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Abstract 
Introduction: Artisanal raw milk cheese can be an important source of bacteria potentially harmful to humans, such as pathogenic Escherichia 
coli. The objective of this study was to determine the genetic diversity, pathogenicity, and antimicrobial resistance of 45 E. coli strains isolated 
from artisanal raw milk cheese in Venezuela.  
Methods: These strains were isolated according to the procedures established by the Venezuelan Commission of Industrial Standards 
(COVENIN) and identified by conventional methods. Antimicrobial resistance was determined by the disk diffusion method, while 
phylogenetic grouping and detection of 6 virulence genes (fimH, kpsMT II, papAH, PAI, fyuA and usp) were performed by PCR amplification. 
Strain typing was performed by Rep-PCR.  
Results: Of the 45 isolates, 73.3% were susceptible, while 26.7% were resistant to at least one of the tested antibiotics. Phylogenetic grouping 
revealed a relatively homogeneous distribution. Phylogenetic group A dominated in 82.2% of the strains followed by B1 and D (8.9% each). 
Three major virulence factors, fimH, fyuA, and kpsMTII, were genetically encoded in most strains. Rep-PCR typing of E. coli strains revealed 
a heterogeneous population structure.  
Conclusions: E. coli isolated from artisanal dairy products share characteristics and virulence genes with extraintestinal pathogenic E. coli 
(ExPEC) strains from animals and humans, which represents a public health risk. Thus, it is necessary to increase hygienic and sanitary controls, 
especially those involved in the production stages, and emphasize the epidemiological surveillance of potentially pathogenic bacterial strains 
present in unpasteurized artisanal cheese marketed in the city of Mérida, Venezuela. 
 
Key words: Raw milk; cheese; genetic diversity; pathogenicity; virulence; Escherichia coli. 
 
J Infect Dev Ctries 2024; 18(11):1726-1733. doi:10.3855/jidc.19441 
 
(Received 24 October 2023 – Accepted 20 January 2024) 
 
Copyright © 2024 Guillén et al. This is an open-access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
Introduction 

Milk and its derivatives are important natural foods 
in the daily diet. Dairy products are readily available 
even in developing or economically limited countries 
[1]. Nutritional components such as proteins, 
carbohydrates, calories, minerals, and water found in 
milk and its derivatives, represent a complete food for 
human nutrition. However, it is also a potential vehicle 
for growth and transmission of various enteric 
pathogens [1,2]. An important indicator of the sanitary 
quality of food is the detection and quantification of 
Escherichia coli. Its presence generally indicates direct 
or indirect fecal contamination, sometimes 
accompanied by other dangerous pathogens [1,3]. Some 
dairy products that have not undergone sanitization 
processes may contain an acceptable level of E. coli 
without necessarily posing a risk to the consumer or 
degrading the quality of these products [4]. However, 
levels above the recommended limits for E. coli may 
indicate improper handling and poor sanitary conditions 

in production, storage, transport, and marketing of these 
foods [3-5]. 

E. coli is a facultative anaerobic bacterium that can 
survive and grow in the environment thanks to its 
versatility in using different energy sources, besides 
being a microorganism without special nutritional 
requirements. This ability to adapt to different 
conditions favors its integration into microbial 
communities in a variety of environments [6]. This 
characteristic of E. coli is one of the factors that 
facilitate food contamination, as well as its persistence 
at all stages of the food chain [5,6]. Although E. coli is 
one of the microorganisms that make up the intestinal 
microbiota in humans, its interactions with the host 
allow it to be classified into three broad groups: 
commensal, diarrheagenic E. coli (DEC), and 
extraintestinal pathogenic E. coli (ExPEC) [1,2,6]. 

E. coli strains have a wide genetic diversity. Their 
phylogenetic background and the presence of virulence 
factors distinguish pathogenic from commensal isolates 
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[7]. Commensal strains that belong to the A and B1 
phylogroups are considered to be of low virulence, 
while extraintestinal pathogenic strains are mainly of 
the B2 and D phylogroups and carry the genes 
responsible for the promotion of virulence factors that 
affect a wide range of cellular processes. [7,8].  

