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Abstract: Camel milk represents the principal milk for consumers in the arid and sub-arid areas where camels
present the main animal source. Regular consumption of camel’s milk in those areas is mainly occurred in raw
state. So the present work was planned to investigate the possibility of transmission of 3 milk borne pathogens
including Salmonella spp., E. coli and Listeria monocytogenes in a total of 185 camel’s milk samples collected
from Sinai, Aswan and Shargia Governorates. Conventional diagnosis revealed isolation and identification of
5 Salmnella spp. with special interest to presence of S. enteritidis, S. typhi S. typhimurium and S. anatum and
12 E. coli isolates, with special consideration to presence of E. coli O157:H7 and E. coli O26:HI1. Two
isolates of Listeria monocytogenes had been detected. Multiplex PCR assay found to be rapid, economic and
sensitive tool for accurate detection of the three organisms concurrently. In addition, this selected multiplex
PCR assay detected virulence genes ([nvA, Eae and Actd) of Salmonella spp., E. coli and Liseria
monocytogenes, respectively enhancing evaluation of the pathogenicity of these pathogenic strains present
in milk samples. Finally, it was concluded that for improving quality of raw camel’s milk, enhancing the milking

protocols and sanitizing programs associated with camel’s milk production should be carried out.
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INTRODUCTION

Camel milk is one of the most valuable food resources
for pastoral people in arid and semiarid areas. In the last
years milk consumption among urban population has
been increased [1, 2]. Nowadays, public health concern
associated with microbial food safety has arisen [3].
Numerous epidemiological reports proved that, non-heat
treated milk and raw-milk products represent the major
factors responsible for illnesses caused by food borne
pathogens [4]. Camel milk and meat are the principal
animal foods in arid and semi-arid areas of the African and
Asian countries [3]. FAO [5] has reported that, more than
18 million camels around the world support the survival of
millions of people.

Raw camel milk may contain microorganisms
pathogenic for man and their source may lie either within
or outside the udder. Pathogenic bacteria may present in
raw milk as a direct consequence of udder disease.
Among the organisms commonly producing mastitis is

Escherichia coli and it is pathogenic [6]. Contamination
of raw milk by pathogenic bacteria from source external to
the udder may be caused by salmonellae strains, which
produce many outbreaks of enteritis [7].
monocytogenes, Shiga toxin-producing E. coli (STEC) and
serotypes of Salmonella are considered as important food
borne pathogens [8, 9].

Listeria monocytogenes has been recognized as a

Listeria

cause of disease in humans and animals and has been
responsible for listeriosis outbreaks in past years [10, 11].
Various reports showed that Listeria spp. can be found in
dairy products [12], meat and poultry [13]. Raw milk and
dairy products made from unpasteurized milk have been
responsible for E. coli outbreaks including strain O157:H7
[14,15].

The detection methods for milk borne pathogens
generally involve: (a) colony isolation on selective media,
(b) use of biochemical tests and (c) serotyping using
antibodies against specific bacterial antigens [15, 16].
These procedures are cumbersome and time consuming.
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In certain cases, it takes several days to establish the
identity of particular bacteria. Therefore, new approaches
in milk safety are needed for fast and efficient detection of
low numbers of bacteria likely to be present in milk.
Several methods were tested in recent years to facilitate
the identification of bacteria in foods.

Molecular techniques, such as PCR, have been used
extensively for several years for identification and
characterization of bacteria in food samples including
meat and dairy products [17, 18]. However, these assays
used selective enrichment techniques to recover bacteria
in food samples and they take 48-72 hrs before the
identity of bacteria can be established.

The detection of pathogenic bacteria is a fundamental
objective of food microbiology ensuring food quality.
Regarding this, PCR technology has successfully
shortened analysis time and has been widely applied for
the detection of food borne pathogens [19]. Several of
these PCR- based methods were developed for the
detection of L. monocytogenes involving a pre-enrichment
step [20, 21].

E. coli frequently contaminates food and it is a
good indicator of fecal pollution [25-27]. Presence of
E. coli in milk products indicates the presence of
enteropathogenic microorganisms, which constitute a
public health hazard. Enteropathogenic E. coli can cause
severe diarrhea and vomiting in infants and young
children [28].

