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Abstract

Background and Aim: Antimicrobial resistance (AMR) is a global problem that affects human and animal health, and eggs
can act as a vehicle for pathogenic and non-pathogenic resistant bacteria in the food chain. Escherichia coli is an indicator
of food contamination with fecal materials as well as the occurrence and levels of AMR. This study aimed to investigate the
presence of AMR, integrons, and virulence genes in E. coli isolated from eggshell samples of three egg production systems,
from supermarkets in Thailand.

Materials and Methods: A total of 750 hen’s egg samples were purchased from supermarkets in Phayao Province: Cage
eggs (250), free-range eggs (250), and organic eggs (250). Each sample was soaked in buffered peptone water (BPW), and
the BPW samples were incubated at 37°C for 18-24 h. All samples were tested for E. coli by the standard conventional
culture method. Then, all identified E. coli were tested for antimicrobial susceptibility to 15 antimicrobial agents by the agar
disk diffusion method. All E. coli strains were subsequently found to have virulence genes and Classes 1 and 2 integrons by
polymerase chain reaction.

Results: Among the eggshell samples, 91 samples were identified as having E. coli (cage eggs, 24 strains; free-range eggs,
27 strains; and organic eggs, 40 strains). Then, among the E. coli strains, 47 (51.6%) were positive for at least one virulence
gene. The proportion of AMR in the eggshell samples was 91.2% (83/91), and streptomycin (STR), ampicillin (AMP), and
tetracycline (TET) had a high degree of resistance. Among the E. coli strains, 27 (29.7%) strains were positive for class 1
or 2 integrons, and integron-positive strains were commonly found in STR-, AMP-, and TET-resistant strains. Multidrug
resistance (MDR) was detected in 57.1% (52/91) of the E. coli strains, with STR-AMP-TET (5.5%) as the most frequent
pattern. The proportion of MDR in cage eggs was 75.0% (18/24), which was higher than in both free-range and organic
eggs. On the other hand, 53.2% (25/47) of E. coli carrying virulence genes had MDR, distributed across the production
systems as follows: Cage eggs, 76.9% (10/13); free-range eggs, 63.6% (7/11); and organic eggs, 34.8% (8/23).

Conclusion: Escherichia coli was detected in eggshell samples from all three egg production systems. The high level of
virulence genes, AMR, and integrons indicated the possibility of dissemination of AMR among pathogenic and commensal
E. coli through eggshells. These findings could be a major concern to farmers, food handlers, and consumers, especially
regarding raw egg consumption.

Keywords: antimicrobial resistance, eggshells, Escherichia coli, integrons, virulence.

Introduction consumption [ 1, 2]. In Thailand, egg production reaches
about 14,810 million eggs per year, and the office of
agricultural economics has the campaign to encourage
the consumption of eggs to the annual goal of 300 eggs
per person in 2023 [3]. However, in addition to offering

health benefits, eggs may act as a vehicle for pathogenic

Eggs are the most commonly consumed food
globally. They contribute significantly to a daily healthy
diet containing protein with high nutrient values for
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resistance-bacterial contamination in the food chain [4].
In egg production industries, there are many housing
systems for hen’s egg production that produces several
types of eggs sold in markets: For example, cage eggs,
free-range eggs, and organic eggs. At present, the risk of
bacterial contamination, including Escherichia coli con-
tamination, in each type of egg production is unknown.
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Escherichia coli are the normal flora in intestinal
tracts of healthy warm-blooded animals and humans,
but some strains have evolved pathogenic mechanisms
to cause disease [5]. Specifically, six pathotypes of E.
coli can cause intestinal disease: Enteropathogenic
E. coli (EPEC), enterohemorrhagic E. coli (EHEC),
enterotoxigenic E. coli (ETEC), enteroaggregative
E. coli (EAEC), enteroinvasive E. coli, and diffusely
adherent E. coli [6]. Among bacteria found on egg-
shells, E. coli has been claimed to contaminate eggs
through close contact areas and environments. Most
E. coli on eggshells were originally in close contact
with feces or had indirect contact from reused egg
trays [7]. Furthermore, E. coli contamination on egg-
shells can be indicative of poor hygiene and sanitation
on the farm [8]. However, E. coli contamination on
eggshells derived from the three types of egg products
(i.e., cage, free-range, and organic eggs) has not been
investigated in Thailand.

