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ABSTRACT  
 

Raw milk and soft cheese can be a major source of potentially pathogenic E. coli to human. The 
objectives of this work were to investigate the occurrence of diarrheagenic E. coli (DEC) in raw milk 
and some kinds of soft cheese retailed in Egypt and to investigate the prevalence of shiga toxin 
producing enteroaggregative E. coli (EAEC), and other DEC subtypes of the isolates. Diarrheagenic 
E. coli (DEC) as enteroaggregative (EAEC), enterohemorrhagic (EHEC), enteropathogenic (EPEC), 
enteroinvasive (EIEC), and enterotoxigenic E. coli (ETEC) was tested in 100 samples of dairy 
products, namely, raw milk (25 samples) and soft cheeses (Tallaga 25 samples, Paramely 25, and 
Kariesh 25). The DEC strains were identified using serological analysis with O and H antisera by 
means of Escherichia coli kits (Bio-Rad, France). The isolated strains were also confirmed by 
polymerase chain reaction (PCR) analysis. The DEC types were found in 6% of the tested samples. 
For raw milk, EAEC, EPEC, and EHEC were detected in 8% of the samples each. In soft cheeses, 
EAEC was found only in 4% of samples of both of Kariesh and Paramely, while EPEC (8%), EHEC 
(8%), EIEC (4%) and EAEC (8%) were found in Tallaga cheese. The most common serotypes were 
O111:H2 for EAEC, O157 H7 for EHEC, O124:H30 for EIEC, and O145: HN for EPEC. Similar 
results for DEC (6%) were obtained by PCR detection of genes pCVD432 and aggR present in EAEC, 
genes eaeA and bfpA were used for confirmation of EPEC, ipaH for EIEC, ehxA and eaeA for EHEC, 
and estA and esltB for ETEC. Shiga toxin stx1, shiga toxin stx2, or both, were detected in four out of 
the six EAEC isolated strains (66.6%), representing 4% of all the samples, using the ImmunoCard 
STAT (serology detection), and shiga toxin genes were detected by PCR (molecular detection). Other 
bacteriological criteria such as total aerobic colony count (TACC), coliform bacteria, E. coli 
O157:H7, Yersinia enterocolitica, Enterobacter spp., Klebsiella spp., Citrobacter spp., Proteus spp. 
and salmonella spp. were analyzed in EAEC-containing samples. This work highlights that raw milk, 
Kariesh, Paramely, and Tallaga cheeses retailed in Egypt are highly contaminated with DEC including 
potentially pathogenic strains imposing a public health threat. 
 
Key words: Diarrheagenic Escherichia coli, shiga toxin, virulence gene, foodborne pathogens, raw 

milk, soft cheese. 

 
Introduction 
 

Uncontrollable marketing of raw milk and soft cheeses in the Egyptian market resulted in the 
spread of many diseases and many cases of diarrhea, particularly due to the intestinal bacteria E. coli 
(Rakha et al., 1990 and El Gamal et al., 2015a).  

Escherichia coli, as a member of the family Enterobacteriaceae, represents one of the 
microorganisms commonly found in the lower intestinal tract of healthy humans and animals. Strains 
of E. coli that can cause diarrhea (diarrheagenic E. coli, DEC) fall into six major categories: 
enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 
enteropathogenic E. coli (EPEC), enteroaggregative E. coli (EAEC), and diffuse-adherent E. coli 
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(DAEC) (Xiaodong, 2010). More than 170 O serogroups and more than 60 H types are currently 
recognized. Each category of diarrheagenic E. coli comprises a separate set of O/H serotypes and has 
distinct virulence attributes resulting in distinctive clinical manifestations and characteristic 
epidemiological patterns as reported by Nataro et al., (2004). Shiga toxin-producing E. coli (STEC), 
also known as verotoxin-producing E. coli (VTEC) or enterohemorrhagic E. coli (EHEC), are 
important emerging pathogens with a strong ability to cause foodborne infections and subsequently 
severe and potentially fatal illnesses in humans, e.g., hemorrhagic colitis (HC) and hemolytic uremic 
syndrome (HUS) (Blanco et al., (2004). Recently, EAEC strains were a strong concern (Flores and 
Okhuysen, 2009 and Tozzoli et al., (2014). STEC/VTEC strains can produce two powerful cytotoxins 
called shiga toxins or verotoxins (Stx1/VT1 and Stx2/VT2), which are encoded in the genome of 
prophages. There are three subtypes of Stx1 (a, c, and d) and seven of Stx2 (a, b, c, d, e, f, and g). 
Among them, Stx2/VT2 is the most potent toxin usually associated with more serious infections 
(Gyles, 2007). Moreover, PCR technology allows for simultaneous amplification and detection of 
specific gene fragments providing immediate identification of pathogenic E. coli in contaminated milk 
and meat products. This approach is convenient when a researcher needs to use rapid and accurate 
methods for detection and to establish appropriate control measures to get rid of such microorganisms 
(Reinoso et al., (2004). 

On the other hand, Pradel et al., (2008)  indicated that a few dairy products other than cheeses, 
including cream, ice cream, yoghurt, and butter, were found to contain STEC. Nonetheless, some 
studies have shown that STEC isolates from dairy products differ from the classical pathogenic 
genotypes by harboring stx1 rather than stx2. Recently, in Egypt, El Gamel et al., (2015a and b) found 
STEC and Enterobacteriaceae in hospitalized diarrheal children and in retailed raw meat, respectively.  

The presence of foodborne pathogens in raw milk may increase the risk of both pathogen 
transmission and ingestion of harmful toxins (Oliver et al., 2005 and Amal, 2014). 

Therefore, the aim of this work was to study the prevalence of DEC and EAEC shiga toxin-
producing strains in particular, in raw milk and milk products, namely Kariesh, Paramely, and Tallaga 
cheeses retailed in Cairo and Giza areas, as well as the association with other Enterobacteriaceae. In 
addition, we conducted analyses of the prevalence of EAEC, shiga toxin-producing EAEC, and other 
DEC subtypes in milk and dairy products by biochemical, serological, and genotypic methods. 
 
Materials and Methods  
 
Collection of samples:  

 

A total of 100 dairy samples including raw milk (25 samples), Kariesh (25 samples), Paramely 
(25), and Tallaga (25) cheeses were randomly collected during 1 year from different localities and 
markets of Cairo and Giza areas. 
 