Salmonella is one of the main causes of food borne
diseases worldwide, in humans and animals [29]. The
infective dose of Salmonella can be as low as 15 to 20
cells, depending upon age and health of host. Although
most outbreaks are associated with the consumption of
egg products, there are also reports of outbreaks related
to the consumption of milk and ice cream [30]. The study
was planned to elucidate the safety status of camel’s milk
for Egyptian consumers. The study was directed to detect
specific pathogens including Salmonella spp., E. coli
spp. and L. monocytogenes by conventional and
molecular assays.

MATERIALS AND METHODS

Collection of Samples: A total of 185 raw camel milk
samples was collected from Sinai (42 samples), Aswan
(73 samples) and Sharquia (70 samples), the samples were
transported to the laboratory in an insulated ice box
without delay until being examined.
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Isolation of Salmonella, E. coli and L. monocytogenes:
It was carried out according to protocols described by
APHA [31].

Strains presenting a biochemical profile suggestive of
Salmonella were submitted to additional biochemical
tests [32]. The strains confirmed as Salmonella spp. in the
Central Laboratory of Egyptian Ministry of Health were
differentiated serologically into species and subspecies as
described by Popoff [33].

Colonies suspected to be E. coli were examined
according to Ewing [32] and Orskov and Orskov [34].
E. coli were selected for subculture and sero-grouping.
Determination of the EPEC sero-groups (O antigens and
H antigens) was performed by agglutination tests using
polyvalent and monovalent sera against O antigens
(026, 055, 082,0111, 0113, 0119, 0126, 0125, 0126,
0127, 0128, O142 and O157) and flagellar H antigens
(H1 to H 56) according to the instructions of the
manufacturer (Bio-Rad Co and Statens Serum institute,
Copenhagen, Denmark), respectively.

For testing samples for Listeria spp., 25 ml milk of
each sample was homogenized with 225 ml of enrichment
broth (Oxoid, Hampshire, United Kingdom) for 2 min.
The enrichments were incubated at 37°C for 48 hrs. A
loopful of the enrichment culture was streaked onto
Oxford Listeria spp. selective agar (Oxoid) and incubated
for 48 hrs at 37°C and examined for typical Listeria spp.
colonies.

Molecular Investigations: A volume of 500 ul of each milk
sample was extracted using Sambrook method [35] to
obtain purified DNA. The extracted samples were
amplified by multiplex PCR assay for detection of
Salmonella spp., E. coli spp. and Listeria monocytogenes
using the primers listed in Table (1).

The reaction mixture (50 pl) contained 5 pl of
extracted DNA, 1 pl of each primer (20 pmol/ul), 0.6 ul of
deoxynucleosidetriphosphate (10 mmol/L), 3 pl of 10 X
thermophilic buffer (Promega), 1.8 pl of MgCl, (25
mmol/L), 0.2 pl of Tag DNA polymerase (5 U/ul) and
complete the reaction volume using distilled water in a
0.2-ml reaction tube. Primers were synthesized by
(Metabion. GmbH, Germany) for each gene. Amplification
protocol included initial denaturation, at 95°C for 5 min
followed by 93°C for one min, 55°C for 1 min and 72°C for
one min the three steps were repeated for 39 cycle and
finally kept at 72 for 10 min. The presence of PCR
products was determined by electrophoresis of 10 pl of
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Table 1: List of the oligonucleotides primers used for multiplex PCR assay

2012

Organism Gene Primer Band Size Bp Reference

S. enterica InvA4 Sal-f: Aattatcgccacgttcgggcaa 284 Rahn et al. [36]
Sal-r: Tcgcaccgtcaaaggaacc

E. coli* Intemin Eae-f Tgcggcacaacaggeggega 629 Heuvelink et al. [37]
Eae-r Cggtcgeegeaccaggattc

L. monocytogenes Act 4 Acta-f: getgatttaagagatagaggaaca 827 Zhou and Jiao [38]
Acta-r: Tttatgtggttatttgetgte

*Enteropathogenic attachment & effacement

the DNA product in a 1.5 % agarose gel with 1 X TAE
buffer (40 mM Tris-HCI, 1 mM EDTA/L, 1.14 ml/L glacial
acetic acid, pH 7.8) at a voltage of 4 volts /cm and stained
with 0.5 mg/ml ethidium bromide and the fluorescent
bands were visualized with a UV transilluminator and
photographed. A 100-bp DNA ladder (Gibco BRL) was
used as a molecular marker.

