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ABSTRACT
Pneumonia is one of the most important causes of morbidity and mortality, which cause severe economic losses in
camels (Camelus dromedarius). This study was formed to compare the fast-responsive PCR with conventional
culture method in pneumonia and evaluate the reliability of multiplex PCR assay (mPCR) for simultaneously
detecting and identifying 6 pathogenic bacteria. So, 160 nasopharyngeal swabs were collected from 160 camels
from Matrouh and Alexandria Governorates, Egypt, suffering from pneumonia. The result revealed that (36.8%)
and (51.2%) isolates were obtained by culture and PCR respectively. The isolates constituted 6 genera of
pathogenic bacteria, were as follows, Klebsiella spp., (12.5%) and (16.2%), E. coli, (10.6%) and (13.1%),
Staphylococcus spp., (9.4%) and (12.5%), Salmonella spp., (2.5%) and (4.3%) and Pasteurella multocida (1.9%)
and (3.1%) by culture and PCR respectively to the total number of isolates. Meanwhile, Mycoplasma spp., (1.9%)
were detected only by PCR. Multiplex PCR assay found to be rapid, economic and sensitive tool for accurate
detection of the 6 pathogenic organisms concurrently. In addition, mPCR detected virulence genes of these
pathogens enhancing evaluation of the pathogenicity of pathogenic bacteria present in infected camels and is a
useful and rapid technique to apply to field samples.
KEYWORDS: Camelus dromedaries, pneumonia, Culture, mPCR.
1-INTRODUCTION
Nowadays, some concern and care have been focused
on camel due to its unparalleled adaptive characteristics
for survivability in the difficult and harsh
environment.[1] especially in the arid and semiarid
areas. Camel has been for a long time an ignoring
species,[2] but recently, camel research achieved more
attention worldwide. Globally, except for some
parasitic diseases, there is only a few information on
camel diseases.[3] Respiratory diseases are encountered
as an emerging health hazard to camel population
worldwide due to significant mortalities and the high
cost of vaccination and treatment. [4] The main etiology
of most respiratory diseases of camels has not yet been
fully determined. Additionally, respiratory diseases
have emerged among camel worldwide causing
morbidity, mortality, and loss of production.[5-6]
A set of infectious bacterial pathogens caused
pneumonia in camel, play an important role in
economic losses in its industry which include.
Pasteurella multocida, the main cause of hemorrhagic
septicemia disease (Pasteurellosis) in camels[7,8] which
was considered a dangerous disease has high effects on
the productivity of camel and may even cause high
mortality. Infected animals may die within a few days
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of the begin of clinical signs, and the rest animals who
still a life may become chronically infected. [4,9]
Klebsiella spp. is often cause sepsis, urinary and
respiratory tract infections, mastitis and meningitis. [10]
Pulmonary infections due to K. pneumoniae are
characterized by a rapidly progressive clinical course
complicated by lung abscesses and cause high mortality
and morbidity if still camel untreated.]11[
Mycoplasmas are considered from the smallest
free-living microorganisms, from class Mollicutes and
are highly fastidious bacteria, difficult to culture and
slow growing. Its highly contagious organism, capable of
auto- replication[12] and cannot be discover during the
period of incubation, besides, the serological
cross-reactions among the Mycoplasma spp. are a
stringent problem.[13] Many species are also important
veterinary pathogens causing many different diseases as
pneumonia.[14] Other pathogens such as Salmonella spp,
Escherichia coli, and Staphylococcus spp. have been
incriminated to threaten camel health throughout the
world.[15,16,17]
The classical procedure for detecting and identifying
pathogenic organisms are taking too much time and
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complicated by serological cross-reaction between
related organisms. Another problem can be caused by
bacterial contamination of samples, as this usually
prevents the growth of some of these organisms,
especially, some bacteria such as. P. multocida do not
have an effective selective medium.[18]
In view of these difficulties, faster, simpler, and less
hazardous and more specific and sensitive diagnostic
methods are needed for identification of these organisms.
Polymerase chain reaction (PCR) with specific primers
can achieve rapid and specific diagnosis of organisms in
field samples in both acute and chronic infections.[19,20]
In addition, PCR is more specific, sensitive for detection
of multiple organisms and give fast and accurate results,
but a large number of individual PCR assay are
necessary if single primer sets are used on a large
number of clinical samples.[21] So, the detection of many
pathogens with a multiplex PCR (mPCR) approach
would be relatively rapid, cost-effective and has been
widely applied to detect multiple bacteria in clinical
specimens.[22,23] In Egypt, camel is the important
domestic animal in the deserts because of its
adaptation to different climatic conditions and to the
Lack of water and forage. It gives meat, milk, means of
transport and plays an important role in the socio-cultural
structure of the community. On the other hand, the
respiratory infections have received little attention
in camel outbreaks in Matrouh and Alaxandria
Governorate, and no study has reported on the
simultaneous detection of the six bacterial pathogens in a
single tube. Therefore, the first aim of the
current study was
to
compare
the
fast-responsive PCR method with
the
conventional
culture method in respiratory infection and to evaluate
the
reliability
and
effectiveness
of the
mPCR method. The second was to identify which
bacterial pathogens are the most common causes of
respiratory infection in camel at the two Governorates.
2- MATERIALS AND METHODS
2.1. Animals
One hundred and sixty camels aged from 3 to 7 years
with clinical signs of pneumonia were subjected to
examination in this study. The samples were collected
from Matrouh and Alexandria Governorates Egypt, for
detection and identification of bacterial microorganisms
causing pneumonia.

