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The objectives of this study were to investigate prevalence and pathogenic potential of Escherichia coli contami-
nating raw milk and its products in Egypt. Out of 187 dairy products including 72 raw milk samples, 55 Karish
cheese and 60 Ras cheese, 222 E. coli isolates including 111, 89 and 22 were obtained from 55 rawmilk samples
(76.4%), 41 Karish cheese (74.5%), and 13 Ras cheese (21.7%), respectively. Isolated E. coli strains were examined
for 24 representative virulence genes present in diarrheagenic E. coli (DEC) and extraintestinal pathogenic E. coli
(ExPEC). Among DEC and ExPEC virulence factors, genes for enteropathogenic E. coli (eaeA, bfpA, EAF),
enterohemorrhagic E. coli (stx1, stx2, eaeA), enterotoxigenic E. coli (elt, est), enteroinvasive E. coli (invE),
enteroaggregative E. coli (Eagg, astA), diffusely adherent E. coli (daaD), ExPEC (cdt-I to cdt-V, cnf1, cnf2, hlyA)
and putative adhesins (efa1, iha, ehaA, saa, and lpfAO113) were screened by colony hybridization assay. Out of
222 E. coli strains, 104 (46.8%) isolated from 69 (36.9%) samples carried one or more virulence genes. The most
prevalent gene detected was lpfAO113 (40.5%), followed by ehaA (32.4%,), astA (3.15%,), iha (1.80%), hlyA
(1.35%), stx1 (0.90%), stx2 (0.90%), eaeA (0.45%), cdt-III (0.45%) and cnf2 (0.45%). Two strains isolated fromKarish
cheese harbored 5 virulence genes (stx1, stx2, iha, ehaA, lpfAO113). Stx subtype was determined to be stx1 (not
stx1c or stx1d) and stx2d. Indeed, expression of hemolysin A, CDT-III, CNF-II, Stx1 and Stx2d was confirmed by
blood agar plate, cytotoxicity assay and Western blotting, respectively. Among the 222 E. coli strains, 54
(48.6%), 38 (42.6%) and 12 (54.7%) isolated from raw milk, Karish cheese and Ras cheese were potentially viru-
lent, respectively. O-genotyping indicated that most of the potentially virulent E. coli isolates did not belong to
clinically important O serogroups except O75, O91 and O166, which have been associated with human diseases.
Phylogenetic grouping revealed that 150 (67.6%), 67 (30.2%) and 5 (2.30%) strainswere clustered into A, B1 andD
groups, respectively, which are considered to be associated with intestinal infection, indicating that these E. coli
strains might have a potential to cause gastroenteritis. To the best of our knowledge, this is the first comprehen-
sive study regarding prevalence and pathogenic potential of E. coli in dairy products in Egypt. Raw milk, Karish
cheese and Ras cheese in Egypt are highly contaminated with E. coli including potentially pathogenic strains,
which may impose a public health threat.
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1. Introduction

Rawmilk and cheese made from raw milk can be a major source of
potentially harmful bacteria to human, such as pathogenic Escherichia
coli (Oliver et al., 2005). Public health hazards associated with con-
sumption of raw milk and raw-milk products, and related foodborne
disease outbreaks have been reported in the world (De Buyser et al.,
2001; Oliver et al., 2005). Although raw milk and raw-milk products
have caused many illnesses and even deaths (FDA, 2012), their
Environmental Sciences, Osaka
saka 598-8531, Japan.
i).
marketing and consumption widely exist in many countries includ-
ing Egypt (Ayad et al., 2004; El Deeb et al., 2012). In Egypt raw
milk is consumed especially in some rural areas and used to prepare
cheese, known as Karish and Ras cheese. Karish is a fresh acid-
coagulated soft cheese, and accounts for around 50% of white soft
cheese produced in Egypt. Ras cheese is the most popular hard
cheese in Egypt and it is manufactured in a high proportion under ar-
tisan conditions.

It is possible that milk and dairy products can be contaminated with
a variety of microorganisms from different sources (Oliver et al., 2005).
E. coli is one of these microorganisms, which is a normal inhabitant of
large intestine in human and warm-blooded animals. The main source
of E. coli in raw milk and milk products is fecal contamination during
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milking process along with poor hygienic practices. Therefore, E. coli is
generally used as a reliable indicator of direct or indirect fecal contami-
nation and the possible presence of enteric pathogens in raw milk and
raw dairy products (Kornaki and Johnson, 2001).

However, some E. colihave acquired virulence genes rendering them
pathogenic and can cause a variety of diseases both in animals and
humans (Kaper et al., 2004). E. coli associated with human diseases
can be broadly divided into two categories, intestinal and extra-
intestinal infections, based on their distinct virulent properties and
their clinical symptoms. E. coli causing intestinal infection is generally
called diarrheagenic E. coli (DEC), which can further be subdivided
into at least six categories, such as, enteropathogenic E. coli (EPEC),
enterohemorrhagic E. coli (EHEC) or Shiga toxin-producing E. coli
(STEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC),
enteroaggregative E. coli (EAEC), and diffusely adherent E. coli (DAEC)
based on their distinct pathogenic mechanisms and presence of
pathotype-specific virulence genes (Kaper et al., 2004). In addition, it
has been proposed that cytolethal distending toxin (CDT)-producing
E. coli (CTEC) and astA gene-positive E. coli might be associated with
diarrhea in human (Hinenoya et al., 2009; Yamasaki et al., 2006; Zhou
et al., 2002).

