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Abstract
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Genetic Assessment of Shiga Toxin and Antibiotic Resistance of E. coli 
Isolated from Milk of Cows infected with Sub-clinical Mastitis

Bovine subclinical mastitis was one of the most important health problems facing dairy industry, its impact 
exceeded the economic aspects and extended to potential negative effects on human health. The current study 
aimed to determine the prevalence of E. coli as an important mastitic pathogen and identify some of its most 
important virulence gene as well as their antimicrobial resistance profile. In the present study E. coli was iso-
lated and biochemically identified whereas out of 100 subclinically mastitic milk samples was nine samples 
were positive for E. coli with 9% prevalence rate. Serotyping of these isolates declared that 3 isolates were 
serotype O26:H11, 2 isolates in serotype O91:H21 and 1 isolate in each of serotypes O55:H7, O128:H2, 
O146:H21 and O124. Antimicrobial resistance profile of the obtained isolates showing that all the isolates 
were 100% resistant to both erythromycin and streptomycin, while 88.9% (8/9) were sensitive to gentamicin. 
The presence of 3 important virulence factors including Shiga toxin1(Stx1), Shiga toxin 2 (Stx2) and intimin 
(eae) genes, among the obtained isolates was reported using PCR. Molecular investigation revealing that 2 
isolates contain all studied virulence genes (Stx1, Stx2 and eae), 3 isolates contain (Stx1 and Stx2), while Stx1 
was detected solely in 2 isolates, also 1 isolate contain only Stx2 and lastly 1 isolate was negative for any of 
the studied virulence factors. In a conclusion, there was a 9% prevalence rate of E. coli in subclinically mas-
titic milk samples in the current study, indicating its importance as a mastitic pathogen. The Shiga toxin genes 
(Stx1 & Stx2) are widely distributed among E. coli isolates, while the intimin (eae) gene is less prevalent in 
comparison to Shiga toxin genes. Also the recorded high multidrug resistance rate among the isolates posing 
threat to human health though entrance of these strains into the human being food chain whereas the isolated 
E. coli strains had the highest resistance to erythromycin and Streptomycin (100%), followed by Clindamycin 
(77.8%), Nalidixic acid (66.7%), and Gentamicin (11.1%) was the lowest.
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INTRODUCTION

Subclinical mastitis is an important worldwide health problem 
in dairy farms accounts for several negative outcomes and sig-
nificant changes in milk compositions. Economically, subclinical 
mastitis is an overemphasized form of mastitis due to its dele-
terious effect on both milk quality and production (Ruegg and 
Reinemann, 2002). Additionally, subclinical mastitis contributed 
to culling and increased risk of antibiotic residues in milk (McFad-
den, 2011). Escherichia coli (E. coli) is one of the most prevalent 
bacteria that had been linked to subclinical mastitis and antibi-
otic resistance (Hinthong et al., 2017). E. coli is a Gram-negative 
opportunistic environmental bacterium that is most linked with 
mastitis in cattle (Fahim et al., 2019). E. coli mastitis usually cor-
relates with the bad hygienic measures in the animal environ-
ment (Abdel-Tawab et al., 2018).

The most common serotypes of E. coli that recovered from 

mastitic milk were O55, O111, O124, O119, O114, O26, O157 and 
O44 (Momtaz et al., 2012). Studies revealed that Shiga toxins 
(Stx1 & Stx2) and intimin (eae) were the most significant virulence 
genes in E. coli strains isolated from bovine mastitic milk (Kobori 
et al., 2004).

Shiga toxin-producing E. coli (STEC) were characterized by 
secretion of one or more Shiga toxins (Stx1 or Stx2) that interfere 
with the synthesis of protein of host cell leading to the death of 
cells, these toxins called verotoxins due to their activities on vero 
cells or Shiga toxins due to their similarities with toxin of Shigella 
dysenteriae (Cookson et al., 2006). STEC expresses another vir-
ulence factor called intimin, which facilitate bacterial adhesion 
and invasion into intestinal epithelial cells causing severe attach-
ing-effacing lesion (Dhaka et al., 2016). Intimin was encoded on 
eae chromosomal gene which is a part of pathogenicity island 
(Wang et al., 2016).