On the other hand, E. coli is considered a reservoir 
of genes to other members of the human or animal 
microbiota. Consequently, the gastrointestinal tract 
becomes the ideal niche for large-scale transfer of 
antimicrobial resistance genes and pathogenicity 
factors [3,6,8]. In recent years, the number of antibiotic-
resistant E. coli strains isolated from healthy animals 
and their products for human consumption has 
increased significantly [7-9]. This resistance is mainly 
encoded in mobile genetic elements, facilitating its 
spread in different eco-environments, including the 
human ecosystem [7-11]. The World Health 
Organization (WHO) recommends monitoring 
antimicrobial resistance using E. coli as an "indicator 
bacterium" to analyze the phenotypes and mechanisms 
of resistance that could be disseminated through foods 
of animal origin and their derivatives in different 
geographical areas [12]. 

Several studies report the molecular characteristics 
of E. coli strains isolated from clinical samples of 
humans and sick animals and also analyze the degree of 
genetic relationship between pathogenic strains found 
in animals with those of human origin [7,13,14]. In 
contrast, studies describing the genetic characterization 
of E. coli isolated from artisanal products of animal 
origin intended for human consumption are scarce 
[15,16]. In this regard, the aim of this study was to 
determine the genetic diversity, genes of pathogenicity, 
and antimicrobial resistance of E. coli strains isolated 
from artisanal raw milk cheese in Venezuela. 

 
Methodology 
Sampling and E. coli isolation 

Fifteen samples of artisanal dairy products were 
collected, including five of milk cream, curd, and 
cottage cheese each. These samples were randomly 
acquired from different commercial establishments 
located in the urban area of the Libertador Municipality 
of Mérida, Venezuela, between January and July 2021. 
The selected dairy products ranged from 250 to 500 g 
per presentation and were unrelated to each other. To 
analyze the samples for E. coli, 10 g of each sample was 
homogenized in 90 mL of 0.1% peptone water (diluted 
to 10-1), following the procedures established by the 
Venezuelan Commission of Industrial Standards 
(COVENIN) [17]. The homogenized solutions were 

then incubated at 37°C for 2 h to improve the recovery 
of E. coli strains. Three dilutions (10-2 to 10-4) were 
prepared from this solution, and 1 mL from each 
dilution was inoculated onto rehydratable Petrifilm-
type E. coli/coliform plates (3MTM, USA). The plates 
were then incubated at 35 °C for 18 to 24 hours, 
according to the supplier recommendations. All plates 
showing growth between 4 to 10 colony-forming units 
(CFU), suggestive of E. coli, were selected. These 
colonies were recognized by their blue color and their 
association with gas production. Four colonies from 
each plate were randomly taken and plated in BHI broth 
(BBL, Cockeysville, Md, USA) and incubated at 36 °C 
for 18-24 hours. Subcultures were then plated on 
Levine or MacConkey agar (Himedia, Mumbai, India) 
and incubated at 36 °C for 18-24 hours. Lactose-
fermenting colonies were picked up, and those with 
morphology suggestive of E. coli were identified by 
conventional methods. A total of 90 E. coli strains were 
obtained and 45 of these were randomly selected, 
corresponding to 15 strains for each dairy product group: 
cream, curd, and cottage cheeses. 
 
Antimicrobial susceptibility tests 

Antimicrobial susceptibility profiles of the isolates 
were determined by the disk diffusion method and the 
data were interpreted according to the breakpoint values 
given in the Clinical and Laboratory Standards Institute 
(CLSI) guidelines [18]. Sixteen antimicrobial agents 
(Oxoid Ltd., Basingstoke, UK) were tested: ampicillin 
(10 μg), amoxicillin/clavulanate (20/10 μg), cefazolin 
(30 μg), ceftazidime (30 μg), cefotaxime (30 μg), 
aztreonam (30 μg), imipenem (10 μg), meropenem (10 
μg) ertapenem (10 μg), gentamicin (10 μg), tobramycin 
(10 μg), amikacin (30 μg), ciprofloxacin (5 μg), 
nalidixic acid (30 μg), tetracycline (30 μg) and 
trimethoprim-sulfamethoxazole (1.25 μg/23.75 μg). E. 
coli ATCC 25922 was used as the quality control strain. 
 