Antimicrobial resistance (AMR) is increas-
ingly recognized as a serious public health
problem [9]. The overuse and misuse of antimi-
crobials on animal farms have encouraged AMR
among bacteria in animal habitats [10]. Further,
the possibility of increased transmission of anti-
microbial-resistant bacteria to humans through the
food chain has become a major concern in recent
years [11]. In addition, the dissemination of anti-
microbial-resistant genes by horizontal gene trans-
fer has led to the rapid emergence of AMR among
bacteria [12]. Integrons have been shown to play an
important role in the evolution and dissemination
of multidrug resistance (MDR) in Gram-negative
bacteria [13]. There are three main classes of inte-
grons mainly associated with AMR in clinical
samples [14]. Class 1 and 2 integrons were detected
in a high percentage of E. coli strains that were
obtained from humans and animals [15].

The potential sources of eggs contaminated with
pathogenic-resistant bacteria have been investigated
to a much less extent [16, 17], and no reports have
examined the issue in Thailand. However, both patho-
genic and non-pathogenic E. coli can be a source of
drug resistance, thereby playing an important role
in the transmission of mobile genetic resistance
genes [17, 18]. Therefore, the study aimed to investi-
gate the prevalence of virulence, AMR, and integrons
of E. coli in cage, free-range, and organic eggs in
Phayao Province, Thailand.

Materials and Methods

Ethical approval
Ethical approval was exempted in this study. The
samples were not related to humans and animals.

Study period and location

This study was conducted from January to
December 2019. The commercial egg samples were
purchased from supermarkets in Amphoe Muang,
Phayao, Province, Thailand.

Sample collection

Seven hundred and fifty commercial egg sam-
ples from three egg production systems, that is, 250
cage eggs (hens submitted to intensive production
housing systems), 250 free-range eggs (hens reared in
free-run [barn or aviary] housing systems with access
to outdoor runs), and 250 organic eggs (hens raised in
free-range housing systems and only provided organic
certified feed) were purchased from supermarkets in
Phayao Province, Thailand, 2019. Information about
the samples was observed from the individual certified
labels attached to the egg packages. The egg samples
were kept in an icebox and immediately transferred
to the microbiology laboratory at School of Medical
Sciences, University of Phayao.

Bacteria isolation and identification

The collected whole eggs were soaked in 10 mL
of buffered peptone water (BPW, Difco, Detroit, MI,
USA) in a sterile plastic bag at ambient temperature
(25°C) for 10 min [7] and then removed with sterile
forceps. Bacteria from the eggshells were pre-en-
riched in BPW broth at 37°C for 18-24 h. After the
pre-enrichment incubation, the cultures from the BPW
broth of each sample were streaked onto MacConkey
agar (MC; Difco, Detroit, MI, USA) and incubated
at 37°C for 18-24 h for the isolation step of E. coli.
The typical colony of E. coli, presented as red or pink
with a halo zone around it, was picked, streaked, and
stabbed onto a triple sugar iron agar (TSI; Difco,
Detroit, MI, USA) slant. After the incubation at 37°C
for 18-24 h., the presumptive positive reaction of
E. coli on TSI (lactose fermenter) exhibited yellow
with gas production [19]. Then, the TSI culture was
grown on trypticase soy agar (TSA; Difco, Detroit,
MI, USA) for further confirmed identification by bio-
chemical test using API 20E (bioMérieux Vitek, Inc.,
Hazelwood, Mo.) according to the manufacturer’s
protocols. The identified E. coli strains were kept as
stocks in 20% glycerol and stored at —80°C until use.

DNA extraction

Escherichia coli strains were sub-cultured in
Luria-Bertani broth (LB Broth; Difco, Detroit, MI,
USA) at 37°C for 15-18 h, and DNA was extracted
using a Qiagen’s QIAamp® DNA mini kit (Qiagen,
Hilden, Germany). The extracted DNA of E. coli
strains was kept at —20°C until use.