On the other hand, extra-intestinal pathogenesis caused by E. coli
(ExPEC) strains can be grouped into more or less three categories,
namely, uropathogenic E. coli (UPEC) causing urinary tract infection
(UTI), meningitis-associated E. coli (MNEC) and necrotoxigenic E. coli
(NTEC) which produces cytotoxic necrotizing factor (CNF) (Kaper
et al., 2004). These pathogenic E. coli strains have been isolated from
diseased as well as healthy animals and humans (Belanger et al.,
2011; Croxen et al., 2013; Kahali et al., 2004).

For many bacterial pathogens that infect mucosal tissues like
gastrointestinal tracts, specific adhesins have been implicated as
virulence factors. In E. coli, several genes encoding different adhesins
such as eaeA, efa1, iha, lpf, and ehaA have been reported, which could
be either pathotype-specific or irrespective of pathotype (Bardiau
et al., 2010). Sometimes only one adhesin is expressed, which is critical
for pathogenesis. Abolishment of the ability of a bacterial pathogen to
attach and to colonize a specific tissue by adhesin-mediated receptor
recognition is often enough to make it avirulent (Klemm and
Schembri, 2000).

E. coli strains belonging to the same pathotype carry particular
virulence determinants involved in the diseases. However, hybrid
type of DEC, for example, with the characteristic of EHEC and EAEC
has also been reported such as the German outbreak strain E. coli
O104:H4 (Bielaszewska et al., 2011) and O111:H21 (Dallman et al.,
2012). These strains, besides production of Stx, also possess viru-
lence genes for EAEC. Therefore, monitoring of virulence gene profile
of E. coli is important to detect newly emerging pathogenic E. coli.
Apart from adhesins, several other virulence factors are also involved
in E. coli pathogenesis including host cell surface-modifying factors,
invasins, toxins and secretion systems, which are ideal targets for de-
termination of pathogenic potentials of any given E. coli isolate
(Kaper et al., 2004).

The possibility of transmission of pathogenic E. coli to humans and
causing diseases, through consumption of raw milk as well as raw milk
products, has been repeatedly documented worldwide (De Buyser
et al., 2001). In fact, it has been reported that rawmilk and rawmilk prod-
ucts are contaminated with pathogenic E. coli not only in developing but
also developed countries (Altalhi andHassan, 2009; Jayarao andHenning,
2001; Paneto et al., 2007). However, prevalence of potentially pathogenic
E. coli in raw milk and cheese made from raw milk in Egypt has not yet
been examined. Bearing in mind the importance of E. coli as food-borne
pathogens, and the important role of dairy products, especially cheese,
as vehicle of human disease in the Egyptian diet, this studywas designed
to examine the occurrence of E. coli in commercial raw milk and cheese
made from raw milk in Egypt and to investigate the prevalence of
virulence genes in the E. coli isolates.
2. Material and methods

2.1. Sample collection

At the consumer level, 187 samples including 72 rawmilk, 55 Karish
cheese and 60 Ras cheese were randomly collected from local markets,
farmer vendors and supermarkets at different localities in Nile Delta re-
gion:Menofia andEl BeheiraGovernorates, Egypt, fromApril toNovem-
ber 2012. Sampling was focused in these governorates because many
cheese producers are located in this region. Cheese types investigated
in this study were mainly produced at farmers' houses (Karish cheese)
and small factories (Ras cheese) from rawmilk,where no starter culture
is used for manufacturing these varieties of cheese. Two hundred and
fifty grams of cheese sold without packaging were collected into sterile
sample collection bag, transferred to the laboratory in a cool box with
ice packs and analyzed immediately or kept at 4 °C for future analysis.

2.2. Culture and screening for E. coli

Ten milliliters from each raw milk and twenty five grams of each
cheese sample were homogenized in a Stomacher-Blender (Seward
Medical, London, England) with 90 and 225 ml of tryptic soy broth
(TSB), respectively, and incubated at 37 °C for 16 h with shaking.
Then, the cultures were streaked on eosin methylene blue (EMB) agar
plates and incubated at 37 °C for 18–24 h for bacterial isolation. Three
to five presumptive colonies (blue-black with a metallic green sheen)
from each EMB plate were picked, streaked on tryptic soy agar (TSA)
and incubated at 37 °C for 24 h. Then, the colonies were sub-cultured
on nutrient agar slants at 37 °C for 16 h and used for future analysis.
Species identification was done by colony morphology on EMB agar
and using the following biochemical tests.

2.3. Biochemical tests

Biochemical identification of E. coli was done by using lysine indole
motility medium (LIM), Simmons citrate agar, methyl red-Voges
Proskauer medium (MR-VP), sulfide indole motility (SIM) medium
and triple sugar iron agar (TSI) media. The tests were performed essen-
tially as described elsewhere (Ewing, 1986).

2.4. Determination of O antigens

Somatic (O) antigens were determined by E coli O-genotyping PCR
(Iguchi et al., 2015).

