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Research article
Ερευνητικό άρθρο

ABSTRACT: A total of450 samples of milk and milk products (50 each of raw buffalo milk; raw cow milk; Karish, 
Talaga, and Roquefort cheeses; yogurt; Rayeb; condensed milk; and sour cream) were randomly purchased from 
various markets inKafr El-Sheikh for isolation and identification of Shiga toxin producing Escherichia coli(STECs). 
We found the pathogen in 60% of buffalo milk samples, 80% of cow milk, 30% of Karish, 10% of Roquefort, 12% of 
Talaga, 20% of yogurt, 6% of Rayeb and 22% of sour cream, but none in condensed milk. Fifty of suspected colonies 
were serologically identified, using E.coli O157:H7 kits; and confirmed in 69.2%, 53.8%, 60%, 16.7% and 20% iso-
lates of buffalo milk, cow milk, Karish, Talaga, and yogurt, respectively, while Roqufort, Rayeb, and sour cream were 
negative. Using polymerase chain reaction assays, 21 confirmed isolates were examined, and 44.4, 71.4, 66.7, 100, 
and 100% of isolates of buffalo milk, cow milk, Karish, Talaga, and yogurt respectively, were positive for rfbE gene; 
while 55.6, 42.8, 66.7, 100, and 100 % isolates of buffalo milk, cow milk, Karish, Talaga, and yogurt respectively, were 
positive for blaTEM, but all isolates were negative for blaCMY2. Consequently, raw milk and most dairy products including 
fermented products, were possible sources of E.coli O157:H7food poisoning, so the implementation of strict hygienic 
measures throughout the manufacture and retail of milk products is essential.

Key words: Shiga toxin producing E. coli; antibiotic resistant genes, blaTEM and blaCMY2.
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INTRODUCTION

Shiga toxin producing Escherichia coli (STECs) is 
a serious class of pathogenic microbes which can 

cause zoonosis.E.coliO157 is the most frequent sero-
type (Franz, 2007). STECs include multiple strains, 
producing Shiga toxin (stx), and have common mech-
anisms of pathogenesis, entry, and attachment to the 
intestinal epithelium. However, the formation of Stx 
alone, without adherence, doesn’t cause severe in-
fections (FAO/WHO, 2018). Some members of the 
STECs group have public health significance, due to 
their association with sporadic cases and outbreaks 
of food-borne diseases in humans,the symptoms 
of which may vary from diarrhea, that may lead to 
hemorrhagic colitis and hemolytic uremic syndrome 
(Pennington, 2010). There are four major factors re-
sponsible for virulence of STECs: two phage encod-
ed cytotoxins, Shiga toxin1 (stx1) and Shiga toxin2 
(stx2), the protein intimin (eae), and entero-hemor-
rhagic E.coli hemolysin (ehly) (Law, 2000). 

The inappropriate use of antimicrobials in humans 
and in food producing animal farms is the major cause 
of the development of bacterial antimicrobial resis-
tance(AR) (FDA, 2009). Antibiotic resistant bacteria 
may occur spontaneously, or develop under certain 
circumstances, in the clinical effluents, dung, and 
farms. Individuals can then be infected through the 
ingestion of contaminated meat, milk, or other prod-
ucts, contaminated water supplies, or directly by han-
dling carrier cases (Forsberg et al., 2012; Losada et 
al., 2016). STECs that are able to resist antimicrobials 
such as B-lactams, aminoglycosides, carbapenems, 
cephalosporin, erythromycin, phenicols, streptomy-
cin, sulpha drugs, and tetracycline have been detected 
in both livestock and humans in many countries,both 
well developed,such as US, Brazil, and Mexico, or 
less developed, such as Egypt, and India (Ahmed and 
Shimamoto, 2015; Amezquita Lopez et al., 2016, Gar-
cia et al., 2011; Mahanti et al., 2013). Considerable 
research has reported increased antibiotic resistance 
in STECs, particularly to promising antibiotics such 
as azithromycin. The existences of genes responsible 
for antimicrobial resistance carried by mobile genet-
ic elements enhances the probability of transmission 
antibiotic resistance in STECs and reduce their ther-
apeutic value for the treatment of human infections.
(Mir and Kudva 2019)reported that cattle are a res-
ervoir for STECs and recorded antibiotic resistant 
STECs from feedlot cattle in Canada, abattoirs in 
Ireland, beef and milk products in Egypt, and pork 
and poultry meat in South Korea.Antibiotic resistant 

strains of microbes caused more symptoms for longer 
periods of time than their antibiotic sensitive equiv-
alents. Many studies have identified antibiotic resis-
tance as rapidly evolved over the last few decades, 
representing significant threat to public health in the 
current century (Munita and Arias, 2016).