RESULTS AND DISCUSSION

The main objectives of present study were to assess
the possible hazards that might occur as a result of
consuming raw camel’s milk (fresh milk, un-pasteurized).
So, investigations were directed with the main interest to
declare the microbial eminence of Egyptian camel’s milk
collected from three different ecological areas, that
including Sinai, Aswan and Sharqia governorates. As well
as the present study was directed to embrace detection of
3 main food borne pathogenic bacteria, Salmonella spp.,
E. coli and Listeria monocytogenes.

Although many authors described the ability of camel
milk to inhibit the growth of many bacterial spp. due to the
lytic action of lysozyme and lactoferrin contained in
camel’s milk [39, 42, 43]. Camel milk still represents a
significant source of infection for human [3, 44, 45].

Regarding to the overall prevalence of tested samples
by using bacteriological isolation and biochemical
identification, results revealed that an overall prevalence
of Salmonella Spp. (5) 2.7%, E. coli spp. (12) 6.48% and
Listeria spp. (2) 1.08 %. Regarding to locality Salmonella
Spp. was detected in a prevalence rate ranging from
2.38- 2.85% where the lowest rate was detected in Sinai
milk samples while the highest rate was detected in
Sharqia milk samples. E. coli spp. was detected in a
prevalence rate ranging from 5.71 - 7.14% where the
lowest rate was detected in Sharqia milk samples while the
highest rate was detected in Sinai milk samples. Listeria
Spp. was detected in a prevalence rate ranging from
0.00 - 2.85% where the negative results were detected in
Sinai and Aswan milk samples while the highest rate was
detected in Shargia milk samples.
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Regarding to serotypes of bacterial isolates (Table 3)
Salmonella spp., infection in camels has been reported in
various countries, including Sudan [46], USA [47] and,
more recently, from Somalia [48], Ethiopia [49], Egypt
[50-52] and UAE [53] with similar prevalence rate and
varied serotypes. While Omer and Eltinay [54], reported
that the examined samples were free of Salmonella spp.

Regarding to E. coli isolates and serovars E. coli
isolates with variable antigenic structure had been
reported by Obied and Bagadi [55] in Saudi camel’s milk.
Both Benkerroum et al. [27] and Semereab and Molla [56],
demonstrated high E. coli count for Moroccan and
Ethiopian camel’s milk, respectively. The high incidence
of E. coli serovars was detected to declare that both E.
coli O157:H7 and E. coli O26:HII to be of high
prevalence regarding to the rest of E. coli isolates. Similar
results were demonstrated by Hajian et al. [57].

Listeria monocytogenes was found to be less in
spread but had a high fatality rate. Many authors stated
that L. monocytogenes may enter the food chain through
carrier animals that shed the organism in the milk and
feces due to the microorganism resistance to adverse
environmental conditions [58, 59]. Our results revealed a
low incidence of L. momnocytogenes in Sharqia milk
samples while L monocytogenes isolation was negative in
milk samples collected from both Sinai and Aswan. In
addition, camel herds usually present in scarcity of
veterinary care [25] and lack of using appropriate
sanitizers between milking intervals, which could enhance
the microbial colonization.

