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ABSTRACT

Enterococcus faecalis (E. faecalis) and E. faecium (E. faecium) are
commensals of the gastrointestinal biota of humans and animals and are
considered opportunistic pathogens. This study aimed to improve the
knowledge about E. faecalis and E. faecium isolated from meat. To this
end, 104 meat samples were collected from sheep, goats, cattle, and calves
from Shahrekord local markets in Iran. Presumptive colonies of E.
faecalis and E. faecium were isolated from the samples and subjected to
identification tests. Antimicrobial susceptibility was determined using the
Kirby-Bauer disc diffusion method, and polymerase chain reaction (PCR)
was performed to detect some virulence genes. Furthermore, randomly
amplified polymorphic DNA typing and repetitive element sequence-
based PCR fingerprinting were used to show the clonal relatedness of the
isolates. The results revealed that enterococci were present in 90 out of
104 samples. Specifically, E. faecalis and E. faecium were the commonly
isolated species, with the predominance of E. faecalis, which exhibited
high resistance to streptomycin (95%) but was susceptible to vancomycin
(85.6%). Virulence genes detection showed that ccf and cpd genes were
the most prevalent genes in both species. In addition, the molecular typing
method indicated that the isolates belonged to separate subgroups. This
study shows the contamination of meat products by potential pathogens
and resistant enterococci. There is a need to implement regular
surveillance to monitor the emergence of antimicrobial-resistant E.
faecalis and E. faecium in food, particularly in meat production.
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1. Introduction

Enterococci are spherical Gram-positive bacteria that
occur in pairs and belong to humans' and animals'
intestinal tracts. As commensals, the Enterococcus
genus is generally recognized as safe, and its probiotic
properties are well-used in the food industry. However,
the emergence of opportunistic pathogens harboring
resistance and virulence genes makes their use a
potential health risk and a significant public health
concern (1). The most common enterococcal species
with a pathogenic profile are Enterococcus faecalis (E.
faecalis) and Enterococcus faecium (E. faecium) (2).
They can be involved in severe nosocomial infections
(such as urinary tract infections, peritoneal infections,
wound infections, bacteremia, and endocarditis) and
various infections for animals (including mastitis,
diarrhea, and sepsis) (3). In addition, they can adapt
and survive for a long time in new settings with
complex conditions (4). When these bacteria are
discharged into the environment, they may cause faecal
contamination of water, soil, wastewater, fruits, plants,
and animal-derived food (5).

The food chain is the main bridge for transmitting
resistance between humans and the environment. The
entry of enterococci into the food chain is due to poor
sanitary conditions (2). Numerous studies reported the
presence of enterococci in both fermented and non-
fermented foods (5). Enterococci contamination at
slaughter is expected because they are present in the
intestines of animals (6). They can also rapidly acquire
resistance genes from many bacterial species through
their mobile genetic elements (7). Some authors
reported high antimicrobial resistance rates in
enterococci collected from meat in Europe (8) and
Korea  (9). Therefore, antimicrobial-resistant-
enterococci strains from meat may be acquired by
humans, which is a genuine human health concern.

Enterococci contain a variety of virulence factors that
allow them to invade the gut and attach to various
extracellular matrix proteins and epithelial cells (10).
These factors have been found in human and animal
food strains (11). In Iran, particularly in Shahrekord,

few studies have reported the presence of E. faecalis
harboring resistance and virulence genes isolated from
meat (12). In addition, research has only focused on E.
faecalis, and more data must be collected on the
similarity of isolates recovered from meat. In this
respect, the current investigation aims to improve the
knowledge about E. faecalis and E. faecium isolated
from meat.

