.1016/s0378-1135(02)00089-5 PMID: 12119139

Wernery U, Kinne J, Schuster RK. Camelid infectious disorders. Paris, France. OIE (World Organisa-
tion for Animal Health); 2014. pp. 163—173.

Esterabadi AH, Entessar F, Hedayati H, Narimani AA, Sadri M. Isolation of Corynebacterium pseudotu-
berculosis from camel in Iran. Arch Inst Razi. 1975; 27:61-66. https://doi.org/10.22092/ARI.1975.
108778

PLOS ONE | https://doi.org/10.1371/journal.pone.0252893  June 8, 2021 12/14


https://doi.org/10.1128/JB.01373-12
http://www.ncbi.nlm.nih.gov/pubmed/23012291
https://doi.org/10.3855/jidc.7023
https://doi.org/10.3855/jidc.7023
http://www.ncbi.nlm.nih.gov/pubmed/27249526
https://doi.org/10.1007/s11250-007-9077-2
https://doi.org/10.1007/s11250-007-9077-2
http://www.ncbi.nlm.nih.gov/pubmed/18484117
https://doi.org/10.1371/journal.pone.0098758
http://www.ncbi.nlm.nih.gov/pubmed/24901343
https://doi.org/10.1371/journal.pone.0053818
http://www.ncbi.nlm.nih.gov/pubmed/23342011
http://www.ncbi.nlm.nih.gov/pubmed/10723599
https://doi.org/10.19182/REMVT.9094
http://www.ncbi.nlm.nih.gov/pubmed/7709033
https://doi.org/10.3844/ajavsp.2008.68.72
https://doi.org/10.3844/ajavsp.2008.68.72
https://doi.org/10.5455/ajvs.282343
https://doi.org/10.5455/ajvs.282343
https://doi.org/10.1016/s0749-0720%2815%2930033-5
http://www.ncbi.nlm.nih.gov/pubmed/11515406
https://doi.org/10.1590/1808-1657000692013
https://doi.org/10.1016/s0378-1135%2800%2900217-0
http://www.ncbi.nlm.nih.gov/pubmed/10889407
https://doi.org/10.1371/journal.pone.0047075
http://www.ncbi.nlm.nih.gov/pubmed/23071716
https://doi.org/10.1186/1471-2164-13-S8-S17
https://doi.org/10.1186/1471-2164-13-S8-S17
http://www.ncbi.nlm.nih.gov/pubmed/23282177
https://doi.org/10.1186/1471-2180-12-221
https://doi.org/10.1186/1471-2180-12-221
http://www.ncbi.nlm.nih.gov/pubmed/23013113
https://doi.org/10.1016/s0378-1135%2802%2900089-5
http://www.ncbi.nlm.nih.gov/pubmed/12119139
https://doi.org/10.22092/ARI.1975.108778
https://doi.org/10.22092/ARI.1975.108778
https://doi.org/10.1371/journal.pone.0252893

PLOS ONE

Caseous lymphadenitis in dromedary camels in the Emirate of Abu Dhabi, UAE

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Radwan Al, EI-Magawry S, Hawari A, Al-Bekairi SI, Rebleza RM. Corynebacterium pseudotuberculosis
infection in camels (Camelus dromedarius) in Saudi Arabia. Trop Anim Health Prod. 1989; 21(4):229—
230. https://doi.org/10.1007/BF02261094 PMID: 2617677

Abubakr MI, Nayel MN, Fadlalla ME. Corynebacterium abscesses in camels in Bahrain. J Camel Pract
Res. 1999; 6(1):107-109.

Bancroft JD, Layton C. The hematoxylin and eosin. In: Suvarna SK, Layton C, Bancroft JD, editors.
Bancroft's theory and practice of histological techniques. 8th ed. Elsevier; 2019. https://www.elsevier.
com/books/bancrofts-theory-and-practice-of-histological-techniques/unknown/978-0-7020-6886-7.

Songer JG, Post KW. Veterinary microbiology: bacterial and fungal agents of animal disease. 1sted.
Elsevier; 2004. https://www.elsevier.com/books/veterinary-microbiology/songer/978-0-7216-8717-9.