Resistance of some bacteria in human and animal medicine 
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to most of the antimicrobial agents had become a growing prob-
lem (Levy, 1998), in addition to the detrimental impact on animal 
welfare and farm economics. Mastitis is greatly accounted for the 
use of different types of antimicrobials which in turn might re-
sult in establishment of resistant strains (Ismail and Abutarbush, 
2020).

The elevation in antimicrobial resistance among E. coli either 
pathogenic or commensal, had been reported worldwide as a 
result of either overuse or misuse of antibiotics in animals and 
human (Szmolka and Nagy, 2013). Therefore, the current study 
aimed to determine the prevalence of E. coli as an important 
mastitic pathogen and to identify some of its most important 
virulence gene as well as their antimicrobial resistance profile.

MATERIALS AND METHODS

Milk samples

Milk samples were aseptically collected from lactating cattle in 
small holder farms of different localities in Assiut governorate, 
Egypt. The teat was washed, dried and the orifice was swabbed 
with 70% ethyl alcohol for disinfection. After the first few streams 
had been discarded, the milk samples were collected in sterile 
falcon tubes. All the milk samples were subjected firstly to Cali-
fornia Mastitis Test (CMT) according to Schalm et al. (1971) and 
the CMT positive milk samples (n=100) were microbiologically 
tested in order to isolate the target pathogen.

Ethical Committee at Assiut University, Assiut, 868 Egypt, has 
approved all the procedures in this study in accordance with the 
Egyptian bylaws 869 and OIE animal welfare standards for animal 
care and use in research and education. 

Isolation and identification of E. coli

Loopfuls from CMT positive milk samples (n=100) were enriched 
into MacConkey broth and incubated aerobically at 37°C for 
24 h then loopful from the broth was cultured on MacConkey 
(MAC) agar (Merck, Germany) and incubated at 37°C, and bac-
terial growth was evaluated after 24 and 48 h. Gram negative 
micro-organisms were isolated from MAC agar and detected at 
the species level as putatively E. coli using oxidase, triple sugar 
iron agar, and IMViC tests (Franck et al., 1998).

Serological identification of E. coli

The isolates were serologically recognized according to Kok et 
al. (1996) by using rapid diagnostic E. coli antisera sets (DENKA 
SEIKEN Co., Japan) for serotyping of the pathogenic types.
 
Antimicrobial susceptibility testing

Antimicrobial susceptibility was tested by single diffusion meth-

od according to Mary and Usha (2013) for the isolated E. coli 
strains. Sensitivity discs with variable concentrations were utilized 
to detect the susceptibility of the isolated pathogenic strains (Ox-
oid Limited, Basingstoke, Hampshire, UK). Multiple Antibiotic Re-
sistance (MAR) index for each strain was determined according to 
the formula stipulated by Singh et al. (2010).

Polymerase Chain Reaction

Multiplex PCR according to Paton and Paton (1998) using specific 
primers (Table 1) was used in this study to investigate the pres-
ence of genes encoding Shiga toxins (Stx1 and Stx2) and intimin 
(eae).

According to Sambrook et al. (1989), bacterial DNA was ex-
tracted using GeneJET Genomic DNA Purification Kit (Fermentas).

The amplification was conducted on a Thermal Cycler (Master 
cycler, Eppendorf, Hamburg, Germany). The reaction included 35 
PCR cycles, each consisting of 1 min of denaturation at 95°C; 2 
min of annealing at 65°C for the first 10 cycles, decrementing to 
60°C by cycle 15; and 1.5 min of elongation at 72°C, incrementing 
to 2.5 min from cycles 25 to 35.