Sample preparation: 

 

The methods described by the FDA (2002) were followed for sample preparation as follows:  
 

 -Raw-milk samples: 
 

From each raw-milk sample, 25 mL were mixed with 225 mL of enrichment broth: buffered 
peptone water (BPW). One milliliter from each raw-milk sample was diluted in 9 mL of sterilized 
saline.  
 

-Cheese samples: 
 

From each cheese sample, 25 g were ground in a sterile mortar for 2 min with 225 mL of 
enrichment broth (BPW). Dilution 1:10 was prepared, and then serial dilution in sterile saline was 
carried out. 
 

Isolation and identification of E. coli: 
 

Enrichment broth samples were incubated at 37 °C for 24 h and streaked onto a selective 
medium: Levine eosin methylene blue (EMB) agar (Becton Dickinson, Sparks, MD, USA). Suspected 
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E. coli colonies were streaked onto MacConkey agar (Becton Dickinson) after 24 to 48 h of 
incubation at 37 °C. Putative E. coli colonies were picked and tested by means of IMVic tests, as 
traditional methods, for identification and confirmation (Edwards and Ewing, 1972 and FDA, 2002). 
The E. coli isolates were stored in broth supplemented with 5% glycerol at 70 °C until use for further 
assays (Iseri et al., 2011). 
 
Biofilm assay: 

 
Bacterial clump formation in liquid cultures was examined as a rapid test for EAEC. This 

convenient test is based on the biofilm formation by EAEC. To assess biofilm formation by the 
isolated strains, the method, reagents, and screening in 96-well flat-bottom microtiter polystyrene 
plates were the same as those described elsewhere (Albert et al., 1993 and Kawano et al., 1998) 
 
Rapid biochemical identification of E. coli and Enterobacteriaceae: 

 
Biochemical identification of E. coli isolates and other Enterobacteriaceae was also carried out 

using rapid test kits, Hibio-ID and Hi25tm (Enterobacteriaceae identification kits KB003, the vendor 
is HiMEDIA laboratories Pvt. Ltd., A-406 Bhaveshwar Plaza, Mumbai-400 086, India) instead of the 
traditional methods. 
 
Serotyping of EAEC and other DEC : 

 
The biochemically identified E. coli strains (isolates) were confirmed by serological typing using 

O and H antisera. A slide agglutination test was performed using an O antiserum and Escherichia coli 
kits (Bio-Rad, France): polyvalent and trivalent sera against E. coli serogroups. The test is based on 
agglutination (by specific antisera) of bacteria possessing the corresponding antigens. H agglutination 
of formalin-killed culture was tested as follows: agglutination in a microtiter plate of formalin-killed 
culture using H antisera (E. coli antiserum H Pool 5 Kits) was used for detection of serotype H of the 
isolated E. coli strains according to the supplier’s instructions (SSI Diagnostica, 2Herredsvejen – 
Denmark, 3rd Edition). 

 
PCR identification of EAEC, shiga toxin detection, and identification of other DEC during screening 
for virulence genes: 

 
The PCR methods (Schmidt et al., 1995; Pal et al., 1999; Yu and Kaper, 1992 and Sethabutr et 

al., 1993) were used to screen isolates of E. coli for genes associated with DEC. These genes included 
pCVD432 and aggR, specific for EAEC; eaeA and bfpA, for EPEC; stx1 and stx2, for Shiga-like toxin 
1 (SLT-1) and Shiga-like toxin 2 (SLT-2); ipaH, for EIEC; ehxA and eaeA, for EHEC; and estA and 
esltB, for ETEC. The primer sequences, the size of the DNA fragments produced, and PCR conditions 
are described in Table 1. The amplification of bacterial DNA was carried out using 2.5 μL of a DNA 
template in 50 μL of a reaction mixture containing 3 μM MgCl2, 400 μM each dNTP, 10 μL 5 Green 
Go Taq Flexi buffer (Promega, Madison, WI, USA), 2.5 U Go Taq Flexi DNA Polymerase 
(Promega), 2 μL of each primer (10 μM), and sterile water. The PCR was conducted according to the 
program in the thermal cycler (Bio-Rad, Singapore). A 10-μL aliquot of each reaction mixture was 
subjected to electrophoresis in a 2% agarose gel, followed by visualization using a UV 
transilluminator. A 1-kb DNA ladder (Invitrogen®) was loaded onto each gel. 

 
Shiga toxin production test: 

 
E. coli strains were tested for shiga toxin production using the ImmunoCard STAT EHEC kit 

(Meridian Bioscience, Inc., USA). This is a rapid test for detection of shiga toxin production by 
E. coli and for discrimination of the two types of shiga toxin (ST1 and ST2) in broth methods. In 
addition, shiga toxins 1 and 2 were genotyped for detection by PCR methods as described above for 
PCR identification of EAEC, Shiga toxin detection, and identification of other DEC during screening 
for virulence factors (genes). 
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EAEC in association with Enterobacteriaceae and other bacteriological criteria: 
 
The presence of EAEC in milk and soft cheese samples was studied in association with other 

bacteriological criteria such as total aerobic colony count (TACC) and the presence of 
Enterobacteriaceae, such as coliform bacteria, Yersinia enterocolitica, Salmonella spp., Citrobacter 
spp., Klebsiella spp., Proteus spp., and Enterobacter spp. as follows. 
 
Table 1: PCR primer sequences for detection of different virulence-associated genes in E. coli. 