the surface of S.S. and XLD agar plates, nutrient agar,
MacConkey agar ,brain heart infusion agar, blood
agar base supplemented with 7% sheep blood, then
incubated at 37°C for 24-48 hours and modified
Hayflick’s Agar incubated at 37ºC in humidified candle
jar for two weeks and examined microscopically using
stereomicroscope (10X,Olympus CKX41) every 2-3 days
until fried egg colonies appeared, followed by
purification of the isolates according to Rosendal[24] and
Sabry.[25] The obtained bacterial isolates were stained
with Gram stain and examined microscopically, then
fully confirmed by full biochemical identification
according to Quinn[26] and Holth.[27]
2.4. DNA extraction
DNA extraction from samples was performed using the
QIAamp DNA Mini kit (Qiagen, Germany, GmbH) with
modifications
from
the
manufacturer’s
recommendations. Briefly, 200 µl of the sample
suspension was incubated with 10 µl of proteinase K and
200 µl of lysis buffer at 56OC for 10 min. After
incubation, 200 µl of 100% ethanol was added to the
lysate. The sample was then washed and centrifuged
following the manufacturer’s recommendations. Nucleic
acid was eluted with 100 µl of elution buffer provided in
the kit.
2.5. Oligonucleotide Primer
Primers used were supplied from Metabion (Germany)
are listed in (table 1).
2.6. PCR amplification
2.6. a. For uniplex PCR, primers were utilized in a 25- µl
reaction containing 12.5 µl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 µl of each primer of 20
pmol concentration, 5.5 µl of water, and 5 µl of DNA
template. The reaction was performed in an Applied
biosystem 2720 thermal cycler. The products of PCR
were separated by electrophoresis on 1% agarose gel
(Applichem, Germany, GmbH) in 1x TBE buffer at room
temperature using gradients of 5V/cm. For gel analysis,
20 µl of the products were loaded in each gel slot.

2.2. Samples
A total of 160 nasopharyngeal swabs were taken under
aseptic conditions on transport media and sent in sterile
bags in an ice box for bacteriological examination.

2.6.b. For multiplex PCR, primers were utilized in a 50µl reaction containing 25 µl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 µl of each primer of 20
pmol concentration, 7 µl of water, and 6 µl of DNA
template. The reaction was performed in an Applied
biosystem 2720 thermal cycler. The products of PCR
were separated by electrophoresis on 1% agarose gel
(Applichem, Germany, GmbH) in 1x TBE buffer at room
temperature using gradients of 5V/cm. For gel analysis,
40 µl of the products were loaded in each gel slot.

