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Abstract

Enterococci cause meat and environmental contamination during slaughter
time. In this study, virulence and antimicrobial resistance (AMR)
characteristics of enterococci isolated from chickens were determined. A total
of 107 cloacal swabs of chickens were inoculated onto Slanetz and Bartley
agar and incubated at 37°C for 24-48 h. Gram staining, catalase, and hemolytic
tests were done. AMR was determined using the disc diffusion technique
against twelve antimicrobials. Molecular detection of AMR genes: blaz, aphA,
aacA-aphD, ermB, tetlL, tetM, and vanC, and virulence factors: agrBes,
efaAers, esp, gelE, and hyl were done on selected isolates using PCR. Ninety-
five isolates were Enterococcus species. The isolates showed resistance to
tetracycline, cefoxitin, amoxicillin, and imipenem and possessed tetL, tetM,
ermB, aphA, vanC, aaca-aphD resistance and gelE, agrBef, efaAfs, espfs and
hyl virulence genes. This is the first detection of AMR and virulence genes in
multi-drug resistant enterococci among chickens in the locality. These
enterococci could constitute a reservoir of virulence and resistance properties
which are of animal and public health concern.

Introduction

other organisms in a multi-culture environment

Enterococcus species are commensals that inhabit the
gastrointestinal tracts (GIT) of animals and humans
and they play a role in digestion and other metabolic
activities in their host (Hanchi et al., 2018). Although
some Enterococcus species are beneficial microbe,
most are opportunistic pathogens that may cause
nosocomial infections in humans (Rowland et al.,
2018). These microorganisms can be transferred
horizontally through contaminated materials resulting
in disease conditions such as wound infections,
bacteremia, urogenital infections, septicemia, and
endocarditis (Dolka et al., 2019). They can penetrate
the intestinal epithelium and initiate extraintestinal
infections (Ramos et al., 2019).

Enterococcus spp is known to be resistant to most
antibiotics. Their resistance to antibiotics can be
acquired through genetic transfer and become a
reservoir of virulence and resistance properties
(Munita and Arias, 2016).

The genetic flexibility of the organism aids in its
ability to harbor these genes which can be transmitted to

(Chajecka-Wierzchowska et al., 2017). These organisms
show resistance to cephalosporins, beta-lactams, and
aminoglycosides and can acquire resistance to
gentamicin, macrolides, tetracycline, streptogramin, and
glycopeptides (Zalipour et al., 2019); and some strains
are multidrug-resistant (Farman et al., 2019). Resistance
to these classes of antibiotics makes treatment of
enterococcal infections and infections caused by other
enteric bacteria like E. coli, Klebsiella, and Salmonella
which make up the intestinal microbiota very difficult
(Farman et al., 2019).

There are many virulence factors associated with
enterococci, these include their ability to inhabit the
GIT and/or invade and attach to the intestinal
epithelial cells (Ahmed and Baptiste, 2018). This
facilitates the assembling of bacteria for effective
transmission of the conjugative plasmids from the
donor to the recipient, biofilm formation, and
adherence to abiotic surfaces. In both humans and
animals, enterococci have been shown to act on
hyaluronic acid and increase bacterial
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invasion. Virulence genes such as asal (aggregation
substance), gelE, (gelatinase) cylA (cytolysin), esp
(enterococcal surface protein), hyl (hyaluronidase),
ace (collagen binding protein), and efaA (endocarditis
antigen) are very common determinant factors of
enterococcal virulence (Madsen et al., 2017).
Researchers have shown that Enterococcus strains
that have antibiotics resistance genes and can reveal
virulence determinants cause more serious infections
when compared to strains without virulence
determinants (Chajecka-Wierzchowska et al., 2017).
Their pathogenesis involves colonization, adhesion,
and invasion of tissues which brings about resistance
through defensive mechanisms (Flores-Mireles et al.,
2015). For a microorganism to be pathogenic, it has
to harbor and express resistance and virulence
attributes, and their molecular determinants (Heidari
etal., 2016).