Target gene 
Primer pair (5`- 3`) PCR condition for 35 cycles a 

Size 
(bp) 
 

Reference 

ehxA 
 

GCATCATCAAGCGTAGCTTCCAATG
AGCCAAGCTGGTTAAGCT 

1 min 94°C, 1min 55°C, 1 min 
72°C 

534 
 

Paton and 
Paton, 1998 

pCVD432 
CTGGCGAAAGACTGTATCATCAAT
GTATAGAAATCCGCTGTT 

1 min 94°C,  1 min 55°C, 1 min 
72°C 

632 
 

Schmidt et 
al.,1995 

aggR 
CTAATTGTACAATCGATGTAATGAA
GTAATTCTTGAAT 

1 min 94°C,1 min 42°C, 1 min 
72°C 

308 
Nataro et al 
1994 

eaeA 
AAACAGGTGAAACTGTTGCCCTCTG
CAGATTAACCCTCTGC 

1 min 94°C, 1min 52°C, 1 min 
72°C 

454 
 

Yu and 
Kaper, 1992 

bfpA 
AATGGTGCTTGCGCTTGTGCGCCGC
TTTATCCAACCTGGTA 

1 min 94°C, 1min 60°C, 1 min 
72°C 

326 
 

Gunzburg et 
al., 1995 

esltB 
GGCGACAGATTATACCGTGCCGGT
CTCTATATTCCCTGTT 

1 min 94°C, 1min 53°C, 1 min 
72°C 

402 
 

Aranda et 
al., 2004 

estA 
ATTTTTMTTTCTGTATTRTCTTCACC
CGGTACARGCAGGATT 

1 min 94°C, 1min 60°C, 1 min 
72°C 

133 
 

Aranda et 
al., 2004 

ipaH 
GTTCCTTGACCGCCTTTCCGATACC
GTCGCCGGTCAGCCACCCTCTGAGA
GTAC 

1 min 94°C, 1min 52°C, 1 min 
72°C 

619 
 

Sethabutr et 
al., 1993 

stx1 
CAACACTGGATGATCTCAGCCCCCT
CAACTGCTAATA 

1 min 94°C, 1min 55°C, 1 min 
72°C 

350 
 

Pal et al., 
1999 

stx2 
ATCAGTCGTCACTCACTCACTGGT 
CTGCTGTCACAGTGACAAA 

1 min 94°C, 1min 55°C, 1 min 
72°C 

110 
 

Pal et al., 
1999 

a For all PCR conditions, an initial denaturing step of 95 °C for 5 min and a final extension step of 7 min at 72 °C were 
performed.  

 

Total aerobic colony count (TACC): 
 
This assay was carried out by the conventional method (FDA, 2002) using plate count agar 

(Oxoid). 
 

Enumeration of coliform bacteria and E. coli: 
 
The coliform group cells were counted using the solid medium method in plates of violet red bile 

agar (VRBA) according to the method reported by the FDA (2002). Suspected colonies were 
transferred (loopful) into tubes of MacConkey broth (Oxoid, England). Positive acid and gas tubes 
were further transferred into EC broth. Positive tubes were streaked onto MacConkey agar (Merck, 
Germany) according to APHA (1976) and subjected to the IMViC test for typical E. coli and other 
coliform bacteria. 
 
Isolation and identification of Salmonella: 

 
Milk or cheese samples (25 g or mL) were transferred into 225 mL (9-fold volume) of lactose 

broth, which in turn was transferred after incubation into 10 mL of selenite cysteine broth (SC) 
(Oxoid), which was incubated at 37 C for 72 h. Plates of Salmonella & Shigella agar (SS agar) 
(Oxoid) were streaked every day (for 3 days) and incubated at 37 C for 24 h (FDA, 2002). Suspected 
colonies of Salmonella spp. were biochemically and serologically identified according to FDA (2002) 
and APHA (1976). 
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Detection of Y. enterocolitica: 
 
Milk or cheese samples (25 g or mL) were transferred into 225 mL (9-fold volume) of peptone 

sorbitol bile broth (PSBB; M120; Oxoid). After incubation, 0.1 mL of PSBB was spread onto the 
surface of a Yersinia selective agar medium (Oxoid code CM653) supplemented with a Yersinia 
selective supplement (SR 109) FDA (2002). 

 
Isolation and identification of other Enterobacteriaceae: 

 
Isolation and identification of Citrobacter spp., Klebsiella spp., Proteus spp., and Enterobacter 

spp. were carried out using the methods and media outlined by the FDA (2002). 
 
Statistical analysis: 

 
Statistical analyses were performed using the GLM procedure in the SAS (2004) software. 

Duncan’s multiple-comparison procedure was used to compare the means. A probability (P) of ≤0.5 
was used determine statistical significance. 
 
Results and Discussion 

 
Enteroaggregative E. coli (EAEC), as target pathogenic strains among the other diarrheagenic E. 

coli (DEC), were tested in 100 dairy samples, namely, raw milk (25 samples) and cheese varieties 
(75) (Kariesh cheese 25 samples, Paramely cheese 25, and Tallaga cheese 25) retailed in Cairo and 
Giza areas.  

The results reported in Table 2 reveal that EAEC were isolated and biochemically identified in 
raw milk samples at a rate of 2/25 (8%). Typically, a similar result was obtained in Tallaga cheese 
samples. In the tested samples of Kariesh and Paramely cheeses, EAEC were isolated from in 1/25 of 
samples of each product (4% each). 
 
Serological typing: 
 

Results in Table 2 show that biochemically identified EAEC isolates were further tested using 
serological assay with O somatic cells and H flagella cells by means of antiserum Escherichia coli 
kits (Bio-Rad, France). In raw milk samples, two EAEC strains were serotyped as EAEC O111:H2 
(8.0%). In addition, two EAEC strains from Tallaga cheese were serotyped as EAEC O126: H7 and 
O111:H2 (8.0%). One strain each from Kariesh cheese samples and Paramely cheese samples was 
serotyped as EAEC O111:H2 (4.0%) and EAEC O125:H6 (4.0%), respectively. The results indicated 
that EAEC O111:H2, among EAEC strains, was the most prevalent strain in milk and milk products, 
showing 4/6 (66.6%) prevalence against 1/6 (16.6%) prevalence for O125:H6 and O126:H7 strains 
each. 