2. Materials and Methods

2.1. Sampling, Isolation, and Identification

In the summer of 2019, a total of 104 meat samples
were collected from sheep (n=26), goats (n=26),
cattle (n=26), and calves (n=26) from Shahrekord
local markets in Iran. The samples were promptly
sealed in a plastic bag, tagged, and transported in a
cold cycle to a microbiological laboratory. To isolate
enterococci, 5 g of each sample was suspended in 10
ml of Phosphate-buffered saline in a sterile
stomacher bag and centrifuged at medium speed for
two minutes using a Seward 400 laboratory
stomacher. In 0.85% (w/v) NaCl (Merck™,
Germany), specific serial dilutions of the
homogenates were made up to 10°. After that, 100 pl
of each dilution was inoculated on kanamycin
aesculin azide (KAA) agar (Merck™, Germany) and
incubated for 48 h at 37°C. Two typical enterococci
colonies on KAA were randomly chosen for further
examination from the most significant dilution of
each sample. For the early detection of enterococci,
Gram stain, catalase test, growth at 6.5% NaCl, and
Pyrrolidonyl Arylamidase (PYR) test were used. In
this investigation, the arabinose fermentation test
was used to distinguish E. faecalis from E. faecium.
To confirm the suspected enterococci colonies, E.
faecalis ATCC 29212 (Pasteur Institute of Iran) was
utilized as a reference strain. Colonies suspected of
being Enterococcus were identified using the growth
and hydrolysis of bile-esculin agar, growth in the
presence of 6.5% NaCl, the absence of catalase, the
presence of PYR test, 0.04% tellurite reduction,
arabinose utilization, arginine dihydrolase activity,



Shahveh et al / Archives of Razi Institute, Vol. 78, No. 4 (2023) 1387-1398 1389

methyl-a-d-glucopyranoside acidification, motility,
and pigmentation. Polymerase chain reaction (PCR)
using tfu primers was used to confirm species
identification (13).
2.2. DNA Extraction and PCR Assay

The genomic DNAs from E. faecalis isolates were
extracted using a DNA extraction kit (Cinapure
DNA, CinaClon, Iran) according to the
manufacturer's instructions. Following Green and
Sambrook (14), the total DNA was measured at 260
nm optical density. To identify enterococci and the
virulence genes, PCR was used with mainly targeted
primers (15-17).

2.3. ldentifying Virulence Genes by PCR

PCR was used to detect genes' virulence factors,
including genes, using particular primers. The primer
sequence, annealing temperature, and the utilized PCR
software are all listed in (table 1). PCR was conducted
using a DNA thermal cycler (Master Cycler Gradient,
Eppendorf, Germany). The amplicons were
electrophoresed in 1.5% agarose gel containing 0.5
pg/ml of ethidium bromide at 80 V for 30 min. PCR
results were seen and photographed using UV doc gel
documentation devices (Uvitec, UK). The 100-bp DNA
marker (Fermentas, Germany) was used as a molecular
size marker.
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Table 1. The oligonucleotide primers and the PCR programs used for amplification of virulence genes of
enterococci isolates

Target  Primer Oligonucleotide sequences (5’- PCR PCR Volume (50 Slze. of
gene 3%) programme pL) amplicon
(bp)
oc o0 cyele: 5 uL PCR buffer
5 min. 10X
39 cvele: 2 mM Mgcl?2
Qude o 200 uMdNTP
E. F: 60's (Fermentas)
faecalis  ATCAAGTACAGTTAGTCTTTATTAG oo 0.4 uM of each .
ddIE R: ACGATTCAAAGCTAACTGA 60's primers F & R
0 1 UITaq DNA
) polymerase
12c;/ncllne (Fermentas)
008 3 uL DNA
5 min template
o100 cyele: 5 WL PCR buffer
5 min. 10X
39 cvele 2 mM Mgcl?2
quie o 200 uM dNTP
E 60's (Fermentas)
taecium i TTGAGGCAGACCAGATTGACG  _opc — 0.4 uM of each 658
ddIE R: TATGACAGCGACTCCGATTCC 60's primers F & R
790C . 1 UITaq DNA
) polymerase
lzcg]cllne (Fermentas)
Ty 3 uL DNA
5 min template
F:GCACGCTATTACGAACTATGA 1 cycle
R:TAAGAAAGAACATCACCACGA 950C oo 5 ul PCR buffer
TE9: ACCCCG TATCATTGG TTT 5 min 10X
TE10: ACG CATTGC TTT TCC ATC 30 CyCIle 2.5 mm Mgcl2
asA-1 TE53GGG AAT;\—S\Q GTA GTG AAG 95 0C __ 200 MM dANTP 375
9 TES54AGC CGCTAAAATCGGTAA . 08 (Fermentas) 419
ccf, AAT e R 0.5 um of each 543
cob 30s primers F & R 1405
0C _
cpd TE49 AACATTCAGCAAACAAAGC ' . 2 %ITamqez':eA 782
TE49 TTGTCATAAAGAGTGGTCAT poly
1 cycle (Fermentas)
0C _ o ____
TE51 TGGTGGGTTATTTTTCAATTC 2 - 3 1l DNA template