Antimicrobial susceptibility testing

The agar disk diffusion method was carried
out according to the guidelines of the Clinical and
Laboratory Standards Institute [20]. All E. coli strains
were tested for eight classes of 15 antimicrobial agents,
including aminoglycosides (gentamicin, kanamy-
cin, and streptomycin), phenicols (chloramphenicol),
monobactams (imipenem and meropenem), cepha-
losporin (cefotaxime, ceftazidime, and cefepime),
beta-lactam (ampicillin and amoxicillin/clavulanic
acid), quinolones (ciprofloxacin and nalidixic acid),
folate pathway antagonists (sulfamethoxazole/
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trimethoprim), and tetracyclines (tetracycline) (Oxoid
Ltd., Basingstoke, UK). Mueller-Hinton agar (Oxoid)
was used as a culture medium for the assays. For qual-
ity control, E. coli ATCC 25922 was used as areference
strain. The MDR of E. coli was evaluated according
to the MDR definition of resistance to one or more
agents in three or more antimicrobial classes [21].

Detection of virulence genes

All E. coli strains were evaluated for virulence
genes by polymerase chain reaction (PCR) amplifi-
cation. The primer sequences of the virulence genes
were stx, stx2, eae, bfpA, aggR, elt, esth, estp, invE,
and ast4 and PCR conditions were followed as pre-
viously described (Table-1) [22-25]. Amplicons were
analyzed by 2% agarose gel electrophoresis, stained
with ethidium bromide, and visualized under ultravio-
let light using a gel documenting system (BIS 303 PC,
Jerusalem, Israel).

Detection of classes 1 and 2 integrons

The presence of classes 1 and 2 integrons in all
strains was determined by multiplex PCR. The primers
are shown in Table-1, and the PCR condition was fol-
lowed as described previously [26]. The PCR mixture
(25 pL) contained 1x buffer solution (Promega, USA),
2 mM MgCl,, 0.2 mM dNTP's, 0.4 uM of each primer,
1 U Taq polymerase (Promega), and 2 uL of DNA tem-
plate. Amplicons were analyzed as described above.

Statistical analysis

The data were analyzed using Statistical Package
for the Social Sciences (SPSS) software (version 18.0.
SPSS Inc). The prevalence rates of E. coli contam-
inated on the eggshells, AMR, virulence genes, and
class 1 and class 2 integrons in each of the three egg

production systems were expressed as percentages.
Then, the prevalence of E. coli contamination on egg-
shells, their virulence genes, AMR, and class 1 and 2
integrons were compared among the three production
systems using the Chi-square test or Fisher’s exact
tests. p < 0.05 was considered significant.

Results

Escherichia coli and virulence genes from eggshells

Out of the 750 eggshell samples from the three
production systems, 91 samples (12.1%) were identi-
fied as having E. coli: 24 strains (26.4%) from cage
eggs, 27 strains (29.7%) from free-range eggs, and
40 strains (44%) from organic eggs. There were no
significant differences in E. coli contamination across
the production systems (p > 0.05). Among the E. coli
strains, 47 (51.6%) strains were positive for at least
one tested virulence gene. Table-2 shows the E. coli
carrying virulence gene strains in each production
systems. The highest proportion was detected in
organic eggs at 57.5% (23/40), followed by cage eggs
with 54.2% (13/24), and free-range eggs with 40.7%
(11/27) (p > 0.05). In addition, 13 virulence gene pro-
files were detected, and the most common virulence
gene was astA 18.7% (17/91), followed by bfpA4 9.9%
(9/91) and astA+ bfpA 6.6% (6/91). Only two viru-
lence genes, ast4 and bfpA, were found in all three
types of eggshell samples.

Antimicrobial resistance and MDR

All E. coli strains were tested for AMR to 15
different antimicrobial agents by the disk diffu-
sion method. The percentage of E. coli strains resis-
tant to one or more antimicrobial agents was 91.2%
(83/91). The proportion of E. coli resistant to the 15

Table-1: Oligonucleotide primers used for PCR amplification of target genes.