2.5. Detection of virulence genes by colony hybridization

Major virulence genes reported in pathogenic E. coli were screened
by colony hybridization assay as described previously (Yamasaki et al.,
1996) under high stringent condition (50% formamide in hybridization
buffer and 65 °C incubation for washing) using 32P-labeled DNA probes.
DNA probes for stx1 (Shiga toxin 1), stx2 (Shiga toxin 2), eaeA (intimin),
bfpA (bundle forming pilus), EAF (EPEC adherence factor), est (heat-sta-
ble enterotoxin), elt (heat-labile enterotoxin), invE (invasin of EIEC),
astA (EAEC heat-stable enterotoxin 1), Eagg (aggregative adherence),
daaD (fimbriae adhesin), iha (irgA homologue adhesion), saa (STEC
autoagglutinating adhesion), efa1 (E. coli factor for adherence),
lpfAO113 (long polar fimbriae), ehaA (EHEC autotransporter), hlyA
(hemolysin), cdtI-V (cytolethal distending toxins I-V), cnf1 (cytotoxic
necrotizing factor 1) and cnf2 (cytotoxic necrotizing factor 2) were
prepared as described previously (Hinenoya et al., 2009). For cdt gene-
probe, a mixture of PCR products of cdt-IB, cdt-IIIB and cdt-IVB genes,
which could react with all the cdt types (I to V), were used (Hinenoya
et al., 2009) because cdt-III genes are highly homologous to both cdt-II
and cdt-V.



Table 2
Reference strains used in this study.

Reference E. coli strains Target gene(s) Reference

EHEC O157:H7 Sakai strain stx1, stx2, efa1, iha, ehaA Hinenoya et al.
(2014)STEC O113:NM saa, lpfAO113

EPEC O86 strain GB1371 eaeA, bfpA, EAF
ETEC strain 12566 elt
ETEC strain 12671 est
EIEC strain 3 invE
EAEC strain 042 Eagg, astA
DAEC strain A30 daaD Kahali et al. (2004)
CTEC O2:NM strain AH-2 cnf1, cdt-I, hlyA Hinenoya et al.

(2009)E. coli OUT:NM strain AH-5 cdt-II
E. coli O166:H49 strain AH-6 cnf2, cdt-III
E. coli O rough:H11 strain AH-12 cdt-IV
E. coli O2:NM strain AH-11 cdt-V
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The target genes were PCR amplified using primers and conditions as
described in Table 1. DNA probes were prepared from each PCR product.
After electrophoresis, each DNA band was excised and purified by Wiz-
ard SV Gel and PCR Clean-Up System (Promega, Fitchburg, WI, USA), in
accordance with the manufacturer's instructions and 32P-labeled probes
were prepared by randomprimingmethod using AmershamMegaprime
DNA Labeling Systems (GE Healthcare, Cleveland, OH, USA) and [α-32P]-
dCTP (111 TBq/mmol) (Perkin Elmer, Wellesley, MA, USA). Prepared
probes were used for colony hybridization assay.

2.6. Reference strains used in this study

The reference strains used for probe preparation and positive
controls for PCR and PCR-RFLP analyses are summarized in Table 2.
E. coli strain C600 was always used as a negative control.

2.7. Subtyping of stx, cdt, cnf and eaeA genes

Toxinotype of stx genes was determined by the multiplex PCR assay
using primer sets as described in Table 1 (Hinenoya et al., 2009).
Table 1
PCR primers used in this study.

Primer Sequence (5′- 3′) Target Amplicon
size (bp)

References

EVT1 CAACACTGGATGATCTCAG stx1 349 Hinenoya
et al. (2009)EVT2 CCCCCTCAACTGCTAATA

EVS1 ATCAGTCGTCACTCACTGGT stx2 110
EVC2 CTGCTGTCACAGTGACAAA
EAE 1 AAACAGGTGAAACTGTTGCC eaeA 454 Chakraborty

et al. (2001)EAE 2 CTCTGCAGATTAACCTCTGC
Iha-u GAAATCAGCATCCGAGG iha 410 Wu et al.

(2010)Iha-d ATACGCGTGGCTGCTG
Saa-11 ACCTTCATGGCAACGAG saa 1504
Saa-22 AATGGACATGCCTGTGG
Efa1-u GTCAAAGGTGTTACAGAG efaA1 640
Efa1-d ATTCCATCCATCAGGCC
LpfAO113-u ACTTGTGAAGTTACCTCC lpfAO113 360
LpfAO113-d CGGTATAAGCAGAGTCG
EhaA-u AGGCATGAGACACGATC ehaA 500 Chakraborty

et al. (2001)EhaA-d AAGTCGTGCCATTGAGC
BfpA-f AATGGTGCTTGCTTGCGCTTGC

TGC
bfpA 324

BfpA-r GCCGCTTTATCCAACCTGGTA
EAF-f CAGGGTAAAAGAAGATGATAA EAF 397
EAF-r TATGGGGACCATGTATTATCA
est-f ATTTTTMTTTCTGTATTRTCTT Est 190
est-r CACCCGGTACARGCAGGATT
Elt-f GGCGACAGATTATACCGTGC elt 450
Elt-r CGGTCTCTATATTCCCTGTT
AstA-f CACAGTATATCCGAAGGC astA 94
AstA-r CGAGTGACGGCTTTGTAG
Eagg-f CTGGCGAAAGACTGTATCAT Eagg 630
Eagg-r CAATGTATAGAAATCCGCTGTT
daaD-f TGAACGGGAGTATAAGGAAG

ATG
daaD 444 Guion et al.