Although there is documented no safety margin
with respect to enterococci in chicken meat, reports
have shown that transfer of antimicrobial resistant
strains of enterococci to human may be possible
(Conwell et al., 2017), since chicken retail meat have
been reported to harbor antibiotic-resistant
enterococci strains (Manson et al., 2019). Genetic
transfer of resistance through plasmids or transposons
and also through mutations in the chromosome causes
setbacks in the control of infections (Munita and
Arias, 2016). Dissemination of resistant genes such as
tetM, ermB, and aphA-Il1 in enterococci was reported
to be associated with mobile genetic elements e.g.;
transposons  Tn916/Tn1545, Tn917/Tn551, and
Tn5397 (Hegstad et al., 2010) which could occur in
E. faecalis through induction of plasmid transmission
by production of pheromones (Hirt et al., 2018).

Since it has been established that there is a
relationship between the distribution and circulation
of resistance genes in chicken production and the use
of antimicrobials for growth and therapeutic
interventions which is still very much in practice in
the study area, there is a need for monitoring the
antimicrobial resistance in chicken for the safety of
the consumers and the environment (Manyi-Loh et
al., 2018). The prevalence of enterococci in the
microflora of animals means that meat and
environmental contamination during processing is
highly possible. Therefore, screening chickens for
virulence and resistance attributes that can constitute
a threat to animal and public health should be a
routine practice (Hasan et al., 2018). This study was
therefore carried out to ascertain the antimicrobial
resistance characteristics and the presence of
virulence and resistance genes in Enterococcus spp
isolated from chickens.

Materials and Methods
One hundred and seven cloacal swab samples were

randomly collected from chickens (layers and
broilers) from 11 poultry farms in Nsukka, Nigeria.
Fifty-seven layers and 50 broilers were sampled. The
layers were 24 weeks old while the broilers were 10
weeks old. All the farms were operating deep-litter
systems. All the samples were collected from living
and healthy chickens. The cloacal swab samples were
inoculated onto a selective medium (Slanetz and
Bartley agar) and blood agar supplemented with 5%
sheep blood incubated at 37 °C for 24 to 48 h. The
enterococci isolates were identified based on their
colony morphology, Gram’s staining, the presence
and type of hemolysis, and catalase production
(Devriese et al. 1993). Samples that were Gram’s-
positive diplococci, catalase-negative, and hemolytic
were presumed to be enterococci.

Antimicrobial ~ susceptibility tests of the
enterococci isolates were determined by the disc
diffusion technique on Mueller Hinton agar (CLSI.,
2018). Eleven antibiotics (Oxoid) were used and they
include: amoxicillin (30 pg), ampicillin (10ug),
ciprofloxacin (5 pg), ceftriaxone (30 pg),
chloramphenicol (30 pg), imipenem (10ug),
sulphamethoxazole/trimethoprim (25 ua),
gentamycin (30 ug), tetracycline (30 ug),
vancomycin (5 pg) and streptomycin (10 pg). The
antibiotics were classified as susceptible or resistant
according to the criteria of the Clinical and
Laboratory Standards Institute (CLSI., 2018).

DNA extraction and antibiotic resistance gene
detection

Overnight cultures of presumptive enterococci were
used for DNA extraction as previously described
(Cancilla et al, 1992). Strains were inoculated into
10 mL Nutrient broth (HiMedia, India). They were
put in the incubator for 24 h at 37°C. One milliliter of
the culture was transferred into a microcentrifuge
tube and centrifuged at 16,800 xg for 2 min. The
resultant cell pellet from the centrifugation was
suspended in 200 puL of Tris-EDTA buffer (pH 7.2)
and 30 pL of lysozyme (2000U/uL) and mixed by
gentle rocking. The mixture was incubated at 37°C
for 1 h. Then, 33 pL of 10% SDS (v/v) was added
and incubated at 62°C for 30 min. Three hundred
microlitres of phenol: chloroform: isoamyl alcohol at
the ratio of 25:24:1 was added and mixed very well
using a vortex mixer for 10 sec, and centrifuged at
16,800 xg for 1min. The top filtrate was recovered
and transferred to a new centrifuge tube, then 1/10
volume of 3 M sodium acetate was added to it and
mixed very well by inverting the tube. Two volumes
of ethanol (100%) were added to the mixture and
incubated on ice for 5 min. The solution was
centrifuged at 16,800 xg for 5 min and the
supernatant recovered. One milliliter of 70% ethanol
was used to wash the DNA pellet and centrifuged at
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16,800 x g for 1min and air-dried for 10 min. The
DNA was resuspended in 100 pL of Tris-EDTA
buffer (pH 8.0).