Amplified DNA fragments were electrophoresed on 2% aga-
rose gel which was stained with ethidium bromide solution (0.5 
µg/ml), visualized under an ultraviolet transilluminator and pho-
tographed.

Visible bands of appropriate size of 180 bp (Stx1), 255 bp 
(Stx2) and 384 bp (eaeA) were considered positive. A 100 bp plus 
DNA Ladder (Fermentas) was used to determine the fragment 
sizes.

RESULTS

Out of 100 sub-clinical mastitic milk samples, 9 (9 %) were positive 
for presence of E. coli. Serodiagnosis of these 9 E. coli isolates re-
vealing that they were belonging to serogroups O91: H21, O128: 
H2, O26: H11, O26: H11, O146: H21, O124, O91: H21, O26: H11 
and O55: H7. Pathotypes characteristic of E. coli isolates were as 
the following: 5 isolates were enterohemorrhagic E. coli (EHEC), 2 
isolates were enteropathogenic E. coli (EPEC), 1 strain was entero-
invasive E. coli (EIEC) and another 1 strain was enterotoxigenic E. 
coli (ETEC) (Table 2). The antimicrobial sensitivity testing indicat-
ed that the isolated E. coli strains had the highest resistance to 
erythromycin and Streptomycin (100%), followed by Clindamycin 
(77.8%), Nalidixic acid (66.7%), and Gentamicin (11.1%) was the 
lowest (Table 3).

The antimicrobial resistance pattern of different E coli sero-
groups isolated from sub-clinically mastitic milk showed that one 
isolates out of the three belonging to serogroups O26:H11 had 
the highest prevalence of antibiotic resistance (MAR index = 1), 
also one strain out of two below serogroups O91:H21 had a MAR 
index = 0.938, and lastly the lowest antimicrobial resistance were 
exhibited by isolates belong to serogroups O146:H21 and O124 
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Primer Oligonucleotide sequence (5’-3’) Product size Reference

Stx1 (F) 5′ ATAAATCGCCATTCGTTGACTAC ′3
180

Paton and Paton (1998)

Stx1 (R) 5′ AGAACGCCCACTGAGATCATC ′3

Stx2 (F) 5′ GGCACTGTCTGAAACTGCTCC ′3
255

Stx2 (R) 5′ TCGCCAGTTATCTGACATTCTG ′3

eaeA (F) 5′ GACCCGGCACAAGCATAAGC ′3
384

eaeA (R) 5′ CCACCTGCAGCAACAAGAGG ′3

Table 1. Primers used in the PCR
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as their MAR index was 0.125 (Table 4).
The results of PCR showing that 8 out of 9 (88.9%) isolates 

had at least one or more of the studied virulence genes (Stx1, 
Stx2 and eae) (Table 5 and Fig. 1).
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Table 2. Serological identification of E. coli

Identified Bacterium Serodiagnosis Strain characterization

E. coli

O91: H21 EHEC

O128: H2 ETEC

O26: H11 EHEC

O26: H11 EHEC

O146: H21 EPEC

O124 EIEC

O91: H21 EHEC

O26: H11 EHEC

O55: H7 EPEC

Table 3. Antimicrobial susceptibility of E. coli strains (n=9)

Antimicrobial agent

Antimicrobial susceptibility of E. coli strains

Sensitive Intermediate Resistant

NO % NO % NO %

Erythromycin (E) - - - - 9 100

Streptomycin (S) - - - - 9 100

Clindamycin (CL) - - 2 22.2 7 77.8

Nalidixic acid (NA) 2 22.2 2 22.2 6 66.7

Cefotaxim (CF) 3 33.3 1 11.1 5 55.6

Norocillin (NO) 4 44.4 - - 5 55.6

Sulphamethoxazol (SXT) 2 22.2 3 33.3 4 44.4

Penicillin G (P) 4 44.4 1 11.1 4 44.4

Cephalothin (CN) 5 55.6 - - 4 44.4

Oxytetracycline (T) 3 33.3 3 33.3 3 33.3

Doxycycline (DO) 5 55.6 1 11.1 3 33.3

Neomycin (N) 5 55.6 2 22.2 2 22.2

Ampicillin (AM) 5 55.6 2 22.2 2 22.2

Ciprofloxacin (CP) 6 66.7 1 11.1 2 22.2

Amikacin (AK) 6 66.7 1 11.1 2 22.2

Gentamicin (G) 8 88.9 - - 1 11.1

Table 4. Antimicrobial resistance profile of E. coli strains (n=9)