Multiplex PCR assays are found to be less labor and
save time and reduce risk of manipulation with pathogenic
organisms for long time. Rapid and sensitive PCR give a
chance of covering many microorganisms in a short time
for accurate detection [37]. In the present study, multiplex
PCR assay (Table 4, Photo 1) based on detection of DNA
revealed an overall prevalence of Salmonella spp. based
on detection of /nvA4 gene responsible for attachment of
Salmonella spp. [36] was 3.24%, regarding to the locality
the highest prevalence was in Sharquia 4.2%, followed by
Aswan 2.7% and finally Sinai milk samples 2.3 %. In case
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Table 2: Prevalence of pathogenic bacteria isolated from camel’s milk samples

Total (185) Sinai (42) Aswan (73) Sharquia (70)
Positive % Positive % Positive % Positive %
Salmonella 5 2.703 1 2.381 2 2.740 2 2.857
E. coli 12 6.486 3 7.143 5 6.849 4 5.714
Listeria 2 1.081 0 0.000 0 0.000 2 2.857
Table 3: The specific incidence of pathogens isolated from camel’s milk samples
Subspecies Number Type Antigenic structure Origin
Salmonella Spp. S. enteridis 2 El 1,9,12 Sinai
El 1,9,12 Aswan
S, typhi 1 B 9,12,VI Shargia
S, typhiurium 1 B 1,4,5,12 Aswan
S,anatum 1 El 3,10 Shargia
E coli Spp. Number O antigens H antigens Origin
4 157 7 Sinai
Sharqia
Aswan
Sharqia
3 26 11 Sharqia
Sharqia
Sinai
1 113 21 Aswan
1 126 20 Sinai
1 126 20 Aswan
1 82 8 Aswan
L monocytogenes Number e Serotypes------------------- - Origin
T Aswan
------------- Sinai
Table 4: Detection of virulence genes using multiplex PCR assay
Total (185) Sinai (42) Aswan (73) Sharquia (70)
Positive % Positive % Positive % Positive %
Salmonella 6 3.243 1 2.381 2 2.740 3 4.286
E. coli 14 7.568 2 4.762 7 9.589 5 7.143
Listeria 4 2.162 0 0.00 2 2.740 2 2.857

Photo 1: Electrophoretic pattern of multiplex PCR assay
where M lane showed 100-1000 bp ladder, lane
+ve con: positive control for L. monocytogenes
ActA gene 829 bp, E. coli. Eae gene 629 bp and
Salmonella spp InvA gene 284 bp. Lanes 1-9
showed results of some camel’s milk samples
where 2&7 negative samples while 1, 3, 4, 5, 6, 8
and 9 positive sample with corresponding bands
size to each of the three organisms
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of E. coli, the overall prevalence of intemin gene
(Enteropathogenic ~ attachment and  effacement)
responsible for E. coli adherence and attachment to
intestinal epithelial cells [37] was 7.56%. Aswan milk
samples recorded the highest prevalence (7) 9.5%, then
Sharquia milk samples (5) 7.1% and Sinai milk samples (2)
4.7%. The overall prevalence of Acta A gene responsible
for cell to cell spread enhancing and establishing the
infection by Listeria monocytogenes [38], was (4) 2.16%
and the prevalence was ranging from (2) 2.8% to (2) 2.7%
in Sharquia and Aswan milk samples, respectively, while
it was negative in Sinai milk samples.

The increased level of detection using multiplex
PCR assay when compared with conventional methods
may be attributed to the high sensitivity of PCR in
addition to inhibitory effects of camel milk components
onrecovery of bacteria during isolation which is due to
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presence of high level of lactoferrin [39] and lysozyme
that may cause direct lysis of bacteria [60]. But
Polymerase chain reaction can detect DNA when either
present in low level or fragmented DNA [61, 62].

Detection of such virulence genes by using multiplex
PCR give attention to the feeding persons in raw camel’s
milk that may develop risk specially toward infant,
immune-compromised persons and aged man so they
express sever illness, So planning for pathogen detection
in foods necessitate applying a reliable methods which
is obligatory role to keep food safe for consumers.
However, peculiar characteristics of certain foods, such as
milk and dairy products can directly influence pathogens
recovery by isolation. With respect to milk in general and
camel milk specifically significant interferences in the
recovery of L. monocytogenes, Salmonella spp and E.
coli [61-63] may occur.

Based on the study findings: Almost of raw camel
milk samples were produced and handled under poor
hygienic conditions with high health risk to the
consumers. So, improving quality of raw camel milk,
require enhancing the milking protocols and sanitizing
programs should be conducted. As the camel milk may be
responsible for transmission of some health hazard
microorganisms that increase the need for highly effective
diagnostic procedures to maintain the health of milk
consumers.
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