(2008)
daaD -r GTCCGCCATCACATCAAAA
InvE-f AGTTCTCGGATGCTATGCTC invE 293 Hinenoya

et al. (2009)InvE-r CAAGATTTAACCTTCGTCAAC
hly 1 AACAAGGATAAGCACTGTTC

TGGCT
hlyA 1177 Yamamoto

et al. (1995)
hly 2 ACCATATAAGCGGTCATTCCCG

TCA
Cnf com U2 TCCAGTATGGGGATCAG cnf1 &

cnf 2
382 Mukaizawa

et al.
unpublished

Cnf com D2 CAACTTCATAGTAGATGC

Cdt-Bcomu TAAATGGAATATACATGTCCG cdt-IB-VB 588 Hinenoya
et al. (2009);
Hinenoya et
al. (2014)

Cdt-Bcomd TTTCCAGCTACTGCATAATC
CdtIII/VB-F CAGAAGGACTCAGATGTC cdt-IIIBC 546
CdtIIIC-R TGGTTGTTTGAGGTCAGT cdt-VBC 537
CdtVC-R GCTCTGTGGTACAACTTC
eae-F AGGATATTCTTTCTCTGAATA eaeA 1300 Tramuta

et al. (2008)eae-R ATATYTATTTGCWGSVCCCCAT
Subtypes of stx1 and stx2 genes were determined by PCRs developed
by Beutin et al. (2007) and Scheutz et al. (2012), respectively. The
cdtB gene was subtyped by the PCR-RFLP using Cdt-Bcomu and Cdt-
Bcomd primers (Table 1) and EcoRI/EcoRV and/or MspI (Takara BioInc.,
Shiga, Japan), digest as described by Hinenoya et al. (2009). Since the
PCR-RFLP assay cannot differentiate cdt-III and cdt-V, type-specific
PCRs were performed to further discriminate cdt-III from cdt-V genes
as described previously (Hinenoya et al., 2014). Subtyping of cnf gene
was done by PCR-RFLP (Mukaizawa et al., unpublished). Briefly, cnf
gene was amplified by PCR using the primer set as described in
Table 1 and PCR product was digested by AfaI and Hind III (Takara Bio
Inc., Shiga, Japan). Subtyping of eaeA gene was performed by the PCR-
RFLP as described previously (Tramuta et al., 2008). In all cases, the di-
gest was analyzed by electrophoresis in 1.5 or 2.0% LE agarose gel elec-
trophoresis in TAE buffer [40 mM Tris-acetate, 1.0 mM EDTA (pH 8.0)].

2.8. Cytotoxicity assay

The cytotoxicity assay for CDT, Stx and CNF was performed as de-
scribed previously (Hinenoya et al., 2014). Briefly, in a 96 well plate,
Vero, HeLa or CHO cells were seeded at density of 1 × 104 cells in
0.1 ml of Eagle's minimal essential medium (MEM), for Vero and HeLa
cells and MEM-α medium was used for CHO cells (Life Technologies,
Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS)
(EuroClone S.P.A., Pero, Italy), GlutaMAX (Life Technologies), and 1%
antibiotic-antimycotic (100×) (Life Technologies). Then, E. coli strains
were cultured in TSB at 37 °C for 16 h and 10 μl of 2-fold serially diluted
filter-sterilized sonic lysate of the tested strain was added to each well
and incubated at 37 °C under 5% CO2 in air. Morphological changes of
cells were examined microscopically after 72 h of incubation.

2.9. Western blot analysis of CDT

Western blotting was carried out as described previously (Shima
et al., 2012). Briefly, cell lysates of cdt gene-positive E. coli strain was
separated by SDS-PAGE using 15% gel. The proteins were transferred
to polyvinylidene difluoride (PVDF) membranes (Bio-Rad, Hercules,
CA, USA) by using a Trans-Blot SD semidry electrophoretic transfer
cell essentially as described by the manufacturer (Bio-Rad) and probed
with antiserum of rPaCdtB raised in rabbit (Shima et al., 2012) followed
by anti-rabbit IgG tagged with HRP (GE Healthcare) as a secondary
antibody. Color development was performed with 4CN-PLUS (Perkin
Elmer) at room temperature.

2.10. Hemolytic activity

The hlyA gene-positive E. coli strains were tested for the production
of hemolysin on defibrinated sheep blood agar plates (Eiken Chemical
Co. Ltd., Tokyo, Japan) as described previously (Brauner et al., 1990).
Hemolytic activity of the bacterium was observed after overnight
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incubation at 37 °C. E. coli strain C600 and Staphylococcus aureus strain
IF013276 were used as negative and positive controls, respectively.