DNA extraction 

Bacterial strains were grown overnight on 
trypticase soy agar (TSA, Oxoid) at 37 °C. A single 
colony was suspended in 100 μL of sterile deionized 
water and boiled for 10 min. The suspension was frozen 
and centrifuged at 14,000 rpm for 5 min, the DNA-
containing supernatant was collected and 1 μL was used 
as a DNA template. 
 
Detection of virulence genes 

All 45 E. coli were screened for genetic markers of 
virulence associated with ExPEC by conventional PCR 
using primers and conditions previously described 
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[11,19]. The genes selected were: papAH (P fimbriae 
structural subunit), kpsMT II (group 2 capsular 
polysaccharide units), fimH (D-mannose specific 
adhesin, type 1 fimbriae), fyuA (yersiniabactin receptor), 
usp (uropathogenic specific protein) and PAI 
(pathogenicity island: GenBank Nº AF003742).  The 
selection of the six virulence genes was based on their 
expression in ExPEC strains circulating in the region, 
as reported by our team in several studies since 2014 
[10,11,20]. E. coli LMM/E02-ULA (fimH +, fyuA +, 
kpsMTII + y PAI +), E. coli LMM/Sc03-ULA (papAH 
+) and E. coli LMM/E02-ULA (usp +) were used as 
positive controls strain. 
 
Phylogenetic grouping 

The phylogenetic grouping of E. coli isolates was 
determined by multiplex PCR according to the method 
described by Clermont et al. [21]. Isolates were 
classified into eight main E. coli phylogenetic groups 
(A, B1, B2, C, D, E, F, and clade I) based on the 
presence or absence of genes (chuA, yjaA, arpa, trpA 
and a non-coding DNA fragment (TspE4.C2). For 
positive controls, the strains E. coli AO38-ULA (arpA 
and yjaA), UPEC 09-ULA (chuA, yjaA and TspE4.C2) 
and E. coli SC20-ULA (trpA) were used. 
 

Repetitive element sequence-based PCR (Rep-PCR) 
typing 

Rep-PCR using the primers Rep-PCR1 (5'-IIIG 
CGC CGI CAT CAG GC- 3') and Rep-PCR2 (5'-ACG 
TCT TAT CAG GCC TAC-3') was performed according 
to previously described protocols [22].  The PCR 
reaction was accomplished in a 25 μL reaction mixture 
containing 5 μL of the DNA template, 2.5 µL of buffer 
(10X; Bioneer, Daejeon, Korea), 2.5 µL of MgCl2 (50 
Mm; Bioneer), 3 µL of dNTPs (10 Mm; Bioneer), 3 µL 
of each of the primers (10 pmol/µL), 0.5 µL of Taq 
polymerase (5 U/µL; Bioneer) and 5.5 µL of sterile 
milli-Q water. The reaction was carried out using the 
following cycling procedure: initial denaturation at 
94 °C for 2 minutes; 30 cycles at 94 °C for 1 minute, 
40 °C for 1 minute, and 65 °C for 8 minutes, and a final 
extension at 65 °C for 16 minutes. The resulting Rep-
PCR patterns were analyzed using TreeCon 1.3b 
software 
(http://bioinformatics.psb.ugent.be/software/details/TR
EECON). Strains with ≥ 90% similarity were classified 
as genetically related and assigned to the same cluster.  

All DNA amplifications were performed in a 
thermocycler Mastercycler, Eppendorf, Germany. The 
PCR products were separated by horizontal 
electrophoresis through 1.5% (w/v) agarose gels 
(Sigma-Aldrich Co. St. Louis, MO, USA), stained with 

Figure 1. Antimicrobial susceptibility of E. coli strains isolated from artisanal cream cheese, curd cheese and cottage cheese for 
the 16 tested antibiotics. 

AMP: ampicillin, AMC: amoxicillin/clavulanate, CFZ: cefazolin, CTX: cefotaxime, CTZ: ceftazidime, ATM: aztreonam, IPM: imipenem, MEM: 
meropenem, ETP: ertapenem, AMK: amikacin, GEN: gentamicin, TOB: tobramycin, CIP: ciprofloxacin, TET: tetracycline, NAL: nalidixic acid, 
SXT: trimethoprim-sulfamethoxazole. *All resistant strains were isolated from cottage cheese. 
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ethidium bromide (Sigma-Aldrich) and documented 
using the UVP Biodoc-it System, California, U.S.A. 
Amplicons sizes were determined by comparison with 
a 100-bp DNA ladder (Bioneer). 