As for EAEC in Kariesh cheese, the current results are in agreement with the findings of Farhan 
et al., (2014), who studied DEC in milk and milk products in Ismailia governorate and found that 
three EAEC strains out of 100 Kariesh cheese samples were EAEC O44:K74. On the other hand, the 
current results contradict the findings of Farhan et al., (2014) on EAEC in milk samples because the 
100 raw milk samples were free of EAEC strains but contained other DEC strains. High prevalence 
was registered by Paneto et al., (2007), who revealed that 21.66% of the E. coli strains isolated from 
raw milk and unpasteurized cheeses were serotyped as EAEC and EAEC with shiga toxin type 1 
(EAEC stx1) and EAEC with shiga toxin type 2 (EAEC stx2). Furthermore, results on EAEC O111: 
H2 strains in Tallaga, Kareesh cheeses, and EAEC O125: H6 in Paramely cheese samples, in the 
present study were in agreement with the data of Paneto et al., (2007), who studied the incidence of 
pathogenic E. coli in raw milk cheese in Brazil. The isolates were serotyped and found to be EAEC 
O125 (6.0%), EAEC O111 (4.0%), EAEC O55 (2.0%), and EAEC O119 (2.0%). Moreover, similar 
results were reported by Araujo et al., (2002), who found that O111 and EAEC O119 can be 
recognized as important pathogens in soft cheese samples in Spain, but higher prevalence was 
reported by Vernozy-Rozand et al., (2005) in French cheese (13.0%). Deschenes et al., (1996) 
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reported that E. coli contamination occurs at some point during cheese production and processing. 
The most recent serotype according to some studies (Frank et al., 2011 and WHO, 2012) is EAEC 
O104:H4, which was not found in milk and milk products in the present study. After a thorough 
investigation of possible sources of infection, it was determined that this strain originated in 
contaminated sprouts. 
 
Table 2: Incidence and serological identification of diarrheagenic E. coli isolated from milk and soft cheese 

samples. 

Samples types 
No. of analyzed 

samples 

DEC 
Strain serotype No. of positive 

samples 
% of positive 

samples 

Raw milk samples 25 2 8 

O157:H7 and 
O26:H11(EHEC) 
O55:H6 (EPEC) 
O111:H2(EAEC) 

Kariesh cheese 
samples 

25 1 4 
O111:H2(EAEC) 

Paramely cheese 
samples 

25 1 4 
O125:H6(EAEC) 

Tallaga cheese 
samples 

25 2 8 

O142:H6 and 
0157:H7(EHEC) 
O91:HN, O145:HN 
(EPEC) 
O124:H30 (EIEC)* 
O111:H2, & 
O126H7(EAEC) 

All samples 100 6   
*EIEC was serotyped as O124:H30 only in one sample of Tallaga chesse (4%). 

 
Molecular identification by PCR analysis: 

 
The six strains that were serotyped as EAEC were confirmed by PCR analysis. Table 3 shows 

that they were positive for pCVD432 and aggR genes. Besides, Figure 1 shows that six strains of 
EAEC were positive for pCVD432 and aggR virulence genes, yielding amplicons of 632 and 300 bp, 
respectively.  
 

Table 3: Genotype analysis of virulence genes of diarrheagenic E. coli strains in milk and some milk products. 

Sample type 
EHEC marker 
genes (eaeA 
and ehxA) 

EPEC 
marker gene 

(bfpA) 

EIEC marker 
gene 

(ipaH) 

ETEC 
marker genes 

(estA and esltB) 

EAEC 
marker 
genes 

(pCVD432 
and aggR) 

Raw Milk 2 2 0 0 2 
Kariesh cheese 0 0 0 0 1 
Tallaga cheese 2 2 1 0 2 
Paramely cheese 0 0 0 0 1 
Total 4 4 1 0 6 

 

On the other hand, by means of PCR for the detection of virulence genes pCVD432 and aggR 
(genes specific for the EAEC group), the six strains were identified as EAEC: no difference with the 
serotyping results. In addition, Caine et al., (2014) reported that EAEC was isolated on dairy farms 
and aggR was detected by PCR in five (10%) isolates. Moreover, our genotyped EAEC strains are 
similar to those reported by Mojtaba et al., (2014), who isolated E. coli strains from raw milk and 
unpasteurized cheeses and subjected them to PCR for detection of virulence genes. They found that 
out of the 120 analyzed strains from milk and cheese, 10% harbored a gene of enteroaggregative shiga 
toxin 1 or 2 (EAST1 or 2) and 10% contained both enteroaggregative shiga toxin 1 (EAST1) genes 
and enteroaggregative stable toxin (STb). 
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          1         2          3          4         5         6          7         8          9       10         11      12       13       14      

 

 
Fig. 1: Agarose gel electrophoresis shows genes aggR and pCVD432 specific to EAEC in dairy products. The 

first half includes the aggR gene at 300 bp, and the second half includes the pCVD432 gene at 632 bp. 
Lane 1, DNA ladder; Lanes 2 and 3 include EAEC isolated from raw milk, which contains two aggR 
genes and two pCVD432 genes so it contains 4 bands. Lane 4 includes EAEC isolated from Kareesh 
cheese, contains one aggR and one pCVD432 gene so it contains 2 bands. Lane 5 includes EAEC 
isolated from Paramely cheese and Lanes 6 and 7 include 2 EAEC strains isolated from Tallaga cheese 
and contain 3 aggR and 3 pCVD432 genes so they contain 6 bands appearing on the agarose gel. 

 
EAEC shiga-toxin producing strains in milk and soft cheese: 
 

EAEC strains that were isolated from raw milk and different varieties of soft cheeses, serotyped 
as either the O or H group and confirmed by PCR analysis, were subjected to other tests to determine 
whether any of these strains could produce shiga toxins (Table 4). Hence, testing for shiga toxin 1, 
shiga toxin 2, or both was conducted with the ImmunoCard STAT kit (serology detection), and the 
shiga toxin gene was probed using PCR (molecular detection). 
 
Shiga toxin serological detection: 

 
Results in Table 4 revealed that among the six EAEC strains, one strain (EAEC O111:H2), 

which was isolated from Kariesh cheese samples, produced shiga toxin 1 (stx1) (1/6 or 16.6%). As to 
shiga toxins 1, 2 (stx1, 2), three EAEC strains (O111:H2) were able to produce both. Two strains were 
isolated from milk samples (2/6 or 33.3%), and one strain was isolated from Tallaga cheese (1/6 or 
16.6%). On the other hand, EAEC strains (O125:H6 and O126:H7) did not produce this toxin. 
Generally, among our 100 milk and soft cheese samples, one sample (1/100 or 1%) contained a stx1 
producer strain and 3/100 (3%) contained a stx1+stx2 producer strain. Among the six EAEC strains, 
one strain (1/6 or 16.6%) produced stx1 and three strains (3/6 or 50%) produced both stx1 and 2. 