2.11. HEp-2 cell adhesion assay

HEp-2 cell adhesion assay was performed as described by Nataro
et al. (1987) with slight modifications. Briefly, HEp-2 cells were grown
at 37 °C for 24 h reaching to 50–70% confluence in an 8-well tissue cul-
ture slide with Eagle's Dulbecco's modified medium (DMEM) (Nissui
Pharmaceutical Co Ltd., Tokyo, Japan), supplemented with 10% FBS, 2%
GlutaMAX™I, 1% MEM non-essential amino acids (Life Technologies,
Carlsbad, UA, USA) and 1% of the antibiotic antimycotic. Prior to inocu-
lation with bacterial isolates, HEp-2 cells were washed with PBS and
1 ml fresh DMEM medium with 1% D-mannose (Sigma-Aldrich, St.
Louis, MO, USA) was added. The test strain was cultured in LB at 37 °C
for 16 h without shaking. Then, 10 μl of overnight culture was added
to each well and slides were incubated at 37 °C for 3 h under 5% CO2

in air. Then, HEp-2 cells were washed with PBS to remove non-
adherent bacteria and fixedwith 70%methanol for 30min. Subsequent-
ly, cells were washed with PBS, stained with 10% Giemsa solution
(MERCK, Summit, NJ, USA) for 15min, rinsedwith PBS and air-dried be-
fore examining under oil immersion. While EAEC strain 042 (aggrega-
tive adherence), EPEC strain GB1371 (localized adherence) and DAEC
strain A30 (diffuse adherence) served as positive controls, the E. coli
strain C600 was used as a negative control. The adherence patterns
were assessed and recorded.

2.12. Phylogenetic group determination

The phylogenetic groups (A, B1, B2, or D) of E. coli isolates were
determined by PCR amplification of the chuA and yjaA genes and the
DNA fragment TspE4.C2 (Clermont et al., 2000), with slight modifica-
tion in thermal cycling conditions. The modified PCR condition was as
follows: 30 cycles of 94 °C for 30 s, 59 °C for 30 s, and 72 °C for 30 s,
which provided better amplification.

3. Results

3.1. Prevalence of E. coli, occurrence of virulence genes and O genotyping

Of 187 samples of dairy products examined, 109 samples including
55 raw milks (76.4%), 41 Karish cheese (74.5%) and 13 Ras cheese
(21.7%) were contaminated with E. coli (Table 3). One, two and three
E. coli isolates were obtained from 35, 35 and 39 samples, respective-
ly. In total, 222 E. coli isolates including 111, 89 and 22 were obtained
from the raw milk samples, the Karish cheese and the Ras cheese,
respectively. All were identified to be E. coli biotype 1 (i.e. IMViC
pattern ++−). Isolated E. coli was investigated for the presence of
24 virulence genes usually present in pathogenic E. coli. The occurrence
of potentially pathogenic E. coli (which carry one or more of the tested
virulence genes) was 47.2%, 47.3% and 15.0% in rawmilk, Karish cheese
and Ras cheese, respectively, (Table 3). Virulence gene profile of the
E. coli isolates is shown in Tables 4 and S. Among 111 E. coli isolates ob-
tained from rawmilk, lpfAO113, ehaA, genes were detected in 50 (45.0%),
Table 3
Isolation of E. coli from raw milk, raw milk derived cheese and detection of virulence genes car

Dairy
products

No. of
samples

No. of samples positive for
E. coli (%)a

No. o
carry

Raw milk 72 55 (76.4) 34 (4
Karish cheese 55 41 (74.5) 26 (4
Ras cheese 60 13 (21.7) 9 (1
Total 187 109 (58.3) 69 (3

a Figures in the parenthesis indicate percentage based on samples surveyed.
b Figures in the parenthesis indicate percentage based on isolates surveyed.
and 33 (29.7%) isolates, respectively, whereas one of each of the 4 iso-
lates harbored astA, iha, eaeA and hlyA genes (Table S). Among 89
E. coli isolates obtained from Karish cheese, ehaA, lpfAO113, astA, iha,
stx, and hlyA genes were detected in 31 (34.8%), 30 (33.7%), 4 (4.49%),
3 (3.37%), 2 (2.25%) and 2 (2.25%) isolates, respectively (Table 4). Out
of 22 E. coli isolates obtained from Ras cheese, 10 (45.5%), 8 (36.4%), 2
(9.09%), 1 (4.55%) and 1 (4.55%) isolates carried lpfAO113, ehaA, astA,
cdt and cnf genes, respectively (Table 4).

To further identify stx subtype, the multiplex PCR to determine
toxinotypes and subtype-specific PCRs were employed and two stx
gene-positive isolates possessing both stx1 and stx2d (formerly named
SLT-IIvh) genes were identified from Karish cheese (Tables 4 and 5).
Filter-sterilized sonic lysate of these isolates caused cytotoxicity to
Vero cell and these cytotoxic effects could be neutralized by antibodies
against Stx1 and Stx2 (data not shown), indicating that the isolates pro-
duced functional Stx. Subtype of cdt genes in one isolate fromRas cheese
was determined to be cdt-III by PCR-RFLP and type-specific PCR
(Tables 4 and S). The sonic lysate of this strain showed cytotoxicity on
HeLa and CHO cells and production of the CdtB was also confirmed by
Western blotting (data not shown), indicating that this strain produced
functional CDT. Subtype of eaeA and cnf genes was determined to be γ/θ
and cnf2 byPCR-RFLP assays, respectively (Table 4). Among3 hlyA gene-
positive E. coli strains, one strain showed β-hemolytic activity by sheep
blood agar while the other two strains did not show any hemolytic
activity.