 
Results 

The results of susceptibility testing for 45 strains of 
E. coli are displayed in Figure 1. Of the strains studied, 
12 (26.7%) showed resistance to at least one of the 16 
antibiotics tested. However, all the strains were 
susceptible to third-generation cephalosporins 
(cefotaxime and ceftazidime), carbapenems, 
monobactams, amikacin, tetracyclines, and 
trimethoprim-sulfamethoxazole. Among the resistant 
strains, 11 (24.4%) showed resistance to ampicillin, and 
8 (18%) to ciprofloxacin. A small number of strains 
were resistant to gentamicin (4/45; 8.8%), tobramycin 
(4/45; 8.8%), amoxicillin-clavulanate (2/45; 4.4%), and 
nalidixic acid (1/45; 2.2%). Table 1 shows the 
susceptibility patterns. Five strains (5/12; 41.6%) 
showed multidrug-resistant (MDR) phenotypes, with 
resistance to a combination of three different groups of 
antibiotics, being the ampicillin and ciprofloxacin 
resistance markers the most common. The remaining 
strains showed monoresistance (5/12; 41.6%) or 
resistance associated with two antibiotics, ampicillin, 
and ciprofloxacin (2/12; 16.7%). All the resistant E. coli 
strains were obtained from cottage cheese, which 
accounted for 73.3% (12/15) of the total strains 
recovered from this product. 

The distribution of phylogenetic groups and 
virulence genes of E. coli isolated from artisanal dairy 
foods are shown in Table 2. The phylogenetic group 
analysis revealed that most of the E. coli strains isolated 
from cream cheese, curb cheese, and cottage cheese 
belonged to group A (37/45; 82.2%), followed by 
groups B1 and D with the same number of strains (4/45; 
8.9%, respectively). Phylogroups B2, C, E, and F were 
not detected in the strains tested. None of the E. coli 
isolates from cream cheese were classified in 
phylogroup D, but the distribution of this group was 
more frequent in strains isolated from curd cheese 
(20%). Except PAI, all virulence genes investigated 
were detected. All strains harbored fimH followed by 
fyuA genes (31/45; 68.9%), while usp was the least 
frequently detected. The greatest number of virulence 

Table 1. Distribution of susceptibility patterns of E. coli strains 
isolated from samples of artisanal cheeses. 
Susceptibility patterns N (%) 
Sensible strains 33 (73.3) 
Resistant strains* 12 (26.7) 
Strains resistant to one antibiotic (n = 5) 
AMP 4 (33.3) 
CIP 1(8.3) 
Strains resistant to two antibiotics (n = 2) 
AMP, CIP 2 (16.7) 
Strains resistant to four antibiotics (n = 4) 
AMP, AMC, CIP, NAL 1 (8.3) 
AMP, CIP, GEN, TOB 3 (25.0) 
Strains resistant to five antibiotics (n = 1) 
AMP, AMC, CIP, GEN, TOB 1 (8.3) 
AMP: ampicillin; AMC: ampicillin/clavulanate acid; CIP: ciprofloxacin; 
NAL: naldixidic acid; GEN: gentamicin; TOB: tobramycin. *All resistant 
strains were isolated from cottage cheese. 

Table 3. Distribution of phylogenetic groups and presence of virulence genes of E. coli according to the type of artisanal cheeses analyzed. 
E. coli Virulence genes n (%) 
Phylogenetic group n (%) fimH fyuA kpsMT II papAH usp PAI 
Cream cheese, n = 15 (100)       
A 14 (93.3) 14 (93.3) 11 (73.3) 10 (66.7) 9 (60) 3 (20) 0 
B1 1 (6.7) 1 (6.7) 0 0 0 1 (6.7) 0 
Cottage cheese, n = 15 (100)       
A 13 (86.6) 13 (86.6) 9 (60) 13 (86.6) 9 (60) 3 (20) 0 
B1 1 (6.7) 1 (6.7) 1 (6.7) 1 (6.7) 0 0 0 
D 1 (6.7) 1 (6.7) 0 0 0 0 0 
Curd cheese, n = 15 (100)       
A 10 (66.7) 10 (66.7) 7 (46.7) 1 (6.7) 1 (6.7) 1 (6.7) 0 
B1 2 (13.3) 2 (13.3) 2 (13.3) 0 1 (6.7) 1 (6.7) 0 
D 3 (20) 3 (20) 1 (6.7) 1 (6.7) 0 1 (6.7) 0 