TE52: TACGGCTCTGGCTTACTA
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2.4. Antimicrobial Susceptibility Testing

The Kirby-Bauer disc diffusion technique was
used to perform antimicrobial susceptibility testing
using Mueller-Hinton agar (Merck, Germany)
according to the Clinical Laboratory Standards
Institute (CLSI, 2019) standards. The following
antibiotics were used: ciprofloxacin (CP, 5 ug),
tetracycline (TE, 30 pg), meropenem (MEN, 10
KQ), co-trimoxazole (SXT, 25 ug), amikacin (AN,
30ug), gentamicin (GM, 10 pg), vancomycin (V,
30 ug), chloramphenicol (C, 30 ug), amoxicillin
(AM, 10 pg), streptomycin (S, 10 pg), and
cefotaxime (CTX, 30 pg) (produced by PadTan-
Teb, Iran).
2.5. RAPD Typing

In random amplified polymorphic DNA (RAPD)-
PCR analysis using primers, AP4 primers (5 TCA CGC
TGC A 3)were used for RAPD typing (18). The
amplified products were electrophoresed in 1 X Tris-
Acetate-EDTA on 1.2% agarose gel containing 0.5
pg/ml of ethidium bromide (Genei, Bangalore, India) at
60 V for 1 h. UV illumination was used to see the
items, and photographs were stored using a Multilmage
Light Cabinet (Alpha Innotech Corporation, USA).
Molecular weight markers were utilized to designate
band sizes, characteristics, and molecular weights.
Simpson's Index of Diversity equation was run to
construct a numerical index of the discriminating
ability of RAPD typing approaches. The NTSYSpc
software (version 2.0) of the Unweighted Pair-Group

Method and Arithmetic Mean was used to create
dendrograms for cluster analysis of all the isolates.

3. Results

3.1. Percentage of Enterococci Isolated per Type of
Meat

Out of 104 samples, enterococci were detected in 90
samples. Forty-two samples (46.66%) were infected
with E. faecalis, and 40 samples (44.44%) were
infected with E. faecium (Table 2). The Chi-square test
showed a statistically significant relationship between
meat type andE. faecalisinfection (P<0.05).
According to the Chi-square test, there is no
statistically significant relationship between meat type
and E. faecium infection (P>0.05).
3.2.  Antibiotic Resistance
Enterococci

Figure 1 shows the antibiotic resistance patterns of
the E. faecalis isolates. The results showed high
resistance rates for S (95%), CTX (85.6%), and
MEN (80.95%). Most of the isolates showed
intermediate resistance to AN (76.2%) but high
susceptibility rates to V (90.5%), AM (90.4%), and
C (85.7%).

Figure 2 shows antibiotic resistance patterns of the
E. faecium isolates. The results showed that 50% of
isolates were resistant to SXT and CXT. At least
25% of strains have intermediate resistance to each
antibiotic tested. The more efficient antibiotics were
V (65%), TE (52.5%), and CP (47.5%).

Pattern of the

Table 2. Number and percentage of positive cases of enterococcus spp isolated from meat in Shahrekord, Iran

No. of collected

No. of samples positive for

No. of samples positive for

Samples samples E. faecalis (%0) E. Faecium (%)
Cow 26 6 (14.28%) 10 (25%)
Meat Calf 26 16 (38.1%) 11 (27.5%)
Sheep 26 10 (23.81%) 9 (23.5%)
Goat 26 10 (23.81%) 10 (25%)
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Figure 1. Antibiotic resistance pattern of the Enterococcus

faecalis isolates. Legend: ciprofloxacin (CP), tetracycline

(TE), meropenem (MEN), erythromycine (E), amikacin (AN),

gentamicin (GM), vancomycin (V), chloramphenicol (C),

amoxicillin (AM), streptomycin (S), and cefotaxime (CTX)
3.3. Prevalence of Virulence Genes

The frequency of virulence genes in E. faecalis and E.
faecium isolates are shown in table 3. All the tested
virulence genes were found in both species. The
highest prevalence was obtained for ccf and cpd genes.
Specifically, 76.2% of E. faecalis and 75% of E.
faecium carried the ccf gene. The exact prevalence
values for both species were also found for
the cpd gene (Table 4).