Target gene Sequence (5'-3') Amplicon size (bp) Reference

aggR GTATACACAAAAGAAGGAAGC 254 [25]
ACAGAATCGTCAGCATCAGC

bfpA AATGGTGCTTGCGCTTGCTGC 324 [24]
GCCGCTTTATCCAACCTGGTA

eae CCCGAATTCGGCACAAGCATAAGC 881 [23]
CCCGGATCCGTCTCGCCAGTATTCG

astA CCATCAACACAGTATATCCG 101 [22]
ACGGCTTTGTAGTCCTTCCA

elt AACGTTCCGGAGGTCTTATG 511 [22]
CAACCTTGTGGTGCATGATC

esth TTCACCTTTCCCTCAGGATG 172 [22]
ATAGCACCCGGTACAAGCAG

estp ACTGAATCACTTGACTCTTCA 120 [22]
TCACAGCAGTAAATGTGTTGT

inve GCAGGAGCAGATCTTGAAC 208 [22]
GAAAGGCACGAGTGACTTTC

stx AGTTATGTGGTGGCGAAGG 347 [22]
CACCAGACAATGTAACCGC

stx2 TTCGGTATCCTATTCCCGG 589 [22]
CGTCATCGTATACACAGGAG

Int1 ACGAGCGCAAGGTTTCGGT 565 [26]
GAAAGGTCTGGTCATACATG

Int2 GTGCAACGCATTTTGCAGG 403 [26]
CAACGGAGTCATGCAGATG

PCR=Polymerase chain reaction
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antimicrobial agents in the eggshell samples was
high in cage eggs at 100% (24/24), free-range eggs
at 92.6% (25/27), and organic eggs at 85.0% (34/40)
(Table-3). Escherichia coli resistance to streptomycin,
ampicillin, and tetracycline was the most prevalent at
70.3% (64/91), 64.8% (59/91), and 61.5% (56/91),
respectively.

Interestingly, a high proportion of E. coli
strains resistant to streptomycin, ampicillin, and

tetracycline was detected in each production system.
In addition, 57.1% (52/91) of the E. coli strains were
MDR. The proportion of MDR strains from cage
eggs, 75.0% (18/24), was higher than that from free-
range eggs, 63.0% (17/27), and from organic eggs,
42.5% (17/40). There was no statistically significant
difference between E. coli from the eggshells of the
three production systems (p > 0.05). As described in
Table-4, 50 AMR profiles were detected. The most

Table-2: Virulence gene profiles of Escherichia coli isolated from eggshells in cage, free-range, and organic eggs.

Virulence Profiles No. (%) of virulence genes profiles of Escherichia coli in different Total
egg productions
Cage Free-range Organic (n=91)
(n=24) (n=27) (n=40)

Negative 11 (45.8) 16 (59.3) 17 (42.5) 44 (48.4)
Positive virulence 13 (54.2) 11 (40.7) 23 (57.5) 47 (51.6)
aggr 0 0 1(2.5) 1(1.1)
astA 6 (25) 6 (22.2) 5(12.5) 17 (18.7)
bfpA 3(12.5) 1(3.7) 5(12.5) 9 (9.9)
eae 0 1(3.7) 3(7.5) 4 (4.4)
stx 0 0 1(2.5) 1(1.1)
stx2 1(4.2) 0 1(2.5) 2(2.2)
aggR+astA 1(4.2) 0 0 1(1.1)
aggR+eae 0 0 1 (2.5) 1(1.1)
astA+bfpA 0 1(1.1) 5 (5.5) 6 (6.6)
eae+astA 1(4.2) 1(3.7) 0 2(2.2)
bfpA+stx 0 1(3.7) 0 1(1.1)
eae+stx 0 0 1(2.5) 1(1.1)
astA+bfpA+esth 1(4.2) 0 0 1(1.1)

aggR=Aggregative adherence fimbria, astA=Enteroaggregative Escherichia coli heat-stable enterotoxin,
bfpA=Bundle-forming pilus A, eae=Intimine, stx=Shiga toxin, stx2 = Shiga toxin2, esth=Heat stable toxin

Table-3: Antimicrobial resistance and integrons of 91 Escherichia coli strains isolated from eggshells in cage, free-range,

and organic eggs.