 

Table 2. Distribution of susceptibility phenotypes according to the phylogenetic groups and virulence genes of E. coli strains. 
E. coli susceptibility 
phenotypesPhylogenetic group n (%) 

Virulence genes n (%) PAI fimH fyuA kpsMT II papAH usp 
Sensible strains n = 33    
A 25 (55.6) 25 (75.7) 19 (57.6) 12 (36.4) 11 (33.3) 5 (15.1) 0 
B1 4 (8.9) 4 (12.1) 3 (9.1) 1 (3.0) 1 (3.0) 2 (6.1) 0 
D 4 (8.9) 4 (12.1) 1 (3.0) 1 (3.0) 0 1 (3.0) 0 
Resistant strains n = 12    
A 12 (26.7) 12 (100) 8 (66.7) 12 (100) 8(66.7) 2 (16.7) 0 
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genes was identified in phylogroup A strains isolated 
from cream cheese and cottage cheese. kpsMT II was 
detected more frequently in strains of phylogroup A 
from cottage cheese (13/15; 86,6%), while the papAH 
gene was not found in the strains belonging to 
phylogroup D. Overall, most of the E. coli strains 
(43/45) presented three or more virulence genes, 
regardless of the susceptibility phenotype (Table 3). 

Two principal clonal clusters (A and B) were 
observed in the E. coli strains studied (Figure 2). The A 
cluster concentrated most of the E. coli (34/45), while 
the B cluster consisted of 11 strains. Of the strains 

analyzed, 14 (31.1%) showed a genetic relationship ≥ 
95% and were included in three sub-clusters: IA-1 (4 
strains), IA-2 (6 strains) and IB-1 (4 strains). The 
phenotypic and genetic characteristics of the 14 
clonally related E. coli strains are shown in Table 4. All 
strains grouped in each of the clusters belonged to 
phylogenetic group A. Subcluster IA-1 contained only 
4 MDR E. coli strains isolated from cottage cheese 
associated with three or more virulence genes. Among 
them, strains LMM-60, -62, and -63 have the highest 
number of resistance markers and virulence genes. 
Subcluster IA-2 consisted of a total of 6 E. coli strains, 
4 from curd cheese, that were susceptible to all 
antibiotics tested, and 2 strains from cottage cheese, one 
of which was resistant to ampicillin, ampicillin-
clavulanate, ciprofloxacin, and nalidixic acid, and the 
other to ampicillin and ciprofloxacin. All strains in this 
cluster carried at least 2 virulence genes. Subcluster IB-
1 contained only 4 sensible strains isolated from cream 
cheese. These strains carried at least the combination of 
3 or 4 virulence genes.  

 
Discussion 

Raw milk is often used in various dairy products. 
This production, which in many cases is homemade, is 
gaining popularity among consumers since they are 
considered healthier foods, especially because they do 
not contain chemical additives [1-3,23]. On the other 
hand, the production and marketing of artisanal cheeses 
represent a local food tradition in different countries [1].  
 

However, the lack of pasteurization during the 
production chain can allow the establishment of 
potentially pathogenic bacteria from raw milk obtained 
from possibly infected animals, contaminants from the 

Figure 2. Genetic diversity of E. coli strains isolated from 
artisanal dairy foods based on similarity coefficients calculated 
from Rep-PCR analysis data. Clusters with similarity of ≥ 95% 
were designed as:  IA-1 (4 strains), IA-2 (6 strains) and IB-1 (4 
strains). 