The identification of resistance genes of bacteria 
is fundamental to lowering cost of treatment. In this 
study we aimed to identify STECs strains from raw 
buffalo and cow milk, and other milk products col-
lected from several markets in Kafr El-Sheikh gover-
norate. Isolates were identified serologically against 
O157 and H7antisera. The identification of the iso-
lates was confirmed by recognizing the characteristic 
rfbE gene forE.coliO157, and then tested for presence 
of the antibiotic resistance genes blaTEM and blaCMY2 
using PCR.

MATERIALS AND METHODS

Sample collection:
total of 450 milk and dairy product samples were 

purchased from several markets in the Kafr El-Sheikh 
governorate, Egypt, between November 2018 and 
February 2021. Among them, 100 raw milk samples 
(50 each of cow and buffalo milk), 150 cheeses (50 
each of Karish, Talaga and Roquefort), 100 fermented 
milks (50 each of yogurt and Rayeb), 50 condensed 
milks and 50 sour cream samples were randomly col-
lected under aseptic condition in sterile containers, or 
in their packages, kept in an ice box at 4°C, and de-
livered to the laboratory with minimum delay, to be 
examined immediately.

Karish cheese is described as soft unripen, fresh, 
skim milk cheese (EOSQ 2005a)

Talaga cheese is described asoft cheese obtained 
from pasteurized milk, preserved in brine and kept in 
refrigerator, (EOSQ 2005b).

Examination of milk samples for detection of heat 
treatment:

 All milk samples were tested using Storch’s test 
(APHA, 2004) to exclude samples shown to be heated 
above 80°C.

Sample preparation:
Direct plating of samples cannot detect exhausted 

bacteria that are unable to remain alive in selective 
media (Chapman et al., 1994). To increase the pos-
sibility of detection, samples can be inoculated into 
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nonselective enrichment broth such as buffered pep-
tone water (Foster et al., 2003), or universal pre-en-
richment broth such as Trypticase soya broth, or nu-
trient broth (NB) (Jiang et al., 1998).

Ten milliliter of each raw milk sample was inject-
ed into 90 ml NB(Merck, Darnstadt, Germany) and 
kept at 32°C for 24 h. Twenty-five grams of each milk 
product sample was homogenized with 255 ml NB for 
2 min using stomacher and then incubated, at 37°C 
for 24 h. One milliliter of incubated NB was blended 
with 9ml of MacConkey broth (Merck) and held at 
37°C for 24 h.

Conventional culture and plating on specific selec-
tive media.

Since the number of bacteria required to elicit hu-
man infection is low, the use of enrichment media is 
required to screen food for the presence of these or-
ganisms (De Boer and Heuvelink, 2000). About one 
loop of each pre-enriched broth was spread on the 
surface of MacConkey’s agar plates with Eosin Meth-
ylene Blue (EMB). After incubation at 37°C for 18-
24 h, colonies showing lactose fermentation (pink to 
dark pink) on MacConkey agar (Trepeta and Edberg, 
1984) or greenish metallic sheen on EMB (Leininger 
et al., 2001) were selected and re-streaked on Cefix-
ime tellurite Sorbitol MacConkey agar (CT-SMAC) 
as a specific selective media, and held at 37°C for 
24h. Colorless (sorbitol negative) growth was char-
acteristic of colonies with O157 STECs(March and 
Ratnam, 1986; De Boer and Heuvelink, 2000). These 
presumptive E.coli O157 colonies were purified and 
were serologically identified.

Serological identification:
Fifty purified isolates were identified by serolog-

ical tests using slide agglutination reactions against 
O157 and H7 antisera, with sets of rapid diagnostic 
E.coli antisera (Denka Seiken Co., Takasaki-city, Ja-

pan) to confirm E.coli (according to Kok et al., 1996). 
Only strong agglutination observed within 1 min in 
the reaction was regarded as positive. While delayed 
or weak agglutination was regarded as negative.

Polymerase chain reaction
Twenty one identified E.coli isolates were subject-

ed tPolymerase chain reaction(PCR) assays to identi-
fy the characteristic rfbE gene of E.coli O157 (Franz 
et al., 2007).This gene codes for the lipopolysaccha-
ride O side chain of E.coli O157. PCR assays were 
used on the same 21 isolates to detect Beta-lactamase 
resistance, blaTEand blaCMY2 genes. 

The target genes primer sequences are shown in 
Table 1.

DNA was obtained using the QIAamp DNA mini 
kit catalogue no 51304 prescript. Target genes were 
amplified in a thermocycler, the PCR products were 
separated using gel electrophoresis,and then visual-
ized under U.V. The analysis of electrophoretic pat-
terns of the product was performed as described by 
Sambrook et al., 1989 with modifications.

RESULTS

We examined a total of 450 raw milk and milk 
product samples, as shown in Table 2, on Sorbitol 
MacConkey agar plates. 