Based on the distribution of various virulence genes investigated, all
the tested isolates exhibited 10 different virulence gene patterns
(Table 4). Among104 E. coli isolateswhich are potentially virulent, 5 vir-
ulence gene patterns were characterized by the presence of only one
gene, either lpfAO113 (n = 22, 21.2%), astA (n = 7, 6.73%), ehaA (n = 4,
3.85%), hlyA (n = 2, 1.92%), or eaeA (n = 1, 0.96%). One pattern,
which was the most prevalent, was represented by isolates possessing
two virulence genes, ehaA and lpfAO113 (n = 62, 59.6%). Two patterns
were represented each by three strains possessing three virulence
genes, iha, ehaA and lpfAO113 (n = 2, 1.92%) or hlyA, ehaA and lpfAO113

(n=1, 0.96%). Two additional patterns, which could bemost potential-
ly virulent, were either strain (0.96%) with four genes (cdt-III, cnf2, ehaA
and lpfAO113) or 2 strains (1.92%) with five genes (stx1, stx2, iha, ehaA
and lpfAO113).

All the 104 potentially virulent E. coli isolates were analyzed for O
antigens by a genotyping method. Although the isolates belonged to
various O genotypes (Tables 5 and S), most of them did not belong to
the clinically important O serogroups. However, some of them were
identified to be clinically important serogroups such as O75, O91 and
O166, which have been associated with extra-intestinal infection,
STEC and outbreaks of gastroenteritis (Zhou et al., 2002), respectively.

3.2. Phylogenetic grouping

Phylogenetic grouping of 222 E. coli isolates showed that 150
(67.6%), 67 (30.2%), and 5 (2.25%) belonged to phylogenetic groups A,
B1, and D, respectively, as shown in Tables 5 and S, while group B2
was not detected. Phylogenetic groups A and B1 were predominant
among the tested isolates, respectively. It is interesting to note that
rying isolates.

f samples positive for E. coli
ing virulence genes (%)a

No. of E. coli
isolates

No. of E. coli carrying
virulence gene (%)b

7.2) 111 54 (48.6%)
7.3) 89 38 (42.7%)
5.0) 22 12 (54.5%)
6.9) 222 104 (46.8%)



Table 4
Presence of virulence genes among E. coli isolates (n = 222) from raw milk and raw milk originated cheese.

Virulence genea No. of positive strains from: Total no. of positive isolates (n = 222)

Raw milk (n = 111) Karish cheese (n = 89) Ras cheese (n = 22)

stx NDa 2b (2.25%) ND 2 (0.90%)
eaeA 1c (0.90%) ND ND 1 (0.45%)
astA 1 (0.90%) 4 (4.49%) 2 (9.09%) 7 (3.15%)
ehaA 33 (29.7%) 31 (34.8%) 8 (36.4%) 72 (32.4%)
lpfAO113 50 (45.0%) 30 (33.7%) 10 (45.5%) 90 (40.5%)
iha 1 (0.90%) 3 (3.37%) ND 4 (1.80%)
hlyA 1 (0.90%) 2 (2.25%) ND 3 (1.35%)
cdt ND ND 1d (4.55%) 1 (0.45%)
cnf ND ND 1e(4.55%) 1 (0.45%)

a bfpA, EAF, est., elt, invE, Eagg, daaD, saa, and efa1 genes were not detected.
b stx1 and stx2.
c γ2/θ.
d cdt-III.
e cnf2.

Table 5
O genotype, phylogenic group and virulence gene profile of Escherichia coli isolated from raw milk and its products in Egypt.

O genotype PGa n Virulence gene profile

stx1b stx2b eae lpfAO113 ehaA cdt-III cnf2 astA hlyA iha

Og8 B1 11 − − − + +(8/11) − − − − −
Og25 B1 2 − − − + + − − − − −
Og36 B1 2 − − − + + − − − − −
Og37 B1 1 +(2k/3l) +(2/3) − + + − − − − −
Og38 B1 3 − − − + + − − − − +(2/3)
Og39 B1 2 − − − + + − − − − −
Og66 B1 2 − − − + + − − − − −
Og75 B1 1 − − − + + − − − − −
Og86 B1 2 − − − + + − − − − −
Og87 B1 2 − − − + + − − − − +
Og88 B1 1 − − − + + − − − − −
Og91 B1 2 − − − + + − − − − −
Og108 B1 1 − − − + + − − − − −
Og132 B1 1 − − − + + − − − + −
Og139 B1 1 − − − + + − − − − −
Og150 B1 3 − − − + +(2/3) − − − − −
Og166 B1 1 − − − + − − − − − −
Og8/Og32c B1 3 − − − + + − − − − −
OgGp3d B1 1 − − − + + − − − − −
OgGp8e B1 1 − − − + + − − − − −
OgUT B1 23 − − − +(21/23) +(20/23) +(1/23) +(1/23) − − −
Og4 A 2 − − − + − − − − − −
Og9 A 6 − − − +(4/6) +(4/6) − − +(1/6) − −
Og19 A 8 − − − + − − − − − −
Og39 A 1 − − − + + − − − − −
Og40 A 1 − − − + + − − − − −
Og93 A 1 − − − + + − − − − −
Og152 A 1 − − − − − − − + − −
Og184 A 1 − − − − − − − + − −
Og8/Og179f A 1 − − − + − − − − − −
OgGp4g A 1 − − − − − − − − + −
OgGp10h A 1 − − − − − − − − + −
OgGp15i A 1 − − − − − − − + − −
OgUT A 9 − − +(1/9) +(5/9) +(4/9) − − +(3/9) − −
Og119 D 1 − − − + + − − − − −
OgGp9j D 3 − − − + +(2/3) − − − − −
Total NA 104 2 2 1 90 72 1 1 7 3 4