2.3 Bacteriological Isolation
The nasopharyngeal swabs cultured in selenite F broth,
tryptic soy broth (Merck, Darmstadt, Germany), brain
heart infusion broth, LB broth and modified
Hayflick’s broth and then incubated at 37°C for 18-24
hours. A loopful from inoculated broth was streaked onto

Organisms
The Organisms which was used as Positive control
kindly taken from desert research center. (Staph. Spp, E.
coli, Salmonella reference strain, Pasteurella multocida
ultocida, Klebsiella spp, Streptococcus spp., Histophilus
somni, Shigella spp. and Pseudomonas spp.).
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Table 1: Primers sequences, target genes, amplicon sizes and cycling conditions.
Amplified
Primary
Target gene
Primers sequences
segment (bp) denaturation
ATCCGCTATTTACCCAGTGG
P. multocida kmt1
460
GCTGTAAACGAACTCGCCAC
CCTATAAGACTGGGATAACTTCGGG
Staph 16S rRNA
791
CTTTGAGTTTCAACCTTGCGGTCG
GCAAGTCGAGCGGTAGCACAG
Klebsiella KP16
260
CAGTGTGGCTGGTCATCCTCTC
94˚C
5 min.
CGGAAATA CCATCTACAAATA
Salmonella spvC
669
-CCCAAACCCATACTTACTCTG
Mycoplasma spp 16S GTTTGATCCTGGCTCAGGAYDAACG
900
rRNA
CTTGTGCGGG YYCCCGTCAA TTC
ATTTTTMTTTCTGTATTRTCTT
E. coli est
190
CACCCGGTACARGCAGGATT
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Amplification (35 cycles)
Secondary denaturation
Annealing

Extension

Final
extension

Reference
[28]
[29]

94˚C
30 sec.

55˚C
40 sec.

72˚C
1 min.

72˚C
10 min.

[30]
[31]
[32]
[33]

137

Hafez et al.

European Journal of Biomedical and Pharmaceutical Sciences

3. RESULTS
3.1. Isolation and identification
In this study, as shown in Table (2) bacteriological
examination was done for 160 nasopharyngeal swabs by
incidence of 59 (36.8%) bacteria isolate which were
collected from 160 camels aged from 3 to 7 years
suffering from pneumonia at Matrouh and Alexandria
Governorates. Six genera of pathogenic bacteria were
isolated from diseased camels. The frequency of
isolation of these bacteria in term of abundance were as
follows, klebsiella spp.,20 (12.5%), E. coli,17 (10.6%),
Staphylococcus spp., 15 (9.4%), Salmonella spp.,
4(2.5%) and Pasteurella multocida 3 (1.9%) to the total
number of samples.
3.2. Polymerase chain reaction (PCR)
By using of Polymerase chain reaction (PCR) with
species specific primers for the detection of each of
the 6 genera of pathogenic bacteria, as shown in Table
(2) and Fig (1-5), all bacteriologically positive
samples were positive with PCR, whereas, PCR
detected 23 bacteriologically negative samples.
Moreover, as shown in Fig (6), PCR can success to
detect Mycoplasma spp. which failed to detect by
culture. The incidence of 82 (51.2%) bacteria isolates
by PCR were obtained and the frequency of isolation of
these bacteria were as follows, klebsiella spp., 26
(16.2%), E. coli, 21(13.1%), Staphylococcus spp., 20
(12.5%), Salmonella spp.,
7
(4.3%),
Pasteurella
multocida 5 (3.1) and Mycoplasma spp., 3 (1.9%) ,
Regarding, 260bp, 190 bp, 791bp, 699bp 460bp and