Tables 3 and 5 present the prevalence of virulence
genes in E. faecalis and E. faecium isolates by the type
of meat. According to the Chi-square test, a statistically
significant relationship exists between asal and cob
genes found inE. faecalisand meat type.
Concerning E.  faecium, there is a statistically
significant relationship between asal and ccf genes and

70

60

375 375 375 375 375
" 35
2525

‘ PSS

cpP GM v C AM S X

Figure 2. Antibiotic resistance pattern of the E. faecium
isolates. Legend: ciprofloxacin (CP), tetracycline (TE),
meropenem (MEN), erythromycine (E), amikacin (AN),
gentamicin (GM), vancomycin (V), chloramphenicol (C),
amoxicillin (AM), streptomycin (S), and cefotaxime (CTX)

meat type (P<0.05).
3.4. Random Amplified Polymorphic DNA (RAPD)

In the genotyping of E. faecalis isolates with RAPD-
PCR marker whose dendrogram is shown in figure 3,
30 isolates were studied in 18 profiles (RAPD-PCR),
and a 21% to 100% similarity was observed between
the isolates. Moreover, a 100% similarity was observed
between isolates 1 and 25.

In the genotyping of E. faecium isolates with
RAPD-PCR marker whose dendrogram is shown in
figure 4, 30 isolates were studied in 21 profiles
(RAPD-PCR), and a 49% to 100% similarity was
observed between the isolates. A 100% similarity
was also observed between isolates 19, 22, 21, and
23, as well as between isolates 25 and 26 and isolates
27 and 28.

Table 3. Virulence genes in E. faecalis isolates as a function of meat type

Virulence gene Cow Calf Sheep Goat P-value
gel B 0% 1005 azs 0% 0.000
asal 0?% 922 O?%) O?%) 0.013
cob 11.59% 3812)% 19.85% 16.27% 0.008
cpd 11.59% 28.1527% 19.35% 16.27% 0.231

ccf 116% 2asrs  1905% 16.47% 0.231
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Table 4. Prevalence of virulence genes in E. faecalis and E. faecium isolates

Virulence ccf cpd cob gel E asal
gene n (%) n (%) n (%) n (%) n (%)
. 31 10
E. faecalis 32 (76.2%) 32 (76.2%) (7381%)  (23.81%) 4 (9.52%)
E.faccium 30 (75%) 30 (75%) (672575% | 20(50%) 6 (15%)

Table 5. Virulence genes in E. faecium isolates are more common in certain types of meat

Virulence Cow Calf Sheep Goat P-value
gene
gel E 12.55% 2235% 53/0 1(;1% 0.114
asal 0% 15% 0% 0% 0.001
cob 161% 217%5 165 165 0.162
cpd 20% 3 5 0 0.095
cef 22%% 321.2% 12.55% 7.2% 0.013

1393
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Figure 3. Random amplified polymorphic DNA—polymerase chain reaction (RAPD-PCR) molecular typing of E. faecalis isolates
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Figure 4. Random amplified polymorphic DNA—polymerase chain reaction (RAPD—PCR) molecular typing of E. faecium isolates
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4. Discussion

The most common enterococci recovered from foods
are E. faecalis and E. faecium, which may readily
acquire and spread both resistance and virulence
determinants. In this regard, investigations are needed
to characterize isolates contaminating foods. Therefore,
the present study of antimicrobial resistance
investigated virulence genes and the clonal relatedness
of E. faecalisand E. faeciumisolated from meat
sources in Shahrekord, Iran. In this study, 90 out of 104
samples produced enterococci colonies, which implies
using enterococci as an indicator of fecal contamination
of meat (19). In addition, E. faecalis and E. faecium are
the main enterococci species isolated, with a slightly
higher proportion of E. faecalis (46.66%) than E.
faecium (44.44%). Considering the sample size (104
samples), even E. faecalis predomination is not
significant, which aligns with Tyson, Nyirabahizi (9)
results. Furthermore, a nine-year surveillance of
antimicrobial trends of E. faecalis and E.
faecium throughout Korea shows that E. faecalis is the
most dominant species isolated from healthy cattle,
pigs, and chickens (20). Statistical analysis performed
in our study shows a statistically significant
relationship between meat type and E.
faecalis infection. No study highlights the relationship
between meat type and enterococci, but the high
proportion of E. faecalis may contribute to this
observation.