a Phylogenetic group.
b stx1 and stx2 were subtyped to be stx1 and stx2d.
c Og8 or Og32.
d O118 or O151.
e O107 or O117.
f Og8 or Og179.
g O90 or O127.
h O12, O129 or O135.
i O89, O162 or O191.
j O17, O44, O73 or O106.
k No. of positive isolate.
l No. of tested isolate.
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Fig. 1. Phylogenetic group distribution and its relationship with virulence factors in isolated E. coli strains from raw milk and raw milk derived cheese.
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98.5% (66/67) isolates that belonged to group B1 were found to have at
least one of the examined virulence factors which constitute around
63.5% of the total potentially virulent E. coli isolated in this study
(Fig. 1). Also, 80% (4/5) of isolates that belonged to group D were
found to have at least one of the examined virulence genes.

4. Discussion

To our knowledge, this is the first elaborate study showing isolation
of E. coli from Egyptian dairy products, namely, raw milk and raw milk
derived cheese (Karish and Ras cheese) andmolecular epidemiology in-
cluding their virulence gene profile. The prevalence of E. coli in Ras
cheese was 21.7% while that of raw milk and Karish cheese was 76.4
and 74.5%, respectively, which is higher than that reported from Iran
(26%) (Farzan et al., 2012), Zimbabwe (66.6%) (Gran et al., 2003),
South Africa (23.3%) (Lues et al., 2003), India (31.6 to 57%) (Nanu
et al., 2007; Singh and Prakash, 2008) and Pakistan (50 to 65%)
(Soomro et al., 2002) although higher prevalence of E. coli in cheese
has been also reported from Brazil (96 to 97.7%) (Araujo et al., 2002;
Paneto et al., 2007). The higher E. coli contamination rate of Karish
cheese (74.5%) compared to Ras cheese (21.7%), observed in this
study, may be due to the differences in cheese making process and the
characteristics of final product between these two cheese. Karish
cheese, an acid coagulated fresh unripened soft cheese, is prepared
from rawmilk without using starters but the natural microflora present
in rawmilk and surrounding environment initiate fermentation to devel-
op the cheese curd. Normally Karish cheese is made at home and sold
from door-to-door or sold in local markets (FAO, 1990). On the other
hand, Ras cheese is hard and manufactured in a small factory using raw
milk or mixture of raw and pasteurizedmilk, and stored for a long period
of time (3 to 6 months) for the development of the desired flavor.

The presence of E. coli in milk and milk products is an important in-
dicator of fecal contamination and hygienic practices. If E. coli present in
dairy products are non-pathogenic, in general, it is not so crucial. How-
ever, if E. coli cells in dairy products carry virulence genes, they could be
potentially harmful to consumers. In this study, 36.9% (69/187) of the
investigated dairy products carried potentially pathogenic E. coli (pos-
sess one or more virulence genes tested) as shown in Table 4. Two
E. coli strains (2.25%) isolated from Karish cheese harbored stx1 and
stx2d genes (Table 5). Stx is one of the most important virulence factors
in E. coli because STEC may cause a life-threatening sequel such as he-
molytic uremic syndrome or HUS and neurological disorder (Kaper
et al., 2004). STEC strains that produce Stx2d are virulent in a mouse
oral challenge model (Wadolkowski et al., 1990). According to the
Fuller et al. (2011), Stx2a and Stx2d displayed similar potencies but
were significantly more potent than other Stx2 subtypes. Indeed, the
culture supernatant of these two strains demonstrated distinct cytotox-
icity towards Vero cells (data not shown). Detection of stx genes or
prevalence of E. coli harboring stx genes in dairy productswere reported
at various degree from different countries such as 0.45% in Spain
(Quinto and Cepeda, 1997), 0.87% in Canada (Steele et al., 1997), 3.9%
in Germany (Klie et al., 1997), 6% in Brazil (Paneto et al., 2007) and
13% in France (Vernozy-Rozand et al., 2005).

The astA gene encoding enteroaggregative E. coli heat-stable entero-
toxin 1 (EAST1) was initially detected in EAEC (Nataro and Kaper,
1998). Subsequently, astA gene has been also detected in other DEC
pathotypes including EPEC, ETEC, and EHEC (Choi et al., 2001;
Frydendahl, 2002; Hinenoya et al., 2009, 2014). However, the role of
EAST1 in human disease is not still established. In this study, astA gene
was detected in 7 isolates (6.73%), which were negative for any other
virulence marker genes of DEC including EAEC (Table 5). astA gene-
positive but not other virulence gene-positive E. coli has been associated
with several outbreaks in the world (Hedberg et al., 1997; Nishikawa
et al., 1999; Zhou et al., 2002), indicating that EAST1 could be an impor-
tant virulence factor in DEC. Together, these data suggest that astAgene-
positive E. coli detected in dairy products might be harmful to human.

cdt-III gene-positive E. coli was often isolated from healthy and
diseased animals (Pérès et al., 1997; Hinenoya et al., 2014) and also iso-
lated from children with diarrhea (Hinenoya et al., 2009), indicating
that CDT-III might also act as a virulence factor for human. The cdt-III
and cnf2 genes were detected in one isolate (4.55%) from Ras cheese
(Tables 4 and S). Sonic lysate of this strain certainly caused cell disten-
tion and death in HeLa and CHO cells (data not shown), indicating
that the toxins were indeed produced.