 

Shiga toxin molecular detection: 
 
The PCR methods were also used for detection of stx1 and stx2 genes among EAEC strains that 

were serologically detected. Only three out of four strains of EAEC isolated from raw milk and 
Kariesh and Tallaga cheese samples were positive for stx1 and stx2 genes. As depicted in Figure 2, 
four strains of EAEC tested positive for the stx1 gene, with an amplicon of 350 bp. As shown in 
Figure 3, three strains of EAEC were positive for the stx2 gene, with an amplicon of 110 bp. 

 

500 

400 

300 

200 

 

pCVD 432 632 bp 

aggR 300 bp, 
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Table 4: Incidence and frequency distribution of shiga toxin-producing EAEC in raw milk and some soft 

cheeses. 
Type of 
positive 
samples 

shiga toxin- 
producing 

Strain Type 

Type of shiga toxin Toxin prevalence 
within EAEC 

Total toxin 
prevalence 

Stx1 Stx2 Stx1&2 Number % Number % 
Raw milk 
samples 

O111:H2 - - + 2/6 33.3 % 2/25 
8 

Kariesh 
samples 

O111:H2 + - - 1/6 16.6 % 1/25 
4 

Tallaga 
samples 

O126:H7 
O111:H2 

- 
- 

- 
- 

- 
+ 

0/6 
1/6 

0 % 
16.6% 

0/25 
1/25 

0 
4 

Paramely 
samples 

O125:H6 - - - 0/6 0 % 0/25 
0 

Total 4/100 1/100 
 

0/100 
 

2/100 4/6 (66.6%) 4/100 4 

(-) means negative, (+) positive 
 
 
     1     2         3      4      5      6       7      8      9     10      11   12     13    14    15    16    17     18    19 

    
 
Fig. 2: Agarose gel electrophoresis shows the stx1 gene in different products. Lane 1, DNA ladder; Lanes 2–6, 

dairy product samples (Lanes 3, 4, 5, and 6 include EAEC stx1 strains isolated raw milk and Kareesh 
and Tallaga cheese samples, respectively; thus, they contain 4 bands appearing on the agarose gel. 

 
The STEC strains are considered some of the major foodborne disease agents affecting humans 

worldwide. STEC strains are also called verotoxin producer E. coli strains (Al-Zogibi et al., 2015). 
These strains can be subdivided into more than 200 E. coli serotypes; stx1 and stx2, which share 56% 
homology, represent the two major types of shiga toxins (STEC) ) (Paton and Paton, 1998). Genetic 
variants have been detected within members of the stx1 and stx2 families, and a growing number of 

350 bp 
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toxin types have been defined according to differences in toxicity, toxin receptor, and amino acid 
sequence (Paton and Paton, 1998 and Scheutz et al., 2011).  
 

 1                2          3          4          5          6          7          8           9        10          11       12         13 

 
 
Fig. 3: Agarose gel electrophoresis shows the stx2 gene in dairy products. Lane 1, DNA ladder; Lanes 2–6, 

dairy product samples (Lanes 2, 3, and 5 include the EAEC stx2 strain isolated from raw milk and 
Tallaga cheese; thus, they contain 3 bands appearing on the agarose gel). 

 
Strain O111:H2 showed the highest prevalence among EAEC shiga toxin strains in our milk and 

soft cheese samples. EAEC O111:H2 that were isolated from raw milk and Tallaga cheese produced 
shiga toxins of types 1 and 2 (stx1, 2). In contrast, the EAEC O111:H2 strain that was isolated from 
Kareesh cheese samples produced shiga toxin of type 1 (stx1). EAEC strains O126:H7 and O125: H6, 
which were isolated from Tallaga and Paramely cheese samples, did not produce a shiga toxin. Our 
results are in agreement with those of Rey et al., (2006), who examined 502 dairy products in 
Extremadura, and STEC strains were detected in 39 (11%), four (4%) and two (5%) of the samples 
from the bulk tank, fresh cheese curds, and cheese, respectively. A total of nine STEC strains 
serotyped as O27:H18, O45:H38, O76:H19, O91:H28, O157:H7, ONT: H7, ONT: H9 and ONT: H21 
were reported. On the other hand, higher prevalence was reported by Bandyopadhyay et al., (2012), 
who isolated 31 STEC and six EPEC strains/isolates from 87 raw milk samples. Our results contradict 
those of Al-Zogibi et al., (2015), who reported that the bacteriological and serological examination of 
strains of E. coli serovars, which were also genetically examined by multiplex PCR, revealed that 
serotypes of E. coli recovered from milk samples produced shiga toxin type 2 (stx2), and genetically, 
amplification of a 255-bp fragment of the shiga toxin type 2 gene was successful in 58 (67.44%) 
serotypes.  

Besides, in the present study, EAEC were found to produce shiga toxin with a prevalence rate of 
4% among all samples and 66.6% among all EAEC strains. These results are similar to those reported 
by Altalhi and Hassan, (2009), in Saudi Arabia. They found that stx1 and stx2 genes of E. coli strains 
were detected in 3% and 6.1% of raw milk samples, respectively. Moreover, Beutin et al., (2007) 
found that 58 (67.44%) of the foodborne STEC strains carry shiga toxin (stx1 and stx2) genes, as an 
indicator of potential high virulence of STEC for humans. Most of these STEC strains belonged to 

110 bp 
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serotypes associated with severe illnesses in humans, e.g., O22:H8, O91:H21, O113:H21, O174:H2, 
and O174:H21.  

Here, molecular PCR testing for the stx1 and stx2 genes in EAEC isolates revealed that out of six 
EAEC strains, one strain yielded positive results on the stx1 gene (16.6%), and three strains tested 
positive for stx1 and stx2 genes (50%). Moreover, the obtained results showed that this frequency is 
higher than that reported by Farhan et al., (2014), who isolated only one STEC strain from milk 
samples (10%) and this strain tested positive for the stx1 gene. On the other hand, the prevalence in 
our study is lower than that reported by Brett et al., (2003), who found that the stx1 gene is associated 
with sheep and goats as an animal reservoir, and eight of 24 (33.3%) samples containing stx1 
originated from meat products, sheep milk, and goat cheese. Recently, Ching et al., (2015) developed 
a sensitive and rapid method, namely, a lateral flow assay (LFA) for detection of stx1 and stx2 
variants produced by STEC bacteria directly in their culture supernatants. This technique was 
successful at detecting stx1 and stx2a production in milk samples by strains O26:H11 and O157:H7, 
respectively. Moreover, shiga toxin results in the current study are similar to those published by 
Mojtaba et al., (2014), who found that among bacteria in different milk and cheese samples, 10% 
harbor enteroaggregative shiga toxin 1 and 2 genes (EAST1 and -2) and 10% contain both genes of 
enteroaggregative shiga toxin 1 (EAST1) and stable toxin (STb). In contrast, our results are not 
consistent with the findings of Farhan et al., (2014), who reported that two isolated strains (20%) 
carry the stx2 gene in cheese samples. 