900bp PCR products were observed on agarose gel
electrophoresis
for
Klebsiella,
E.
coli,
Staphylococcus spp., Salmonella spp., Pasteurella
multocida and Mycoplasma spp. respectively. So, our
result revealed that, the most common pathogens causing
pneumonia in camel are klebsiella spp., E. coli followed
by Staphylococcus spp. Then each primer pair was also
tested using both single DNA and a mixture of the 6
DNA templates. When different combinations of the 6
bacteria (using 1 to 6 randomly selected bacteria) were
used in the mPCR, the respective bacterial amplicons
were produced and were separated on agarose gel
electrophoresis (Fig 7).
Table 2: Comparison between culture and PCR
for detection of the 6 microorganisms.
Microorganisms
Culture
PCR
klebsiella
20 (12.5%) 26 (16.2%)
E. coli
17(10.6%) 21 (13.1 %)
Staphylococcus spp.
15 (9.4%)
20 (12.5%)
Salmonella spp.
4 (2.5%)
7 (4.3%)
Pasteurella multocida
3 (1.9%)
5 (3.1%)
Mycoplasma spp
--3 (1.9%)
Total
59 (36.8%) 82 (51.2%)

Primer species specificity Fig (1-6):

Fig 1: klebsiella spp.
PCR amplification of klebsiella spp. DNA from
different samples; M ,Molecular weight marker showed
100bp-600 bp DNA ladder the type code is shown
above the lanes, lane 1 negative control, lane 4 positive
control , lanes2,3, 5,7,8,10,12,13,14 represents the
positive product of klebsiella spp, lanes 6, 9,11
represents the negative.
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Fig 2: E. coli.
PCR amplification of E. coli. DNA from different
samples; M, Molecular weight marker showed
100bp-600 bp DNA ladder the type code is shown
above the lanes, lane 1 positive control 190bp, lane 2
negative control , lanes3,4,5,6,8,9,11,14 represents
the positive product of E. coli, lanes 7, 10,12,13
represents the negative.
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Fig 3: Staphylococcus spp.
PCR amplification of Staphylococcus spp. DNA from
different samples; M ,Molecular weight marker
showed 100bp-1000bp DNA ladder the type code is
shown above the lanes, lane 1 negative control , lane 7
positive
control
791bp,
lanes2,3,4,8,9,11,13represents the positive product of
Staphylococcus spp, lanes 5,6,10,12,14represents the
negative.

Fig 4:
spp.
PCR amplification of Salmonella spp. DNA from
different samples; M ,Molecular weight marker
showed 100bp-1000 bp DNA ladder the type code is
shown above the lanes, lane 1 negative control, lane 9
positive control ,2,3,4,6,10 represents the positive
product of almonella spp, lanes 5, 7,8,9,11,12,13,14
represents the negative.

Fig 5: Pasteurella multocida.
Amplification of Pasteurella Multocida DNA from
different samples; M, Molecular weight marker
showed 100bp-600 bp DNA ladder The type code is
shown above the lanes, lane 1 negative control, lane 8
positive control 460bp, lanes2,3, 9,14 represents the
positive product of Pasteurella multocida lanes 4,
5,6,7,10,11,12,13 represents the negative.