Raw cow milk showed the highest percentage 
(60%) of STECs, and condensed milk samples had 
the lowest, as zero isolates were obtained from them.

The percentage of samples with STECs, from high-
est to lowest, were cow’s milk, buffalo milk, Karish 
cheese, sour cream, yogurt, Talaga cheese, Roquefort 
cheese, Rayeb and condensed milk. A total of 26.7% 
is a high percentage of STECs in dairy products, as it 
is a common source of food especially for children. 

Table 1 Target genes primer sequences
Primer Sequence Amplified product Reference

blaTEM

ATCAGCAATAAACCAGC
516 bp Colom et al., 2003

CCCCGAAGAACGTTTTC

CIT (blaCMY2)
TGG CCA GAA CTG ACA GGC AAA

462 bp Pérez-Pérez and Hanson, 2002
TTT CTC CTG AAC GTG GCT GGC

E. coli O157 rfbE
GTAAATATGTGGGAACATTTGG

134 bp Heijnen and Medema, 2006
GGCCTTTAAAATGTAAACAACGG
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Serological examination using slide agglutination 
tests of 50 isolates against O157 and H7 antisera was 
carried out. 

Buffalo milk showed the highest percentage, then 
Karish cheese, then cow’s milk, then yogurt and Tal-
aga cheese. 

Roquefort cheese and Rayeb samples were nega-
tive for this strain.

PCR is a confirmatory test, as it detects the pres-
ence of specific genes in the sample. PCR was done 
for the 21 positive isolates identified by serological 

examination.

Table 4 shows the results of the detection of the 
rfbE gene, which is specific for STECs, in the iso-
lates. All 21 isolates contained this gene, at different 
percentages.

Identification of the blaTEM gene in the 21 isolates. 
This gene produces antibiotic resistance to B-lact-
amase group in the isolates. 

All samples contained this gene, at different per-
centages.

Results of PCR assay for identification of BlaCMY2 

Table 2 Incidence of E. coli isolated on Sorbitol MacConkey agar 

Sample type Number of examined 
samples

 Positive samples
No. % *

a-Raw milk 1-Buffalo milk 50 30 60%
2-Cow milk 50 40 80%

b-Cheese
1-Karish 50 15 30%
2-Roquefort 50 5 10%
3-Talaga 50 6 12%

c-Fermented milk 1-Yogurt 50 10 20%
2-Rayeb 50 3 6%

d-Condensed milk 50 0 0%
e-Sour cream 50 11 22%
Total 450 120 26,7%

* Percentage of the number of samples examined.

Table 3 Results of serological identification of 50 E.coli isolates against O157:H7 antisera

Sample type No. of isolates 
examined

 Positive isolates
No. % *

a-Raw milk 1-Buffalo milk 13 9 69.2%
2-Cow milk 13 7 53.8%

b-Cheese
1-Karish 5 3 60%
2-Roquefort 5 0 0%
3-Talaga 6 1 16.7%

c-Fermented milk 1-Yogurt 5 1 20%
2-Rayeb 3 0 0%

Total 50 21 42%
* Percentage calculated according to the number. of isolates examined.

Table 4 Results of PCR assay for detection of the O157 rfbE gene.

Sample type No. of isolates 
examined

 Positive isolates
No. % *

a-Raw milk 1-Buffalo milk 9 4 44.4%
2-Cow milk 7 5 71.4%

b-Cheese 1-Karish 3 2 66.7%
2-Talaga 1 1 100%

c-Fermented milk 1-Yogurt 1 1 100%
Total 21 13 61.9%

* Percentage calculated according to the number of isolates examined.
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gene showed that all of the examined isolates proved 
negative.

DISCUSSION
STECs are significant cause of food borne disease 

and infections, which are associated with symptoms 
varying from mild to bloody diarrhea and hemolyt-
ic uremic syndrome associated with kidney failure 
(FAO/WHO, 2018).

In our study, 120 out of 450 (26.7%) of samples ex-
amined were positive for E.coli on CT-SMAC plates: 
60% of raw buffalo milk, 80% of raw cow milk, 30% 
of Karish cheese 10% of Roquefort cheese, 12% of 
Talaga cheese 20% of yogurt,6% of Rayeb, and 22% 
of sour cream samples. STECs were not detected in 
condensed milk (Table 2). Elbastawesy et al. (2016) 
recorded the same percentage of E.coli O157:H7 in 
Karish cheese, and a higher rate in yogurt (31.5%) 
and sour cream (45.4%) samples on CT-SMAC 
plates. Garbi et al. (2016) recorded nearly similar per-
centages (25%) for all milk and dairy product sam-
ples with variable percentage for different samples. 
Their reported recovery rate of colonies suspected 
to be EHEC O157 in raw cow milk was 3 out of 28 
(10.7%) samples, 7/28 (25%) of fermented raw milk, 
9/21 (42.9%) of Massora and 3/10 (30%)of Ricotta 
samples (the latter two are fresh soft cheese). Using 
Trypton bile X glucouronide agar medium (TBX). 
Hassan et al. (2021) detectedE.coli at a nearly similar 
percentage (75%) of raw milk and small scale yogurt 
(25%) samples but a higher percentage (62.5%) of the 
cream and (80%) of Karish cheese. However, none of 
the isolates could be identified serologically as O157.