Hemolysin is also one of the important virulent factors in E. coli. In
our study, the hlyA gene was detected in 2 (2.25%) isolates from Karish
cheese and one isolate (0.90%) from rawmilk (Table 4), and similar re-
sultswere also reported by Farzan et al. (2012). One out of three isolates
showed β-hemolytic activity on blood agar (data not shown).

The eaeA gene is well-known virulence factor not only for EPEC and
EHEC but also atypical EPEC in which eaeA gene alone but not bfp and
EAF genes are present (Kaper et al., 2004). In this study, eaeA gene
was detected in one isolate (0.90%) from raw milk (Table 4), which
could be classified as atypical EPEC. Although there is a report regarding
no isolation of eaeA gene-positive E. coli from 208 rawmilk and 92 dairy
products in Iran (Farzan et al., 2012), various degree of eaeA gene was
detected in 9.1% in Saudi Arabia (Altalhi and Hassan, 2009) and 3.1%
in Slovakia (Holko et al., 2006).

Apart from toxins and specific virulence marker for DEC, genes
encoding adhesins such as efa1 (Nicholls et al., 2000), iha (Tarr et al.,
2000), lpf (Torres et al., 2002), and ehaA (Wells et al., 2008) are also con-
sidered to be important virulence factors for pathogenic E. coli. Themost
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prevalent adhesin examined in this study was lpfAO113 (40.5%; 90/222)
as described in Table 4. Long polar fimbriae (LPF) were initially identi-
fied in Salmonella Typhimurium (Bäumler and Heffron, 1995). Subse-
quently, at least 4 different types of lpf genes including lpfAO113 were
detected in various serotype of STEC (2000; Hayashi et al., 2001;
Doughty et al., 2002; Toma et al., 2004) and it was thought that lpf
type might be pathotype-specific (Toma et al., 2004). But it has been
demonstrated that lpf genes are not serotype specific to STEC but also
widely distributed in DEC (Toma et al., 2006; Torres et al., 2004). This
study shows that lpf genes are not only distributed in DEC but also
other E. coli, which do not carry any pathotype-specific virulence gene,
indicating that lpf gene-positive E. coli could be a precursor of pathogen-
ic E. coli or other unidentified virulence factor may present in these
E. coli strains. As shown in Table 4, the second most prevalent one was
ehaA (32.4%; 72/222), which was reported to be involved in adherence
and biofilm formation in O157:H7 strains (Wells et al., 2008). Wu et al.
(2010) described that ehaA gene was most frequently detected in STEC
strains isolated from patients with gastroenteritis but not animal origin,
indicating that E. coli harboring ehaA gene isolated from the dairy prod-
uctsmight have a potential to cause humandisease. In this study, the iha
gene was detected in 1.80% (4/222) of the isolates (Table 4). This gene
has also been detected in EPEC, EHEC/VTEC and UPEC strains from
humans, cattle and pigs, and has been shown to be a virulence factor
in UTI-associated E. coli strains (Bardiau et al., 2010). Among 28 repre-
sentative potentially virulent strains, 25 (89.3%) showed adherence to
HEp-2 cells (data not shown).

A link between virulence of a strain and its phylogentic group has
been reported (Clermont et al., 2000). The intestinal pathogenic E. coli
strains mostly belong to groups A, B1 and D (Pupo et al., 1997), whilst
themost virulent extra-intestinal pathogenic strains belong to phyloge-
netic groups B2 and D (Picard et al., 1999). Phylogenetic grouping ex-
amined in this study showed that most E. coli isolates belonged to
groups A and B1, and few strains belonged to group D as shown in Fig.
1. Our result is consistent with that reported by Ru′geles et al. (2010)
in which E. coli isolated from foods mainly belonged to A and B1 phylo-
genetic groups. The potentially virulent strains (104 strains) obtained in
this study were mostly classified into phylogenetic group B1 (63.5%),
followed by groups A (32.7%) and D (3.80%), respectively (Table S), sug-
gesting that E. coli contaminated in Egyptian dairy products might have
a potential of intestinal infection.

PFGE analysis revealed that different E. coli strains isolated from a
same sample carry similar virulence genes but they showed different
PFGE profiles (data not shown). On the other hand, some strains isolat-
ed from different samples showed nearly identical PFGE pattern (data
not shown). These results along with epidemiological data suggest
that some of the E. coli strains might have a common origin.

In conclusion, raw milk, Karish cheese and Ras cheese produced in
Egypt were contaminated with E. coli and high contamination rate
was observed in raw milk and Karish cheese. In addition, some E. coli
strains carried potentially virulent genes related to pathogenic E. coli.
It appears that consumption of raw milk and raw milk products in
Egypt could lead to health hazard and they should be considered as ve-
hicles for transmission of potentially pathogenic bacteria. This empha-
sizes the need for more educational efforts on producer, handler and
seller, and attention must be paid to the consumer by the authority.
This study will contribute to understand the prevalence of pathogenic
E. coli present in dairy products and could help in designing measures
for prevention of their further spread in Egypt. Nevertheless, it is crucial
to perform further studies regarding the monitoring of E. coli contami-
nation in Egyptian dairy products and other food material, andmolecu-
lar epidemiology including virulence gene profile.
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