CLSI (Clinical and Laboratory Standards Institute). Performance standards for antimicrobial disk and
dilution susceptibility test for bacteria isolated from animals. 5th ed. CLSI standard VETO1. Wayne,
PA: Clinical and Laboratory Standards Institute; 2018. https://clsi.org/media/2325/vet01ed5_sample.
pdf.

Lane DJ. 165/23S rRNA sequencing. In: Stackebrandt E, Goodfellow M, editos. Nucleic acid tech-
niques in bacterial systematics. John Wiley and Sons, New York; 1991.pp. 115-175.

Muyzer G, Smalla K. Application of denaturing gradient gel electrophoresis (DGGE) and temperature
gradient gel electrophoresis (TGGE) in microbial ecology. Antonie van Leeuwenhoek. 1998; 73(1):127—
141. https://doi.org/10.1023/a:1000669317571 PMID: 9602286

Okonechnikov K, Golosova O, Fursov M, Team U. Unipro UGENE: a unified bioinformatics toolkit. Bio-
informatics. 2012; 28(8):1166—7. https://doi.org/10.1093/bicinformatics/bts091 PMID: 22368248

LiH, YangH, Zhou Z, Li X, Yi W, Xu Y, et al. Isolation, antibiotic resistance, virulence traits and phyloge-
netic analysis of Corynebacterium pseudotuberculosis from goats in southwestern China. Small Rumi-
nant Res. 2018; 168:69-75. https://doi.org/10.1016/j.smallrumres.2018.09.015

Takahashi T, Mori Y, Kobayashi H, Ochi M, Kikuchi N, Hiramune T. Phylogenetic positions and assign-
ment of swine and ovine corynebacterial isolates based on the 16S rDNA sequence. Microbiol Immunol.
1997; 41(9):649-55. https://doi.org/10.1111/1.1348-0421.1997.tb01907.x PMID: 9343814

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: molecular evolutionary genetics analysis
across computing platforms. MolBiol Evol. 2018; 35(6):1547—1549. https://doi.org/10.1093/molbev/
msy096 PMID: 29722887

Kimura M. A simple method for estimating evolutionary rates of base substitutions through comparative
studies of nucleotide sequences. J Mol Evol. 1980; 16(2):111-120. https://doi.org/10.1007/
BF01731581 PMID: 7463489

Al-Gaabary MH, Osman SA, Ahmed MS, Oreiby AF. Abattoir survey on caseous lymphadenitis in
sheep and goats in Tanta, Egypt. Small Ruminant Res. 2010; 94(1-3):117—124. https://doi.org/10.
1016/j.smallrumres.2010.07.011

Zavoshti FR, Khoojine ABS, Helan JA, Hassanzadeh B, Heydari AA. Frequency of caseous lymphade-
nitis (CLA) in sheep slaughtered in an abattoir in Tabriz: comparison of bacterial culture and pathologi-
cal study. Comp Clin Path. 2012; 21(5):667—671. https://doi.org/10.1007/s00580-010-1154-7 PMID:
23049493

Nourani H, Salimi M. Pathological study on liver of dromedary camels. J Camel Pract Res. 2013; 20
(1):97-100.

Sprake P, Gold JR. Corynebacterium pseudotuberculosis liver abscess in a mature alpaca (Lama
pacos). Can Vet J. 2012; 53(4):387—-390. PMID: 23024384

Aljameel MA, Halima MO, EITigani-Asil AE, Abdalla AS, Abdellatif MM. Liver abscesses in dromedary
camels: Pathological characteristics and aerobic bacterial aetiology. Open Vet J. 2014; 4(2):118-123.
PMID: 26623351

Ismail AA, Hamid YMA. Studies on the effect of some chemical disinfectants used in veterinary practice
on Corynebacterium ovis. J Egypt Vet Med Assoc. 1972. 32: 195-202.

Ashfag MK, Campbell SG. A survey of caseous lymphadenitis and its etiology in goats in the United
States. Vet Med Small Anim Clin.1979. 74(8):1161-1165. PMID: 260549

Osman AY, Nordin ML, Kadir AA, Saharee AA. The epidemiology and pathophysiology of caseous
lymphadenitis: A review. J Vet Med Res. 2018. 5(3): 1129.1-7.