 
DEC in milk and soft cheese: 

 
Aside from EAEC strains and EAEC shiga toxin-producing strains, there were other important 

and recently emerging pathogenic strains belonging to DEC, namely, EHEC, EPEC, EIEC, and 
ETEC. The DEC strains were also serologically identified using O and H antisera by means of 
Escherichia coli kits (Bio-Rad, France) and molecularly confirmed by PCR. Results on the incidence 
of other DEC subtypes in milk and soft cheese samples are shown in Tables 2 and 3 as discussed 
below. 

  
Serological detection:  

 
Results in Table 2 reveal that DEC was detected in 6% of all samples. Regarding EHEC, two 

raw milk samples (8%) were found to contain O157:H7 and O26:H11. In addition, Tallaga cheese 
samples (8%) contained two EHEC strains, namely, O142:H6 and O157:H7. Based on these results, 
EHEC strains were present in 4% of all samples. Regarding EPEC strains, they were isolated from 4% 
of all the samples. To be precise, the O55:H6 strain was isolated from two raw milk samples (8%), 
whereas 091: HN and O145: HN strains were detected in two samples (8%) of Tallaga cheese. In 
addition, only one EIEC strain (O124:H30) was detected in one sample of Tallaga cheese (4%), 
representing 1% of all samples. On the other hand, Kariesh and Paramely cheese samples were free 
from DEC, other than EAEC. 

  
Molecular detection: 

 
To detect EPEC group members among DEC strains molecularly, PCR was applied to detect the 

presence of EPEC virulence genes: eae and bfpA marker genes were used. Genes estA and esltB were 
used as marker genes for the ETEC group, and the ipaH gene was used as a marker gene for detection 
of the EIEC group. Finally, the eaeA and ehxA genes were used to detect the EHEC group. Results in 
Table 3 indicate that four strains tested positive for eaeA and ehxA genes specific for the EHEC 
group, two of them were from raw milk and the other two strains came from Tallaga cheese samples 
(Figure 4).  
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Fig. 4: Agarose gel electrophoresis shows eae and ehxA genes: markers of EHEC in different products. Lane 1, 

DNA ladder in the first and second half; Lanes 2, 3, 4, and 5 in the first and second half include EHEC 
strains in dairy products (two strains from raw milk and two strains from Tallaga cheese; thus, they 
contain 8 bands). 

 

 
 

Fig. 5: Agarose gel electrophoresis shows the ipaH gene: marker of EIEC in different products. Lane 1, DNA 
ladder; Lane 2 includes the EIEC O124:H30 strain isolated from Tallaga cheese; thus, it contains one 
band. 
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Fig. 6: Agarose gel electrophoresis shows bfpA and eaeA genes: markers of EPEC in different products. The 

first half (bfpA gene) and the second half (eaeA gene): Lane 1 DNA ladder in the first and second half; 
Lanes 2, 3, and 5 in the first half and Lanes 2, 3, and 6 in the second half include EPEC strains isolated 
from milk and Tallaga cheese samples; thus, they contain 6 bands appearing on the agarose gel. 

       
Besides, one strain isolated from Tallaga cheese samples was positive for the ipaH gene specific 

for the EIEC group (amplicon size 619 bp; Figure 5). Furthermore, four strains tested positive for 
genes bfpA and eae specific for the EPEC group (yielding amplicons of 326 and 454 bp); they were 
isolated from milk and Tallaga cheese samples, respectively (Figure 6). Hereupon, the PCR molecular 
detection confirmed the presence of pathogenic E. coli (DEC, 6%) strains isolated from milk and soft 
cheese samples similarly, in agreement with the results of serological detection. 

Our results are compatible to the findings reported by Al-Zogibi et al., (2015), who recovered 
E. coli from 86 milk samples (15.93%); these isolates were found to be EHEC and EAEC. Regarding 
the first group, they were serotyped as EHEC O157:H7 (4.26%), whereas EAEC strains were found to 
be O111:H2 (3.70%), O113:H21 (1.85%), O22:H8 (1.33%), and O172:H21 (1.3%). As an emerging 
pathogen, EHEC caused two outbreaks (linked to contaminated cheeses) that were reported in France, 
one was associated with consumption of unpasteurized goat’s cheese contaminated with EHEC 
O157:H7, resulting in two cases of HUS. The other was attributed to cheeses contaminated with 
EHEC O26 (Espie et al., 2006).  

Besides, gene detection showed that four samples are positive for virulence genes eaeA and 
ehxA specific for the EHEC group: two strains from Tallaga cheese samples and two strains from raw 
milk samples. The present results contradict the findings of Farhan et al., (2014), who did not detect 
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the ehxA gene in the examined isolates from milk and milk products. Nonetheless, our results are 
similar to and consistent with those reported by Paton and Paton, (1998) and Dastmalchi and 
Ayremlou, (2012). Nonetheless, higher prevalence was reported by Bandyopadhyay et al., (2012), 
who detected eaeA and ehxA genes in 14 EHEC isolates from raw milk samples.  

EPEC are a well-known prominent cause of diarrhea, particularly in children in less developed 
countries (Tennant et al., 2009). In this regard, our results show that four EPEC strains were also 
isolated from milk and dairy products—serotypes O55:H6, O91: HN, and O145: HN—that are 
considered emerging pathogens. The presence of the EPEC group in milk seems to vary among 
regions.  Aleixo and Aver (1996) and Adesiyun et al., (1997) have detected EPEC strains in 25% and 
27.7% of milk and bulk milk samples, respectively. These prevalence data are in agreement with 
those reported by Holko et al., (2006) and Altalhi and Hussen (2009). One strain from the EIEC 
group, serotyped as O124: H30 is reported in our results. These variations may be due to geographical 
locations, seasons, farm size, hygiene status, farm management practices, variation in sampling, 
variation in types of samples evaluated, and differences in detection methods (Mohammadi and Abiri, 
2013). Cattle play an important indirect role in the spread of DEC and STEC because of infections 
that are transmitted to raw milk via bladder or handling contamination (Mora et al., 2011). 