Fig 6: Mycoplasma spp.
PCR amplification of Mycoplasma spp DNA from
different samples; M ,Molecular weight marker
showed 100bp-1000 bp DNA ladder the type code is
shown above the lanes, lane 1 negative control, lane 2
positive control, lanes6,10 represents the positive
product
of
Mycoplasma
spp,
lanes
3,
4,5,7,8,9,11,12,13,14 represents the negative.
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Fig 7: Agarose gel electrophoresis of multiplex PCR amplified products. M, 100-bp DNA marker;
lane 1, negative control; lane 3, 190 bp for Escherichia coli; 260 for klebsiella spp ;460 P. multocida;
699 bp for salmonella spp791 for Staphylococcus spp; and 900 bp for Mycoplasma spp;lane2
Mycoplasma spp and Staphylococcus spp; lane 4 Mycoplasma spp; lane5 Mycoplasma spp and Pasteurella
multocida,lane6 Mycoplasma spp and klebsiella spp, lane7 Mycoplasma spp and Escherichia coli ,lane8
Staphylococcus spp and salmonella spp lane9 Staphylococcus spp and Pasteurella multocida, lane10
Staphylococcus spp and Pasteurella multocida,lane 11 Staphylococcus spp and Escherichia coli, lane 12
salmonella spp and Pasteurella multocida, lane 13 salmonella spp and klebsiella spp, lane 14
salmonella spp and Escherichia coli, lane 15 Pasteurella multocida and klebsiella spp, lane 16
Pasteurella multocida and Escherichia coli, lane 17 klebsiella spp and Escherichia coli.
3.3 Multiplex PCR
Analytical Specificity of mPCR
On the current work, (Fig8) we applied analytical
specificity of mPCR to other bacteria that can also
be found in camels to detect the cross-reactivity
between mPCR primer sets except those of

Klebsiella spp., Escherichia coli, Staphylococcus spp.,
Salmonella spp, Pasteurella multocida and Mycoplasma
spp. The result revealed that, no amplicons were
produced with Streptococcus spp., Histophilus somni,
Shigella spp. and Pseudomonas spp.

Fig 8: Agarose gel electrophoresis of multiplex PCR amplified products. M, 100-bp-1000bp
DNA marker; lane 1 mixture of 190 bp for Escherichia coli; 260 for klebsiella spp ;460 P.
multocida; 670 bp for salmonella spp791 for Staphylococcus spp;and 900 bp for Mycoplasma
spp; lane 2, Streptococcus spp; lane 3, Histophilus somni; lane 4 Shigella species; lane 5
Pseudomonas spp all are negative.
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3.4. Application of the multiplex PCR (mPCR) for
the identification of pathogens isolated from field
samples (Fig. 9)
To evaluate the discriminating power of the method
even further and to test its applicability, 100 nasal
swabs of camels from field sample were tested for
Klebsiella, Escherichia coli, Staphylococcus spp,
Salmonella spp, Pasteurella multocida and Mycoplasma
spp. using the and confirmed by routing PCR with

the same 6 sets of primers. Multiplex PCR assays
were found to be more rapid, sensitive and give a
chance of covering the 6 microorganisms in a short
time in one tube for accurate detection. In which the
mPCR products were 260bp for Klebsiella, 190 bp for E.
coli, 270 bp for Staphylococcus spp., 669 bp for
Salmonella spp., 460 bp for Pasteurella multocida and
900 bp for Mycoplasma spp.