Table 4. Phenotypic and genetic characteristics of the 14 clonally related strains of E. coli (IA-1, IA-2, and IB-1). 
REP-PCR, 
Cluster Nº Strain Cheese 

Type Susceptibility profile Phylogroup Virulence Profile 

IA-1 LMM-60 Cottage CIP, AMP, GEN, TOB A fimH, kpsMT II, papAH, fyuA 
LMM-62 Cottage CIP, AMP, AMC, GEN, TOB A fimH, kpsMT II, papAH, fyuA 
LMM-61 Cottage CIP, AMP, GEN, TOB A fimH, kpsMT II, papAH 
LMM-63 Cottage CIP, AMP, GEN, TOB A fimH, kpsMT II, papAH, fyuA, usp 

IA-2 LMM-39 Curd Sensible A fimH, fyuA 
LMM-40 Curd Sensible A fimH, usp, fyuA 
LMM-34 Cottage CIP, AMP, AMC A fimH, kpsMT II 
LMM-38 Curd Sensible A fimH, fyuA 
LMM-36 Cottage CIP, AMP A fimH, kpsMT II 
LMM-37 Curd Sensible A fimH, fyuA 

IB-1 LMM-16 Cream Sensible A fimH, kpsMT II, papAH, fyuA 
LMM17 Cream Sensible A fimH, kpsMT II, fyuA 
LMM-15 Cream Sensible A fimH, kpsMT II, fyuA 
LMM-41 Cream Sensible A fimH, kpsMT II, papAH, fyuA 

CIP: ciprofloxacin; AMP: ampicillin; AMC: amoxicillin-clavulanate; GEN: gentamicin; TOB: tobramycin. 
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production environment, as well as microorganisms 
from food handlers [3-5]. 

E. coli is one of the microorganisms most frequently 
implicated in the contamination of dairy products made 
from unpasteurized milk [6-7,13,15,16,24]. In this 
study, a collection of E. coli strains from three groups 
of artisanal dairy products (milk cream cheese, curd 
cheese, and cottage cheese) purchased in different 
commercial establishments in Mérida, Venezuela, was 
analyzed. A phenotypic study of these strains showed 
that more than 70% of the strains were sensible to the 
antibiotics tested, highlighting the excellent activity 
exhibited by broad-spectrum cephalosporins, 
carbapenems, amikacin, tetracycline, and 
trimethoprim/sulfamethoxazole. However, 25% of the 
strains were resistant to ampicillin and 10% showed low 
sensibility to amoxicillin/clavulanic acid, gentamicin, 
tobramycin and nalidixic acid. In this regard, it should 
be pointed out that within the small group of resistant 
strains, almost 50% showed resistance to at least three 
groups of antibiotics. The presence of MDR E. coli is 
not surprising, considering that similar results have 
been reported in several studies [13-16]. Imre et al. [25] 
found a significant number of MDR E. coli strains 
isolated from raw milk cheese marketed in the Banat 
region of Romania, and Loeza et al. [26] reported that 
60% of Mexican, artisanal fresh cheese samples were 
contaminated with MDR ESBL-producing E. coli. In 
this respect, it has been described that the use of 
antibiotics as therapeutics, prophylactics, and growth 
promoters in food animals has contributed to the 
emergence of resistant bacterial strains [1]. All of the 
resistant E. coli strains analyzed in this study were 
isolated exclusively from cottage cheese samples, and 
it is possible that this product was made from raw milk 
contaminated at its source. However, it cannot be ruled 
out that this finding is also associated with the nature of 
the processing itself, since in the draining and kneading 
stages there is a greater exposure of the raw material to 
sources of contamination from the environment and 
food handlers. Cream cheese and curd cheese have 
shorter production processes that reduce the risk of 
exposure to contaminants. However, the quality of the 
raw materials, as well as a good hygiene practice during 
storage and transportation, also play a significant role 
in ensuring the microbiological quality of these cheeses. 