Husband AJ, Watson DL. Immunological events in the popliteal lymph node of sheep following injection
of live or killed Corynebacterium ovis into an afferent popliteal lymphatic duct. Res Vet Sci. 1977; 22
(1):105—112. PMID: 557223

Tejedor MT, Martin JL, Corbera JA, Shulz U, Gutierrez C. Pseudotuberculosis in dromedary camels in
the Canary Islands. Trop Anim Health Prod. 2004; 36(5):459-562. https://doi.org/10.1023/b:trop.
0000035012.63821.12 PMID: 15449835

PLOS ONE | https://doi.org/10.1371/journal.pone.0252893  June 8, 2021 13/14


https://doi.org/10.1007/BF02261094
http://www.ncbi.nlm.nih.gov/pubmed/2617677
https://www.elsevier.com/books/bancrofts-theory-and-practice-of-histological-techniques/unknown/978-0-7020-6886-7
https://www.elsevier.com/books/bancrofts-theory-and-practice-of-histological-techniques/unknown/978-0-7020-6886-7
https://www.elsevier.com/books/veterinary-microbiology/songer/978-0-7216-8717-9
https://clsi.org/media/2325/vet01ed5_sample.pdf
https://clsi.org/media/2325/vet01ed5_sample.pdf
https://doi.org/10.1023/a%3A1000669317571
http://www.ncbi.nlm.nih.gov/pubmed/9602286
https://doi.org/10.1093/bioinformatics/bts091
http://www.ncbi.nlm.nih.gov/pubmed/22368248
https://doi.org/10.1016/j.smallrumres.2018.09.015
https://doi.org/10.1111/j.1348-0421.1997.tb01907.x
http://www.ncbi.nlm.nih.gov/pubmed/9343814
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
http://www.ncbi.nlm.nih.gov/pubmed/29722887
https://doi.org/10.1007/BF01731581
https://doi.org/10.1007/BF01731581
http://www.ncbi.nlm.nih.gov/pubmed/7463489
https://doi.org/10.1016/j.smallrumres.2010.07.011
https://doi.org/10.1016/j.smallrumres.2010.07.011
https://doi.org/10.1007/s00580-010-1154-7
http://www.ncbi.nlm.nih.gov/pubmed/23049493
http://www.ncbi.nlm.nih.gov/pubmed/23024384
http://www.ncbi.nlm.nih.gov/pubmed/26623351
http://www.ncbi.nlm.nih.gov/pubmed/260549
http://www.ncbi.nlm.nih.gov/pubmed/557223
https://doi.org/10.1023/b%3Atrop.0000035012.63821.12
https://doi.org/10.1023/b%3Atrop.0000035012.63821.12
http://www.ncbi.nlm.nih.gov/pubmed/15449835
https://doi.org/10.1371/journal.pone.0252893

PLOS ONE Caseous lymphadenitis in dromedary camels in the Emirate of Abu Dhabi, UAE

50. Guerrero JAV, de Oca Jiménez RM, Dibarrat JA, Ledn FH, Morales-Erasto V, Salazar HGM. Isolation
and molecular characterization of Corynebacterium pseudotuberculosis from sheep and goats in
Mexico. Microb Pathog. 2018; 117:304—-309. https://doi.org/10.1016/j.micpath.2018.02.031 PMID:
29474828

51. Connor KM, Fontaine MC, Rudge K, Baird GJ, Donachie W. Molecular genotyping of multinational
ovine and caprine Corynebacterium pseudotuberculosis isolates using pulsed-field gel electrophoresis.
Vet Res. 2007; 38(4):613-623. https://doi.org/10.1051/vetres:2007013 PMID: 17565908

PLOS ONE | https://doi.org/10.1371/journal.pone.0252893  June 8, 2021 14/14


https://doi.org/10.1016/j.micpath.2018.02.031
http://www.ncbi.nlm.nih.gov/pubmed/29474828
https://doi.org/10.1051/vetres%3A2007013
http://www.ncbi.nlm.nih.gov/pubmed/17565908
https://doi.org/10.1371/journal.pone.0252893