NO E. coli strains Antimicrobial resistance profile MAR index

1 O26: H11 E, S, CL, NA, CF, NO, SXT, P, CN, T, DO, N, AM, CP, AK, G 1

2 O26: H11 E, S, CL, NA, CF, NO, SXT, P, CN, T 0.625

3 O26: H11 E, S, CL, NA 0.25

4 O91: H21 E, S, CL, NA, CF, NO, SXT, P, CN, T, DO, N, AM, CP, AK 0.938

5 O91: H21 E, S, CL 0.187

6 O55: H7 E, S, CL, NA, CF, NO, SXT, P, CN 0.562

7 O128: H2 E, S, CL, NA, CF, NO 0.375

8 O146: H21 E, S 0.125

9 O124 E, S 0.125

Average        0.472

E: Erythromycin; S: Streptomycin. CL: Clindamycin; NA: Nalidixic acid; CF: Cefotaxim; NO: Norocillin; SXT: Sulphamethoxazol; P: Penicillin-G; CN: Cephalothin; T: Oxytetracy-
cline; DO: Doxycycline; N: Neomycin; AM: Ampicillin; CP: Ciprofloxacin; AK: Amikacin; G: Gentamicin.

Fig. 1. Agarose gel electrophoresis of multiplex PCR of Stx1 (180 bp), Stx2 (255 bp) and 
eaeA (384 bp) virulence genes for characterization of E. coli. Lane M: 100 bp ladder as 
molecular size DNA marker; Lane C+: Control positive E. coli for Stx1, Stx2 and eaeA 
genes; Lane C-: Control negative; Lanes 2 & 3 (O26): Positive strains for Stx1, Stx2 and 
eaeA genes; Lanes 1 (O26), 5 & 6 (O91): Positive strains for Stx1 and Stx2 genes; Lanes 4 
(O55) & 8 (O128): Positive strains for Stx1 gene; Lane 9 (O146): Positive strain for Stx2 
gene; Lane 7 (O124): Negative strain for Stx1, Stx2 and eaeA genes.

280



DISCUSSION

E. coli is one of important mastitic pathogens so the studying of 
its virulence factors and antimicrobial susceptibility is greatly re-
quired. In the present study, E. coli was isolated and biochemically 
identified in 9 out of 100 milk samples, with 9% prevalence rate, 
from lactating cows with subclinical mastitis.  A similar prevalence 
rate (9.3%) was reported by Ombarak et al. (2019). Also, Lira et al. 
(2004); Momtaz (2010); Abdel-Tawab et al. (2018) isolated E. coli 
from 8.5%, 10.5% and 7.5% of the tested milk samples respec-
tively. On other side, Momtaz et al. (2012)  found that 57 of 181 
mastitic milk samples tested were positive for E. coli, with per-
centage about 31.5%. Variations in the frequency of E. coli isola-
tion were noticed between different countries and regions which 
may be attributed to differences in climate, lactation season, diet 
and various managemental conditions (Marashifard et al., 2019).

It was found that the isolates belonged to serotypes O26:H11 
(3/9 isolates), O91:H21 (2/9), O55:H7 (1/9), O128:H2 (1/9), 
O146:H21 (1/9) and O124 (1/9). Momtaz et al. (2012) reported 
that 19.2%, 15.8%, 12.3%, 12.3%, 10.5%, 7%, 7%, and 3.5% of the 
E. coli isolates were belonging to the O55, O111, O124, O119, 
O114, O26, O157, and O44 serogroups. Also  Osman et al.  (2012) 
showed that, from 40 mastitic milk samples, 77.4% of the isolates 
belonged to four different O serogroups (O26, O86, O111, and 
O127). In case of E. coli mastitis, serotyping was not of greatest 
importance as there isn’t predominant serotype specifically iso-
lated (Abdel-Tawab et al., 2018).