Several reports indicate that within the genetic 
diversity of E. coli, groups A and B1 gather commensal 
strains with few or no virulence factors but are 
reservoirs of resistance genes with a higher frequency 
than the rest of the phylogroups (B2 and D) [9,24,25]. 
The results obtained support this statement since 82.2% 

of the strains analyzed belonged to group A. Ribeiro-
Junior et al. [27] reported that 63.6% (14/22) of E. coli 
strains isolated from unpasteurized milk and Minas 
Frescal cheeses in Brazil belonged to phylogroup A, 
with more than half of these exhibiting resistance to at 
least one antibiotic. In this regard, several authors agree 
that the food chain is the vehicle for the transfer of 
resistance genes, and a food origin has been suggested 
for the presence of E. coli carrying various resistance 
mechanisms in the intestinal microbiota of humans 
[6,13,28].  

On the other hand, the results obtained are 
consistent with the hypothesis proposed by Carlos et al. 
[29], pointing out that the distribution of phylogenetic 
groups of E. coli helps in identifying the sources of fecal 
contamination in animal products. In this regard, A and 
B1 E. coli strains occur in a wide range of herbivorous 
and carnivorous mammals, whereas B2 and D have a 
narrow and specialized host range; B2 is a good 
indicator of human fecal contamination. In this study, A 
was the dominant phylogroup, corresponding to 
commensal E. coli strains likely present in a bovine host, 
while the absence of group B2 strains could be an 
indication that the source of fecal contamination of 
artisanal cheeses was not of human origin. 

E. coli is an important repository of genes encoding 
various virulence factors that allow this microorganism 
to evade host defense mechanisms and cause infections 
in anatomical sites other than the intestinal tract 
[9,16,25,28]. Indeed, all E. coli strains isolated from the 
three types of cheeses contained at least one virulence 
gene, regardless of the phylogenetic group or the 
presence or absence of resistance markers. Thus, most 
strains were genetically endowed with three major 
virulence factors: adhesion (fimH), iron uptake (fyuA) 
and capsule formation (kpsMT II), and less frequently P 
fimbriae expression (papAH) and the production of a 
bacteriocin (usp). This virulence profile is similar to 
that reported by Millán et al. [11] in uropathogenic E. 
coli strains isolated from hospitalized patients in the 
same geographical area where this study was conducted. 
Jørgensen et al. [30] and Ovi et al. [31] state that 
ExPEC strains isolated from food or animals are 
genetically related to those causing urinary tract 
infections (UTIs). Therefore, food is one of the 
principal sources of E. coli strains that carry a high load 
of genetic information that can be transferred from one 
strain to another through plasmids or pathogenicity 
islands [13,24-28]. These strains harbor not only 
antibiotic resistance genes but also determinants that 
increase their virulence potential, which favors the 
onset of extraintestinal infections. 



Guillén et al. – Genetic diversity of pathogenic E. coli in cheese     J Infect Dev Ctries 2024; 18(11):1726-1733. 

1732 

Rep-PCR typing of the 45 E. coli strains isolated 
from the three artisanal cheeses revealed a 
heterogeneous population structure, with over 95% of 
the strains distributed in 2 main clusters whose 
similarity indices did not exceed 60%; however, three 
sub-clusters (IA-1, IA-2, and IB-1) with a genetically 
distant relationship stood out with internal similarity 
ranges of approximately 95%, without any association 
with phenotypic or genetic characteristics. Particularly, 
cluster IA-2 was formed by E. coli from curd and 
cottage cheese, suggesting that these strains may have a 
common origin, probably because they may have 
shared the same source of contamination, in this case, 
unpasteurized milk. However, these strains showed 
important differences in their susceptibility profiles and 
the presence of virulence genes.   

The polyclonal distribution observed in this study 
has likely been influenced by several uncontrolled 
intervening factors, such as the origin of the raw milk 
used in the manufacturing of the artisanal products, the 
geographical area where the study was carried out, the 
manufacturing process, the preservation conditions of 
the product and the randomness in the selection of 
strains. 

 
Conclusions 

The findings obtained in this study show that the E. 
coli strains isolated from dairy foods such as cream 
cheese, curd cheese, and cottage cheese of artisanal 
production share characteristics and virulence genes 
with the ExPEC strains from animals and humans, 
which constitutes a public health risk. Thus, it is 
necessary to increase hygienic and sanitary controls, 
especially those involved in the production stages, and 
emphasize the epidemiological surveillance of 
potentially pathogenic bacterial strains present in 
unpasteurized artisanal cheese marketed in the city of 
Mérida, Venezuela. 
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