Twenty one E.coli isolated from milk and its 
products were serologically identified and 9 out of 
13 (69.2%), obtained from raw buffalo milk, 7/13 
(53.8%), from raw cow milk, 3/5 (60%), from Karish 

cheese, one/6 (16.7%) fromTalaga cheese and one/5 
(20%) from yogurt were confirmed using slide agglu-
tination tests to be E.coli O157:H7 (table 3). EHEC 
O157:H7 was found in many of the raw milk and milk 
products examined, even fermented products,because 
of the ability of STECs to grow at wide range of tem-
peratures from 7°C to 50°C and the ability of some 
strains to grow in acidic food down to pH of 4.4, and 
in foods with water activity (aw) as low as 0.95 (FAO/
WHO, 2018). 

E.coli O157:H7 was not identified in any of the 
isolates obtained from Roquefort cheese, Rayeb, or 
sour cream samples. The mean value of aw of Roque-
fort cheese is<0.95 (Satguer et al. 1986) this may be 
the cause that E.coli O157 failed to be revealed in iso-
lates obtained from Roquefort cheese.

Hassan et al.; (2017) considered sour cream to be 
ripened or acidified cream, without any further speci-
fications, so the pH of the samples they examined may 
be < 4.4, which prevents the growth of E.coli O157.

Our results differ from those of some other re-
searchers, including Nahas et al. (2015) who exam-
ined 120 raw milk, Karish cheese, and cream samples 
gathered from the EL-Menofiya governorates, by se-
rological. Ibrahim and Sobeih (2006) and Prencipe et 
al. (2010) could not isolate the organism from any of 
their samples of Karish and six Italian type) cheeses.

The results shown in table 4, of the PCR assays on 
21 isolates, for the detection of the O157 rfbE gene 
that is specific to O157, showed positively rates of 4/9 
(44.4%), for raw buffalo milk, 5/7 (71.4%), for raw 
cow milk, 2/3 (66.7%) forKarish cheese, 1/1 (100%) 
for Talaga cheese and 1/1 (100%) for yogurt. These 
isolates therefore contained food borne pathogens of 
significant public health significance especially the 
dairy products Karish, Talaga cheeses, and yogurt 

Table 5 Results of PCR assay for detection of the blaTEM gene

Sample type No. of isolates 
examined

 Positive isolates
No. % *

a-Raw milk 1-Buffalo milk 9 5 55.6%
2-Cow milk 7 3 42.8%

b-Cheese 1-Karish 3 2 66.7%
2-Talaga 1 1 100%

c-Fermented milk 1-Yogurt 1 1 100%
Total 21 12 57.1%

* Percentage calculated according to the numberof isolates examined.
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ready for consumption.

PCR assays of the same 21 isolates were carried 
out to detect the presence of antibiotic resistance 
genes blaTEM and blaCMY2. Out of 9, isolates obtained 
from raw buffalo milk, 7 from raw cow milk, 3 from 
Karish cheese, 1 from Talaga cheese and 1 from yo-
gurt samples only 5 (55.6%), 3 (42.8%), 2 (66.7%), 
1(100%) and 1(100%) samples respectively contained 
the blaTEM gene, and no isolates contained the blaCMY2 
gene (table 5).

Ali et al. (2016) identified the blaTEM gene using 
PCR analysis in 20 (55.56%) of E.coli strains ob-
tained from milk sampled from animals with mastitis.

CONCLUSIONS
The predominance of the O157 serogroup was con-

firmed by the presence of the rfbE gene, a gene spe-

cific for O157, and was accompanied by the presence 
of an antibiotic resistance gene (blaTEM) in samples of 
raw buffalo and cow milk, Karish and Talaga cheeses 
and yogurt. The presence of this pathogen presents a 
health risk to consumers of raw milk and raw milk 
products. Efficient heat treatment of raw milk before 
consumption or processing is therefore essential to 
control STECsinfections in humans. Attention should 
also be paid to the principles of hazard analysis and 
critical control point, to eliminate the public health 
hazard of STECs. It is also important to use disc diffu-
sion tests and follow antibiotic prescription guidance, 
to reduce the threat of antimicrobial resistant STECs 
in raw milk and its products. 
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