Results of antimicrobial sensitivity testing showed that re-
sistance to Erythromycin (E), Streptomycin (S), Clindamycin (CL) 
and Nalidixic acid (NA) was the highest. Multidrug resistance was 
stated among 152 isolates (65.8%) (Stephan et al., 2008). Langoni 
et al. (2000) reported a discrete level of resistance to tetracycline 
(13.0%) and ampicillin (12.0%) among E. coli isolates from bo-
vine mastitis. The high rate of antibiotic resistance showed by 
the isolated E. coli strains in this study was a logical result of the 
haphazard and uncontrolled use of antibiotics in veterinary prac-
tice in Egypt. This might contribute to the emergence of resistant 
strains that might be transmitted to humans by entering their 
food chain.

In the present study, the results of multiplex PCR showed that 
8 out of 9 E. coli isolates (88.9%) were STEC; however, 2 of these 
STEC (25%) were positive also for the presence of eae gene. In-
fection by STEC clinically elicited by varying degree of diarrhea 
which might be watery or bloody and hemolytic uremic syn-
drome (HUS). Shiga toxin (stx) was a potent cytotoxin responsible 
for severe tissue damage (Gyles, 2007).

Virulence gene encoding Stx1 was more prevalent in the cur-
rent E. coli isolates (77.8%, 7/9), followed by gene encoding Stx2 
(66.7%, 6/9) and lastly eae gene (22.2%, 2/9). Currently, the eae 
gene was detected only in isolates harboring Stx1 and Stx2 genes. 
Salvadori et al. (2003) detected the presence of eae gene in per-
cent about 21.2% among Shiga toxin producing E. coli isolates. 
The eae gene was detected in both STEC and non STEC (Kobori 
et al., 2004). About 93% of E. coli isolates carried Shiga toxin 1 
virulence gene and only 68% of them carried intimin gene (Ismail 

and Abutarbush, 2020). Osman et al.  (2012) revealed that all E. 
coli strains that had been isolated from mastitic milk samples had 
Stx1, Stx2, hylA, Flic(h7), stb, F41, K99, sta, F17, LT-I, LT-II, and eaeA 
virulence genes. Moreover, Moussa et al. (2010) confirmed that 
the Stx2 and eaeA genes were the most prevalent virulence fac-
tors in cow’s environment that was contaminated by feces, and it 
was also a frequent cause of bovine mastitis.

Intimin (eae) gene accounted for the ability of E. coli to attach 
and effacement (A/E) the intestinal epithelial cells (Aidar-Ugri-
novich et al., 2007). Intimin (eae) gene was detected in 14 out of 
42 (33.3%) E. coli isolates (Momtaz, 2010). Variations in the types 
and distribution of virulence genes demonstrated in E. coli iso-
lates might be attributed to differences in study areas. Geograph-
ical situation might govern the presence of different virulence 
genes in E. coli isolates (Momtaz, 2010). 

CONCLUSION

There is a 9% prevalence rate of E. coli in subclinically mastitic 
milk samples in the current study. The Shiga toxin genes (Stx1 
& Stx2) are widely distributed among E. coli isolates, while the 
intimin (eae) gene is less prevalent in comparison to Shiga toxin 
genes. Also, the recorded high multidrug resistance rate among 
the isolates posing threat to human health though entrance of 
these strains into the human being food chain whereas the isolat-
ed E. coli strains have the highest resistance to erythromycin and 
Streptomycin (100%), followed by Clindamycin (77.8%), Nalidixic 
acid (66.7%), and Gentamicin (11.1%) is the lowest.
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