Antimicrobial Agents

No. (%) of antimicrobial resistance of Escherichia coli

No. (%) of

Integrons-positive

Cage Free-range Organic Total : -
(n = 24) (n = 27) (n = 40) (n = 91) strains (n = 27)

Aminoglycosides

GEN 0 1(3.7) 0 1(1.1) 0

KAN 9 (37.5) 6 (22.2) 15 (37.5) 30 (33.0) 10 (37.0)

STR 22 (91.7) 19 (70.4) 23 (57.5) 64 (70.3) 22 (81.5)
Phenicols

CHL 1(4.2) 3(11.1) 3(7.5) 7(7.7) 3(11.1)
Monobactams

IMP 0 0 1 (2.5) 1(1.1) 0

MEM 9 (37.5) 2(7.4) 5(12.5) 16 (17.6) 6 (22.2)
Cephalosporin

CTX 0 2(7.4) 0 2(2.2) 1(3.7)

CAZ 0 1(3.7) 0 1(1.1) 1(3.7)

CPM 0 3(11.1) 0 3(3.3) 1(3.7)
Beta-lactam

AMP 15 (62.5) 22 (81.5) 22 (55.0) 59 (64.8) 18 (66.7)

AMC 6 (25.0) 5(18.5) 11 (27.5) 22 (24.2) 9 (33.3)
Quinolones

CIP 2 (8.3) 4 (14.8) 0 6 (6.6) 2(7.4)

NAL 5(20.8) 9 (33.3) 4 (10.0) 18 (19.8) 9 (33.3)
Folate pathway antagonists

SXT 7 (29.2) 10 (37.0) 5(12.5) 22 (24.2) 9 (33.3)
Tetracyclines

TE 19 (79.2) 21 (77.8) 16 (40.0) 56 (61.5) 18 (66.7)

AMP=Ampicillin, AMC=Amoxicillin/clavulanic acid, CTX=Cefotaxime, CAZ=Ceftazidime, CHL=Chloramphenicol,
CIP=Ciprofloxacin, CPM=Cefepime, GEN=Gentamicin, IPM=Imipenem, KAN=Kanamycin, MEM=Meropenem,
NAL=Nalidixic acid, STR=Streptomycin, TET=Tetracycline, SXT=Sulfamethoxazole/trimethoprim
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Table-4: Antimicrobial resistance profiles of Escherichia coli isolated from eggshells in cage, free-range, and organic