Polymerase chain reaction (PCR)

PCR detection of antibiotic-resistant genes using
DNA from the selected isolates of Enterococcus
species was carried out. They were tested for the
presence of blaZ, aacA-aphD, aphA, ermB, tetL, tetM
and vanC genes, that code for penicillin,
aminoglycoside (gentamycin), erythromycin,
tetracycline, and vancomycin resistance respectively.
Table | shows the primers used and they were
synthesized from Xcleris (India). The PCR volume
was similar in all the processes. A 25 puL was used
that contained 12.5 pyL EmeraldAmp® GT PCR
Master Mix (Takara Clontech, Japan), 10 pmol/uL of
forward and reverse primers of every gene, 0.01 pg-
0.2 ug template and sterilized nuclease-free water that
made the total volume was used. All the processes
were done using a Mastercycler Gradient
Thermocycler (Applied Biosystems, USA). The

detection of tetL, and tetM, (ermB, aacA-aphD, and
aphA) was carried out in a Multiplex PCR assay
under cycling conditions as described by Zehra et al.,
(2017). The amplification conditions  were
denaturation of DNA at 94°C for 5 min, 35 cycles of
denaturation at 94°C for 30 sec,annealing at 55°C for
30 sec, extension at 72°C for 30 sec, and final
extension at 72°C for 4 minand hold at 4°C.
Amplification of blaZ gene was done at denaturation
of DNA at 94°C for 45 sec, 30 cycles of denaturation
at 94°C for 20 sec, annealing at 55°C for 15 sec,
extension at 70°C for 15 sec, and extension at 72°C
for 2 min and hold at 4°C (Zehra et al., 2017). For
vanC gene, the amplification mixture consists of the
following: 12.5 pyL master mix EmeraldAmp® GT
PCR Master Mix, 2 uM of each primer, 0.1 pg
template DNA, and amplification conditions were
initial denaturation at 98°C for 2 min, followed by 35
cycles each of denaturation at 98°C for 10 seco,,
annealing at 50°C for 1 min, extension at 72°C for 60
secand final extension at 72°C for 5 min (Saha et al.,
2008).

Table 1. The primers used in PCR for the detection of resistance and virulence genes in Enterococcus isolates

Annealing

Genes ! Primer Sequence (5' - 3') Product size (bp) temperature (*C) cycles
tetM GTG GAC AAA GGT ACA ACG AG 406 55 35
CGG TAAAGT TCG TCACAC AC
tetL TCGTTAGCG TGC TGT CAT TC 267 55 35
GTATCC CAC CAATGT AGC CG
ermB AGT AAC GGT ACT TAAATT GTT TAC 639 55 35
GAA AAG GTA CTC AAC CAA ATA
aacA-aphD CAG AGC CTT GGG AAG ATG AAG 348 55 35
CCT CGT GTAATT CATGTT CTG GC
aphA ATG GGC TCG CGATAATGT C 630 55 35
CTC ACCGAG GCAGTTCCAT
vanC GAA AGA CAA CAG GAA GAC CGC 796 55 35
ATC GCATCA CAA GCACCAATC
agrBess TTT ATT GGT ATG CGC CAC AA 173 52 35
CAT CAG ACC TTG GAT GAC GA
efaAets GAC AGA CCC TCACGAATA 704 52 35
AGT TCATCATGC TGT AGT A
espfs TTG CTAATG CTAGTC CACGACC 955 52 35
GCG TCAACACTT GCATTG CCG AA
gelE AGT TCATGT CTATTTTCTTCAC 403 52 35
CTT CAT TAT TTACACGTT TG
hyl GAG TAG AGG AAT ATCTTAGC 662 52 35

AGG CTC CAATTCTGT

! tetM= encoding tetracycline resistance protein; tetL= encoding tetracycline resistance leader peptide; ermB= tetL
macrolide-lincosamide-streptogramin B resistance protein; aacA-aphD= encoding aminoglycoside resistance protein;
aphA= encoding Class B acid phosphatase; vanC= encoding vancomycin C-type resistance protein; agrBes= encoding
putative agrB-like protein gene of E. faecalis; efaAes= encoding Enterococcus faecalis endocarditis antigen; espss=
encoding enterococcal surface protein; gelE= encoding gelatinase; hyl= encoding hyaluronidase.