The antimicrobial susceptibility of E. faecalis and E.
faecium isolates from meats differed significantly for
both species. Determination of the resistance pattern of
the isolates shows that E. faecalis isolates exhibit high-
level resistance to the tested antibiotics, compared to E.
faecium. This is consistent with some studies reporting
similar observations (19). Specifically, E. faecalis
exhibited a high resistance against S (95%), which is in
line with the findings of many authors also reporting
the high prevalence of E. faecalis resistance to
aminoglycoside in Asia (21) and Europe (22). The use
of an aminoglycoside in animal production can largely

contribute to the emergence of resistant enterococci (2).
These phenomena cannot be neglected since they
threaten the efficacy of the broad-spectrum activity of
aminoglycosides. In addition, some E. faecalis and E.
faecium  strains are naturally  resistant  to
aminoglycosides, cephalosporins, macrolides, and
sulphonamides (6). This is consistent with the high
proportion of E. faecalis resistant to CTX (85.6%)
found in this study and their moderate resistance to AN
(76.2%). In a study by Golob, Pate (6), all isolates from
meat were susceptible to V, which is consistent with
the results of this study.

The prevalence of virulence genes shows that all the
tested virulence genes were found in both species. The
highest prevalence was obtained for ccfand cpd genes.
Specifically, 76.2% ofE. faecalisand 75% ofE.
faecium carried the ccfgene. The exact prevalence
values for both species were also found for the cpd gene.
The present findings support the results of Abouelnaga,
Lamas (23), indicating that ccfand cpd genes are the
most common virulence genes.

The chromosomal gel E gene encodes the gelatinase
enzyme, an extracellular metalloprotease hydrolyzing
collagen, gelatin, and small peptides, and it is involved
significantly in endocarditis formation in animal
models. Gelatinase damages the host tissue, decreases
the immune response, and contributes to the activation
of the autolysins and degrading of the peptidoglycans,
which subsequently leads to DNA release and biofilm
formation. E. faecalis with gelatinase genes have been
identified in about 33% of patients with endocarditis.
Heidari, Emaneini (24), (25) reported gel E as the most
recurrent virulence factor in E. faecalis strains. In
contrast, some studies have shown the absence or low
rate of this gene in enterococcal isolates (26, 27).

The most frequent virulence genes reported by
Shokoohizadeh, Ekrami (28) among 56 enterococci
isolates in hospitalized burn patients were gel E and asal
genes in E. faecalis (48.5%) and E. faecium (43%).

According to Fisher's exact test, there is a significant
relationship between meat type and gel E and asal
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genes in E. faecalis isolates, as well as meat type and
asal gene in E. faecium isolates (P<0.05). The Chi-
square test also showed a significant relationship
between meat type and cob gene in E. faecalis isolates,
as well as meat type and cob and and ccf genes in E.
faecium isolates (P<0.05).

This study used RAPD-PCR to classify E.
faecalis and E. faecium isolated from meat. Numerous
studies used RAPD typing and demonstrated its
advantages as being easy to use and requiring less
expensive epidemiological surveillance tools (29). The
present study used RAPD typing to evaluate distantly
related enterococcal isolates from a meat source. The
generated dendrogram classified E. faecalis isolates
into 18 profiles and E. faecium isolates into 21. The
placement of the isolates in several different profiles
shows the acceptable differentiation power of this
technique in genotyping E. faecalis and E. faecium
isolates. Moreover, the results of this study show that
RAPD-PCR is a simple, fast, and low-cost method to
describe the genetic diversity of E. faecium strains.
However, it is recommended that more research is
conducted on the samples and in comparison with
methods such as Multilocus sequence typing and
Pulsed-field gel electrophoresis.

In conclusion, the current study indicates an alarming
presence of enterococci species resistant to commonly
used antibiotics. Various virulence genes are evidence
of the potential threat these strains present to public
health. Therefore, the findings support the need to
implement regular surveillance to monitor the
emergence of antimicrobial-resistant E. faecalis and E.
faecium in food, particularly meat production.
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