eggs.
Antimicrobial resistance profiles No. (%) of antimicrobial resistance profiles Total
of Escherichia coli in different egg (n=91)
productions
Cage (n = 24) Free-range (n = 27) Organic (n = 40)
MDR 18 (75) 17 (63) 17 (42.5) 52 (57.1)
One drug
AMP 0 1(3.7) 3 (7.5) 4 (4.4)
IPM 0 0 1(2.5) 1(1.1)
KAN 0 0 2 (5.0) 2 (2.2)
NAL 0 0 1(2.5) 1(1.1)
STR 1(4.2) 0 3(7.5) 4 (4.4)
Two drugs
AMC-TET 0 0 1(2.5) 1(1.1)
AMP-TET 1(4.2) 1(3.7) 1(2.5) 3(3.3)
CTX-TET 0 1(3.7) 0 1(1.1)
KAN-STR 1(4.2) 0 1(2.5) 2 (2.2)
NAL-TET 0 1(3.7) 0 1(1.1)
STR-TET 0 0 1(2.5) 1(1.1)
Three drugs
AMP-AMC-TET 0 2 (7.4) 0 2(2.2)
KAN-AMP-AMC 0 0 1(2.5) 1(1.1)
KAN-STR-AMP 0 1(3.7) 1(2.5) 2 (2.2)
KAN-STR-MEM 2 (8.3) 0 1(2.5) 3(3.3)
KAN-STR-NAL 0 1(3.7) 0 1(1.1)
MEM-AMP-AMC 1(4.2) 0 0 1(1.1)
STR-AMP-TET 3 (12.5) 0 2 (5) 5 (5.5)
STR-CHL-AMP 0 0 1(2.5) 1(1.1)
STR-MEM-AMP 0 0 1 (2.5) 1(1.1)
STR-MEM-TET 2 (8.3) 0 0 2 (2.2)
STR-NAL-TET 2 (8.3) 0 0 2 (2.2)
STR-SXT-TET 1(4.2) 0 0 1(1.1)
Four drugs
KAN-STR-AMP-TET 1(4.2) 2 (7.4) 1(2.5) 4 (4.4)
KAN-STR-MEM-AMP 0 0 1 (2.5) 1(1.1)
KAN-STR-SXT-TET 0 0 1 (2.5) 1(1.1)
STR-AMP-AMC-SXT 0 1(3.7) 0 1(1.1)
STR-AMP-AMC-TET 1(4.2) 0 2 (5) 3 (3.3)
STR-AMP-CIP-TET 0 1(3.7) 0 1(1.1)
STR-AMP-SXT-TET 0 2 (7.4) 0 2 (2.2)
STR-CHL-AMP-TET 0 0 1(2.5) 1(1.1)
Five drugs
GEN-STR-AMP-SXT-TET 0 1(3.7) 0 1(1.1)
KAN-AMP-AMC-SXT-TET 0 0 1(2.5) 1(1.1)
KAN-STR-AMP-SXT-TET 1(4.2) 0 0 1(1.1)
KAN-STR-MEM-AMP-AMC 0 0 1(2.5) 1(1.1)
STR-AMP-AMC-NAL-TET 0 0 1(2.5) 1(1.1)
STR-AMP-CIP-NAL-TET 1(4.2) 1(3.7) 0 2 (2.2)
STR-AMP-NAL-SXT-TET 0 1(3.7) 0 1(1.1)
Six drugs
KAN-STR-AMP-AMC-NAL-TET 0 0 1(2.5) 1(1.1)
KAN-STR-AMP-AMC-SXT-TET 0 0 2 (5.5) 2 (2.2)
KAN-STR-MEM-AMP-SXT-TET 1(4.2) 1(3.7) 0 2 (2.2)
STR-AMP-AMC-CIP-NAL-TET 1(4.2) 0 0 1(1.1)
STR-AMP-AMC-NAL-SXT-TET 0 1(3.7) 0 1(1.1)
STR-CHL-AMP-NAL-SXT-TET 1(4.2) 2 (7.4) 0 3 (3.3)
STR-CPM-AMP-CIP-NAL-TET 0 1(3.7) 0 1(1.1)
STR-MEM-AMP-CIP-NAL-TET 0 1(3.7) 0 1(1.1)
Seven drugs
KAN-STR-CHL-CPM-AMP-SXT-TET 0 1(3.7) 0 1(1.1)
KAN-STR-MEM-AMP-AMC-SXT-TET 3 (12.5) 0 0 3(3.3)
STR-CTX-CAZ-CPM-AMP-AMC-TET 0 1(3.7) 0 1(1.1)
Nine drugs
KAN-STR-CHL-MEM-AMP-AMC-NAL-SXT-TET 0 0 1(2.5) 1(1.1)

MDR=Multidrug resistance, The highlight determined MDR of Escherichia coli strains, AMP=Ampicillin,
IPM=Imipenem, KAN=Kanamycin, NAL=Nalidixic acid, STR=Streptomycin, TET=Tetracycline,
SXT=Sulfamethoxazole/trimethoprim, AMC=Amoxicillin/clavulanic acid, MEM=Meropenem, CAZ=Ceftazidime,
CHL=Chloramphenicol
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common MDR profile was STR-AMP-TET, 5.5%
(5/91). Only one E. coli strain (1.1%) was resistant
to 9 tested antimicrobial agents isolated from organic
egg samples.