Furthermore, genotype identification revealed that four strains—two strains from raw milk and 
the others from Tallaga cheese samples—tested positive for genes eaeA and bfpA: the markers of 
virulence in the EPEC group. Higher prevalence data were obtained by Bandyopadhyay et al., (2012), 
who isolated six EPEC (carrying the bfpA gene) from raw milk samples. These six EPEC isolates 
were distributed within five serotypes, namely, O13, O97, O104, O113, and O146, whereas one was 
not typed. The gene eaeA encoding intimin (an outer-membrane protein) was detected; this finding 
corroborates the data from Cobbold et al. (2008) and Pradel et al. (2008), who also detected gene 
eaeA in strains isolated from raw cow milk and dairy products in large numbers.  

Furthermore, in the PCR analysis for the confirmation of serologically detected DEC strains, 
one strain tested positive for the ipaH gene marker of the EIEC group (1%), isolated from Tallaga 
cheese. In this regard, our results showed lower prevalence than that observed by  Caine et al. (2014), 
who reported that the ipaH gene was amplified from four (8%) and two (5.4%) isolates from dairy 
products and farms, respectively. They determined that food and water are implicated in the 
transmission of EIEC. On the other hand, Todar, (2008) observed that when this EIEC organism is 
ingested, invasion of (and adhesion to) the epithelial cells in the intestine (mediated by the ipaH gene) 
takes place, and signs of the illness appear. For enterotoxigenic E. coli, both serological and genetic 
detection failed to prove their presence in any milk and dairy product samples, and the isolated and 
tested strains of DEC yielded negative results for genes estA and esltB, which are markers for the 
ETEC. Nonetheless, the current results agree with the data of Bandyopadhyay et al., (2012) who 
found that none of the isolates were positive for estA and esltB genes; thus, milk and dairy product 
samples were free from ETEC strains. 
 
Association of EAEC with other foodborne Enterobacteriaceae in milk and soft cheese 
 

The existence of foodborne pathogens in raw milk may increase the risk of ingestion and 
transmission of foodborne pathogens through milk and dairy products and subsequently the risk of 
ingestion of harmful toxins (Amal, 2014). Thus, the current study is also focused upon the presence of 
foodborne pathogens in association with the presence of EAEC in milk and soft cheese. To be precise, 
our bacteriological criteria included TACC, coliform bacteria, E. coli O157:H7, Y. enterocolitica, 
Enterobacter spp., Klebsiella spp., Citrobacter spp., Proteus spp., and Salmonella spp.  

Results in Table 5 show that two out of the 25 samples of raw milk (Rm1 and Rm2) that were 
positive for EAEC, yielded TACC of 7.13 and 6.14 log cfu/mL and showed coliform bacteria at 4.2 
and 4.3 log cfu/ml, respectively. 

Yersinia  enterocolitica was isolated from one of raw milk samples (Rm1/25) showing a 3.6 log 
cfu/mL; besides, Proteus spp. and Enterobacter spp. yielded 2.2 and 4.6 log cfu/mL, respectively. 
Klebsiella spp., Citrobacter spp., and E. coli O157:H7 were isolated from the other raw milk sample 
(Rm2) showing 3.69, 2.0, and 2.0 log cfu/mL, respectively. In addition, Salmonella spp. was detected 
in the raw milk sample Rm2. Statistical analysis revealed that the means with the same letter are not 
significantly different (p ≤ 0.05), whereas values are expressed as means ± standard error. Our results 
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agree with the findings of Singh et al., (2011), who isolated Proteus, Salmonella, and E. coli as 
common pathogens from 100 milk samples. The prevalence of the recovered isolates was E. coli 
32.14%, Salmonella spp. 21.4%, and Proteus spp. 17.8%. Besides, Ibtisam et al., (2009) isolated E. 
coli (16.66%), Citrobacter kasseri (20%), Klebsiella aerogenes (6.66%), Pseudomonas aeruginosa 
6.66%), and Proteus mirabilis (3.33%). These results are similar to those obtained by Muhamed et al., 
(2010), who isolated Salmonella spp. (4%), E. coli (10%), and some other bacteria (8%). Raw milk 
consumption is considered potentially hazardous as it is handled in Egyptian markets (and is favored 
by many Egyptians) and causes several types of infection including that involving diarrheagenic E. 
coli (Rakha et al., 1990 and El Gamal et al., 2015a). 
 
Table 5: Association of enteroaggregative E. coli (EAEC) with other Enterobacteriaceae foodborne bacteria in 

milk and soft cheeses. 

Sample 
type 

EAEC 
positive 
sample 

/ 
Total 

samples 

Food borne microorganisms from Enterobacteriaceae T
otal aerobic colony 

coun
t (T

A
C

C
) 

L
og

 cfu/m
l o

r gm
 

P
roteus spp. 

L
og

 cfu/m
l o

r gm
 

K
libsiella spp. 

L
og

 cfu/m
l o

r gm
 

E
nterobacter spp. 

L
og

 cfu/m
l o

r gm
 

C
olifo

rm
 

L
og

 cfu/m
l o

r gm
 

E
. coli O

157:H
7 

L
og

 cfu/ m
l or 

gm
 

Sa
lm

onella 
S

pp. 

Y
. enterocolitica  

L
og

 cfu/m
l o

r gm
 

C
itrobacter spp

. 
L

og
 cfu/   m

l or 
gm

 