Fig 9: Agarose gel electrophoresis of multiplex PCR amplified products isolated from field
samples. M, 100-bp molecular size DNA ladder (Promega); positive mixture Lane 9, lane16
negative control, Lane 1,3 Staphylococcus spp and klebsiella spp; lane 2 Staphylococcus spp,
klebsiella spp and Escherichia coli,, lane 4,7,8,13 negative sample, lane 5,15 klebsiella spp;
lane 6 mycoplasma spp and klebsiella spp; lane 10 salmonella spp and klebsiella spp; lane 11
Escherichia coli, klebsiella spp P. multocida and Staphylococcus spp; lane 12Escherichia coli,
salmonella spp and mycoplasma spp; lane 14, klebsiella spp, Staphylococcus spp and mycoplasma
spp; lane 15 klebsiella spp.
4. DISCUSSION
Pneumonia is the main causes of morbidity and
mortality, which lead to a high economic loss in camels.
Generally, pneumonia was the most important symptoms
and has been reported as common owner's complaints in
camels at the area of investigation. The examined camels
suffering from nasal discharge different from watery to
abundant mucopurulent, depression, coughing, loss of
appetite, fever, dyspnea, and hyperventilation.
In the present study, the result indicates that 59 (36.8%)
different bacterial isolates were obtained by culture of
the samples. This is confirmed by several researchers
who previously isolated various bacterial species from
many regions of the camel respiratory tract, nasal tracts,
tonsil,
trachea,
and
lungs,
with
different
percentage.[34-35-36] On the otherwise, it was evident that
the most common isolate caused pneumonia was
klebsiella spp., E. coli, and followed by Staphylococcus
spp., this nearly similar but differ in prevalence with
Nahed.[37] who implicated that, Klebsiella pneumonia
and Staphylococcus aureus were the most common
bacterial pathogens isolated from both healthy and
diseased camel. The differences in prevalence may be
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due to using different sample types, different methods for
detection and identification. However, it was not the aim
of the present work to study the incidence of different
microorganisms rather than to obtain methods of early
diagnoses and detection of bacterial pathogens causing
pneumonia in camels.
Early diagnosis and identification of bacterial causative
agents in cases of pneumonia can reduce morbidity,
mortality and decrease the overuse of antimicrobials
drugs.
Conventional culture methods taking a lot of time and it
tedious, monotonous costly as they require hundreds of
antisera as well as well trained technicians, besides, are
not always accurate to detect respiratory tract pathogens
and these traditional methods have low specificity and
sensitivity for discovering microorganisms. These
findings confirmed the result which was Saied in
previous literature.[38-39-40] The other disadvantageous that
culture media need many requirement and equipment for
different organisms and due to many varieties of
microorganisms the results are difficult to interpret. This
result is approved with Chan.[41]

141

Tomoki.