Occurrence of class 1 and 2 integrons

The E. coli strains were tested for the presence
of class 1 or 2 integrons (int/ and int2) by multiplex
PCR amplification, and the results showed 29.7%
(27/91) positivity. Among the 27 integron-posi-
tive strains, 96.3% (26/27) carried class 1 integron,
while 3.7% (1/27) carried class 2 integron (organic
eggs). The three production systems had approx-
imately the same proportion of integron-positive
strains (cage eggs, 29.2%; free-range eggs, 29.6%;
and organic eggs, 30.0%). The highest proportion of
streptomycin-resistant strains was positive for inte-
gron at 81.5% (22/27), followed by ampicillin-resis-
tant strains, 66.7% (18/27), and tetracycline-resistant
strains, 66.7% (18/27). Furthermore, the proportion
of MDR strains positive for integron was 34.6%
(18/52), and this was similar in all three production
systems (cage eggs, 33.3%; free-range and organic
eggs, 35.3% each).

Occurrence of virulence genes and AMR

The coexistence of virulence genes and AMR
in E. coli strains was analyzed. The results revealed
that 53.2% (25/47) of E. coli strains carrying virulence
genes had MDR. The highest proportion of E. coli
carrying virulence genes and MDR occurred in cage
eggs, 76.9% (10/13), followed by free-range eggs,
63.6% (7/11), and then organic eggs, 34.8% (8/23).
Moreover, E. coli carrying virulence genes were most
commonly detected in streptomycin-resistant strains,
68.1% (32/47), followed by ampicillin-resistant
strains, 61.7% (29/47), and then tetracycline-resistant
strains, 51.1% (24/47). All E. coli carrying virulence
genes in the three production systems were suscepti-
ble to the cephalosporin class. Moreover, eight strains
of E. coli carried virulence genes and integrons and
showed MDR phenotypes.

Discussion

Eggshells are exposed to bacterial contamination
from different sources such as feces, water, caging
material, nesting material, hand, soil, or dust [8, 27],
and the presence of E. coli in foods indicates direct
or indirect contamination with feces or contaminated
fecal material [28]. However, this study showed a
low incidence of E. coli contamination on eggshells
from three egg production systems: 16% (40/250)
in organic eggs, 10.8% (27/250) in free-range eggs,
and 9.6% (24/250) in cage eggs. These results
accord with previous studies conducted in Australia
(7%, 35/500) [16] and Spain (15.0%, 27/180) [8] but
not with studies in which the proportion of E. coli con-
tamination was higher, that is, in Spain (25%) [17] and
Zambia (34.3%, 74/216) [29]. The different levels of
E. coli contamination in eggshells depend on many

factors, including housing systems, farm manage-
ment, storage process, and sale (fresh market/super-
market) [8, 30].

The highest proportion of E. coli contamination
in eggshell samples was detected from organic eggs in
this study. This might be due to the production system
without the use of antimicrobials and contact with the
environment influencing microbiota contamination.
Therefore, bacteria isolated from such eggs have more
genetic variability than bacteria from eggs produced
in a controlled environment [17].

Moreover, E. coli from eggshells could act as a
vehicle for pathogens causing infection in the food
chain [31]. This study revealed that 51.6% (47/91)
of E. coli strains were positive for at least one tested
virulence gene. The highest proportion of E. coli
strains carrying virulence genes was detected in
organic egg samples 57.5% (23/40). In particular,
three strains were positive for Shiga toxin genes (stx
and szx2). Furthermore, the ast4 gene encoding for
heat-stable enterotoxins was the most common. The
presence of astA is not restricted to EAEC but is also
carried by other pathotypes such as EHEC, ETEC,
and EPEC, from both humans and animals [32], and
the role of astA4 in the pathogenicity of E. coli is still
unclear [8].

In addition, this study had a low detection rate of
the esth gene associated with ETEC strains. A previ-
ous report also showed a low detection rate of ETEC
strains [16]. Typical EPEC strains are known to have
the eae gene and bfpA gene, while atypical EPEC
strains have only the eae gene [33]. Both typical and
atypical EPEC were detected in this study. Burgos
et al. [8] reported atypical EPEC commonly found in
egg samples in Spain. Moreover, the positive result
in the screening for virulence genes raises concerns
about the possible transmission of virulent E. coli
strains through the food chain [8].