B Kareesh 
cheese 

K1/25 
2.00  b 
± 0.11 

0.0c 0.0c 
4.3a ± 
0.11 0.0c ND 

3.5 a ± 
0.11 

0.0b 
7.7a ± 
0.58 

B Paramely 
cheese 

P1/25 0.0c 
3.21 a 
± 0.12 

0.0c 
3.3  b 
± 0.11 

0.0c ND 
2.00  b ± 

0.11 
0.0b 

7.69 a± 
0.38 

A Raw 
milk 

Rm1/25 
2.21  b 
± 0.11 

0.0c 
4.60 a± 

0.36 
4.2 a ± 

0.15 
0.0c ND 

3.6a ± 
0.15 

0.0b 
7.13 a± 

0.27 
A Raw 
milk 

Rm2/25 0.0c 
3.69 a 
± 0.12 

0.0c 
4.30 a 
± 0.15 

2.00  b ± 
0.11 

(+) 0.0c 
2.00  a ± 

0.11 
6.14 b± 

0.3 
B Tallaga 
cheese T1/25 

3.21  a 
± 0.11 

0.0c 
3.60 b± 

0.31 
2.2 c ± 

0.15 
0.0c ND 0.0c 

2.10 a ± 
0.11 

6.13 b± 
0.27 

B Tallaga 
cheese T2/25 0.0c 

2.9 b ± 
0.15 

0.0c 
3.3b± 
0.11 

3.00  a ± 
0.11 

(+) 
3.5 a± 
0.15 

0.0b 
6.7b ± 
0.58 

No. of 
total 
positive 
samples 

6/100 3/6 3/6 2/6 6/6 2/6 2/6 4/6 2/6 --- 

(%) of 
positive 
samples 

6% 50. % 50% 33.33% 100% 33.33% 33.33% 66.66% 33.33% ---- 

A log CFU/ml, Blog CFU/gm, ND (Not detected), (+) Positive. Means with the same letters are not significantly different (p ≤ 
0.05). Values are means± standard error. 

 

For Kariesh cheese, results revealed that out of the 25 samples, only one (K1) tested positive for 
EAEC and contained TACC of 7.7 log cfu/g, Y. enterocolitica at 3.5 log cfu/g, coliform bacteria at 4.3 
log cfu/g, and Proteus spp. at 2.0 log cfu/g. This cheese was free of Salmonella spp., Klebsiella spp., 
Enterobacter spp., and Citrobacter spp. 

Furthermore, our results revealed that one sample (P1), out of the 25 Paramely cheese samples, 
was positive for EAEC and yielded TACC for Y. enterocolitica, coliforms, and Klebsiella spp. of 
7.69, 2.0, 3.3, and 3.21 log cfu/g, respectively. Meanwhile, this sample was negative for Salmonella 
spp., Proteus spp., Enterobacter spp., and Citrobacter spp. 

In addition, the results revealed that two samples (T1 and T2) out of 25 Tallaga cheese samples 
were positive for EAEC and yielded TACC of 6.13 and 6.7 log cfu/g, respectively. The first sample 
(T1) was positive for Proteus spp., coliform bacteria, Citrobacter spp., and Enterobacter spp., 
showing 3.21, 2.2, 2.1, and 3.6 log cfu/g, respectively. Meanwhile, T2 tested positive for Klebsiella 
spp., coliform bacteria, E. coli O157:H7, and Y. enterocolitica, yielding 2.9, 3.3, 3.0, and 3.56 log 
cfu/g, respectively, and contained Salmonella spp. 

In the soft-cheese samples, coliform bacteria and Y. enterocolitica showed higher prevalence 
variably in different cheese samples, followed by Klebsiella spp. and Proteus spp. Lower prevalence 
was detected for Citrobacter spp., Enterobacter spp., Salmonella, and E. coli O157:H7. These results 
are similar to those reported by El Sayed et al., (2011), who found that the coliform group and E. coli 
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as fecal indicators of contamination are present in 50% and 24%, respectively, of samples of retailed 
white soft cheese, mostly in the Kariesh cheese variety: with maximal counts of 3  104 and 3  103 
cfu/g, respectively. Pathogenic E. coli O157H7 has been isolated from 19% of all white cheese 
samples. Similar results were reported by El Kholy et al., (2008) because higher prevalence of 
coliforms, E. coli O157H7, Salmonella spp., Proteus spp., and Citrobacter spp. was observed. The 
samples did not meet the Egyptian standard (ES 1008/2000) of coliform counts and E. coli presence. 
Nevertheless, the most hazardous enteric foodborne bacterium, Salmonella spp., was isolated from 
Tallaga cheese (4%), in line with the results of El Sayed et al., (2011), who isolated Salmonella spp. 
from Domiati and Tallaga cheeses in 3% and 7% of the samples, respectively. Moreover, they isolated 
Proteus spp. and Citrobacter spp. Our results agree with those of Melkamsew et al., (2012), who 
analyzed Egyptian cheese and found Enterobacteriaceae species with the prevalence of EHEC at 
10.7%, Klebsiella pneumonia at 8.0%, and Enterobacter spp. at 8%.  Araujo et al., (2002) detected 
higher prevalence of fecal contamination in 95.5% of cheese samples in Brazil, and EPEC was 
isolated from 21.1% of the samples. Similarly, Abbar and Kaddar (1991) reported that 40.5% of 
cheese samples in Iraq were contaminated with EPEC strains.  

Once again, studies by Adenike et al., (2008) confirmed the present results because higher 
prevalence rates of E. coli and Klebsiella pneumoniae, 24.3% and 18.8%, respectively, were detected 
in fermented dairy products. This variation in the results on coliform prevalence could be due to the 
differences in cheese manufacturing, location, hygienic handling during milk collection, packaging, 
preservation, and transportation (El Safey and Abdul-Raouf, 2003). Therefore, local marketing of raw 
milk and unbranded and uncontrolled white soft cheeses may be major sources of spreading 
foodborne illnesses, mainly DEC. 
 

Conclusion 
 
Diarrheagenic E. coli (DEC) including EAEC, EHEC, EPEC, EIEC, and ETEC were studied 

regarding their detection (for isolation and identification) in samples of raw milk and some types of 
local soft cheeses. Serological detection with O and H antisera by means of Escherichia coli kits (Bio-
Rad, France) and confirmation via PCR detection of virulence genes were used for identification of 
DEC strains. In general, 6% of the tested samples were found to harbor different types of DEC. The 
most common serotypes of EAEC, EHEC, EIEC, and EPEC were O111:H2, O157 H7, O124:H30, 
and O145: HN, respectively. Analysis of virulence genes in the above types of DEC via PCR 
detection confirmed the serological results. On the other hand, coliform bacteria, E. coli O157:H7, Y. 
enterocolitica, Enterobacter spp., Klebsiella spp., Citrobacter spp., Proteus spp., and Salmonella spp. 
were found to be associated with the presence of EAEC in the dairy samples. Thus, to prevent the 
presence or at least reduce the load of these types of pathogens in milk and other dairy products, an 
emphasis on good hygiene should be considered. 
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