European Journal of Biomedical and Pharmaceutical Sciences

So, this study was designed to compare the
fast-responsive PCR with conventional culture method in
pneumonia and evaluate the reliability of multiplex PCR
assay (mPCR) for simultaneously detecting and
identifying 6 pathogenic bacteria. The result revealed
that, all bacteriologically positive samples were
positive with PCR whereas, PCR detect 23
bacteriologically negative samples.
On the other hand, 59 (36.8%) and 82(51.2%) bacterial
isolates which include Klebsiella spp.,20 (12.5%) and
26 (16.2%), E. coli,17 (10.6%) and 21 (13.1%),
Staphylococcus spp.,15 (9.4%) and 20 (12.5%),
Salmonella spp.4 (2.5%) and 7 (4.3%) and Pasteurella
multocida 3 (1.9%) and 5 (3.1%) were obtained by
culture and PCR respectively. Also, as seen in this
work, a reference to mycoplasma there was no
positive result obtained by culture method, but 3(1.9%)
of nasal swabs were positive by using PCR method. This
means that, species specific PCR more accurate,
sensitive and specific method for detecting of various
pathogenic bacteria and PCR due to no need of
purification and cloning, pathogenic bacteria are easy to
detected even within the mixed organisms in a sample,
without spending long times. This finding was consistent
with many previous reports.[42]
In the present work, culture failed to detect mycoplasma
spp. but PCR succeeded to detect it. This is going in
hand with Alaa.[43] who showed that, by using culture
method, Mycoplasma was not isolated from any of these
samples in a PPLO broth and/or solid culture media.
Moreover, Mycoplasma is difficult to be cultured and it
is often diagnosis usually depend on serology in the
past.[44] However, serology is not sufficiently rapid and
reliable especially in specificity and is usually give its
positive result after 7 days after the onset of
disease.[41-42-45] Regarding, the pathogen cannot be
identified during the period of incubation and the
serological cross-reactions among the Mycoplasma spp.
are causing the serious problem.[13]
In this work, the rates of PCR 82(51.2%) was higher than
obtained by culture 59 (36.8%), the reasons for this
might due to the selectivity of culture conditions
inhibition the growth of multiple species of
bacteria. This similar with Templeton.[46] Who reported
higher pathogen identification rates with the PCR
method. Also, Mustafa[47] deal with pneumonia
cases, microbial agents were detected in 39.1% and
65.2% by culture and PCR respectively. Besides,
Aydemir.[48] conducted that bacterial isolate was
detected in 62 (31.5%) by culture while in PCR
method was detected in 125 cases (63.5%).
Multiplex PCR is effective and powerful tool in clinical
microbiology and recently has been widely used to detect
bacteria and genes of interest also, from it’s advantage it
saving time, less labor and decrease the risk of
manipulation with pathogenic microorganisms for the
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long time, Multiplex PCR assay provides sensitive and
reliable results and allows for the cost-effective detection
of more than one bacterial pathogens in single reaction
tube.[49-50-51-52]
In our result, by using species specific PCR and
multiplex PCR, help us to detected and identified
Mycolpasma spp. and this finding was consistent with
many previous reports.[11-43-53]
The mPCR primer pairs must be species specific to the
genes of interest, and the PCR products must be of
different sizes.[54] (Fig. 1-6), (Fig.7).
The use of mPCR in the present study (Fig.9) based on
detection of DNA revealed detection and identifying of 6
organisms based on detection of KP16, est, 16S rRNA,
spvC, kmt1 and 16S rRNA genes which responsible for
attachment of each of Klebsiella, E. coli, Staphylococcus
spp., Salmonella, P. multocida and Mycoplasma spp.,
respectively and samples positive for all of these
bacterial pathogens produced clear agarose gel bands.
Also, as shown in (Fig.8) no cross-amplification of the 6
targets was observed with the DNA from other
pathogens (Streptococcus spp., Histophilus somni,
Shigella species and Pseudomonas spp.). Besides, mPCR
results showed that, the field samples were positive for
one or more of these organisms which was same result
obtained by single PCR, confirm that, the mPCR was a
rapid and cost-effective diagnostic tool to survey these 6
bacteria pathogens in camels at the same time in one
tube, and the performance of mPCR infield further
validates its use as an optimal tool for the 6 bacterial
pathogens. Also, it is sensitive enough to apply for
clinical evaluations. This is in agreement with other
authors.[44-45]
A novel protocol was developed to simultaneously
detect and identify P. multocida, Salmonella, and E.
coli, which are the most important bacterial pathogens,
based on the problem that similar clinical signs and
coinfections with 2 or more than 2 pathogens always
occur in camels. Numerous PCR tests have been
described for detecting each of these 6 bacterial
pathogens, separately and there is information are
available for detecting of these 6 pathogens together in a
single tube.[43-52] Our investigation showed that, mPCR
assay was a rapid and cost-effective than uniplex and this
is agreement with Hamido[52] who methane that, in a
uniplex PCR Potential problem include false negatives
due to reaction failure or false positives due to
contamination. On the other hand, mPCR has high
efficiency in which the expense of reagents and
preparation time is less in mPCR than in systems where
several tubes of uniplex PCRs are used, also multiplex
reaction is ideal for conserving costly polymerase and
templates in short supply. Beside, the quality of the
template determined more effectively in multiplex than
in a uniplex PCR reaction and the exponential
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amplification and internal standards of multiplex PCR
can be used to assess the amount of a particular template
in a sample.

8.

9.
Confirming a previous study that, camels can be infected
with 2 or more bacterial pathogens simultaneously.
Coinfection with 2 or more pathogens increases the risk
of being unable to differentiate the diseases based on
clinical signs.[57] These many infections are difficult to
diagnose Muna and Musa.[58] So, the mPCR can detect
many bacterial microorganisms at the same time in
comparison with the uniplex PCR which detect only one
bacterial microorganism, Thus, mPCR is more rapid,
cost-effective, provide more useful for clinical diagnosis
and epidemiological surveillance, the same result was
recorded by.[51]
5. CONCLUSION
The multiplex PCR method is high in performance and is
senior in the detection of multiple pathogens at the same
time and also give rapid identification of bacteria and
causative agents of infection. Therefore, we
recommended that, the widespread use of methods will
provide the success of rapid diagnoses and treatments of
respiratory infection in camels with highly specific
antibiotic.
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