Tetracyclines and streptomycin have been com-
monly used in animal production, and their residues
have persisted on animal farms [34]. The results of
this study revealed a high level of AMR for strepto-
mycin (70.3%), ampicillin (64.8%), and tetracycline
(61.5%) in E. coli from the eggshell samples. The
results of AMR revealed a higher prevalence com-
pared with the results in Spain [8], Athens [35], and
Australia [36]. Moreover, the proportion of AMR
in cage eggs was higher than those in free-range
and organic eggs, indicating a higher level of anti-
microbial use in cage egg production systems [37].
MDR phenotypes have become more common
in farm animals and constitute a global health
concern [38]. In the present study, 57.1% (52/91) of
E. coli strains detected in the three egg production
systems had MDR, indicating the use of antimicrobi-
als in egg production or co-selection or cross-resis-
tance from other substances [8]. This was a higher
MDR prevalence than in South Korea (46.6%) [39],
Spain (15.5%) [17], and Australia (22%) [36]. The
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highest MDR prevalence was found in cage eggs
(75%), followed by free-range eggs (63%) and
organic eggs (42.5%). The prevalence of E. coli
MDR has a strong association with antimicrobial
use [37]. MDR not only affects animals but also
has an impact on the environment by contaminating
soil, water, and human bodies through the transfer
of resistant organisms through the food chain and/or
direct contact with farm personnel [40].

One of the most important factors in the devel-
opment of resistance to antibiotics is the remarkable
ability of bacteria to share genetic resources through
lateral gene transfer, including plasmid, transposon,
and integrons [41]. Integrons can disseminate anti-
microbial-resistant genes by horizontal or vertical
transfer and play an important role in the evolution
and dissemination of MDR in Gram-negative bacte-
ria [42]. Class 1 integrons of E. coli are commonly
found in clinical and commensal strains from live-
stock, companion animals, and exotics [43]. In this
study, 29.7% (27/91) of E. coli strains were posi-
tive for class 1 or 2 integrons, with class 1 integrons
occurring at a much higher rate. These findings were
similar with those of other studies reporting the pre-
dominance of class 1 in human-derived E. coli and ani-
mal-associated Gram-negative bacteria [14, 44, 45].
Class 2 integrons have been commonly reported in
some species of Gram-negative organisms such as
Acinetobacter, Enterobacteriaceae, Salmonella, and
Pseudomonas. However, the prevalence of integron
detection in animal farms might be due to the type
of animals, farm size, and the amount or frequency
of antimicrobials used on the farms [32]. Moreover,
the high detection of integrons indicated the possi-
bility of dissemination of antimicrobial-resistant
genes between bacteria and potential transfer to
humans [45].

Understanding AMR determinants in pathogenic
bacteria inhabiting the food ecosystem is key for the
assessment of potential risks to consumers [46]. This
study showed that E. coli strains carrying virulence
genes had high resistance to streptomycin, ampicillin,
and tetracycline. In the study conducted by Okorie-
Kanu et al. [47], E. coli carrying virulence strains
from eggshells had higher resistance to streptomycin
and tetracycline than those in this study. A couple of
highly antimicrobial-resistant E. coli strains carrying
virulence genes will cause severe illness, resulting in
difficult treatment and increasing morbidity and mor-
tality in animals and humans.

Conclusion

This is the first report on the prevalence of vir-
ulence genes, AMR, and integrons of E. coli isolated
from eggshells from cage, free-range, and organic
eggs sold in supermarkets in Thailand. The findings
indicate that eggs from these three types of egg pro-
duction farms may be potential sources of patho-
genic and MDR E. coli infection in consumers. It is

recommended that the practices of good farm man-
agement, good hygiene, and reduction of antimi-
crobial use should be emphasized on animal farms,
especially in egg production farms, to ensure egg
safety. In addition, food handlers should be aware
of possible cross-contamination of pathogenic and
MDR E. coli or other pathogenic bacteria from
eggshells to other food materials, work surfaces,
or utensils when handling or cooking, as a public
health concern.
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