Detection of Virulence genes

PCR was performed for detecting five of the genes
encoding virulence factors which include the
following: enterococcal surface protein (esp),
gelatinase (gelE), Enterococcus faecalis endocarditis
antigen (efaAess), putative agrB-like protein gene

of E. faecalis (agrBes) and hyaluronidase (hyl).
Primers were synthesized as previously described and
were as follows: esp, hyl, gelE, agrBes
(Vankerckhoven et al. 2004), and efaAgs (Dupre et
al., 2003). One percent agarose gel electrophoresis
was used to separate the bands in 1x TAE buffer and
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stained with Red Safe dye (CinnaGen Co., Tehran,
Iran) and visualized under transillumination.

Results

The isolation rate of Enterococcus species from
chicken

Enterococcus species were isolated from 95 (88.8%)
of the 107 cloacal swab samples. Forty (46.7%)
isolates were from broilers while 45 (42.1%) isolates
were from layers. They were all catalase negative.

Three (3.2%) isolates were hemolytic (beta-
hemolysis) while 92 (96.8%) isolates were non-
hemolytic on blood agar.

Antibiotic
isolates
Most of the Enterococcus isolates were resistant to
tetracycline 71 (94.7%) while they showed the least
resistance to amoxicillin 14 (18.7%) and imipenem
12 (16%) (Table 2).

resistance profile of Enterococcus

Table 2. Antibacterial resistance profile of Enterococcus species isolated from chickens

Antimicrobial agent

No of isolates (%)

No of isolates (%) No of isolates (%)

Resistant Intermediate Susceptible
Tetracycline 71 (94.6) 2(2.7) 2(2.7)
Streptomycin 61 (81.3) 3(4) 11(14.7)
Gentamicin 50(66.7) 4(5.3) 21(28)
Sulphamethoxazole/ Trimethoprim 42(56) 2(2.7) 31(41.3)
Ampicillin 41(54.7) 0(0) 34(45.3)
Ceftriaxone 36(48) 27(36) 12(16)
Chloramphenicol 32(42.7) 5(6.6) 38(50.7)
Vancomycin 23(31.1) 25(33.7) 26(35.1)
Ciprofloxacin 19(25.3) 9(12) 47(62.7)
Amoxicillin 14(18.7) 0(0) 61(81.3)
Imipenem 12(16) 3(4) 60(80)

Isolates from broilers exhibited resistance to most of the antibiotics when compared with those isolated from layers. The
Enterococcus strains isolated from layers did not show resistance to amoxicillin and imipenem (Figure 1).
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Figure 1. Antibiotic resistance rates (%) of Enterococcus species isolated from broilers and layers

The Enterococcus isolates showed 52 resistance
patterns. TE-S and TE-S-AMP were the most
predominant pattern with frequency of 4 each. Out of
72 isolates investigated, 1 (1.4%) was resistant to all
the 12 antibiotics used, 3 (4.2%) were resistant to one
antibiotic each, while 68 (94.7%) were resistant to 3
to 11 antibiotics used in this study (Table 3).

Occurrence and distribution of
resistance genes
Out of 30 enterococcal isolates selected and tested for

antibiotic

resistance genes, tetL, tetM, ermB, aphA, vanC, and
aaca-aphD were present in 28 (93.3%), 20 (66.7%),
18 (60.0%), 115 (36.7%), 7 (23.3%) and 2 (6.7%)
respectively. The Enterococcus strains tested
harbored 6 resistance genes out of 7 genes tested.
blaZz gene was not detected among the isolates. The
resistance gene pattern of the Enterococcus strains is
presented in Table 4. Eight patterns were observed,
with tetL- tetM being the predominant combination.
The number of resistance genes per strain ranged
from one to five.
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Table 3. Resistance pattern exhibited by Enterococcus species isolated from chickens

Resistant pattern

No of isolates (%)

AMP

TE

VA

TE-CN

TE-S

S-CN

TE-CN-VA
TE-S-AMP
TE-CRO-CN
TE-S-CN

TE-CN-CIP
TE-S-SXT
TE-S-AMC
S-CN-SXT-CIP
TE-S-CN-SXT
TE-S-CN-VA
TE-S-CRO-CN
TE-S-CRO-CN-SXT
TE-S-CN-SXT-VA
TE-S-C-CN-SXT
TE-CRO-CN-SXT-VA
TE-AMP-CRO-SXT-CIP
TE-S-AMP-CRO-VA
TE-S-AMP-CRO-C
TE-S-CRO-SXT-VA
TE-CN-SXT-VA-CIP
TE-S-AMP-CRO-CN
TE-S-AMP-CRO-CIP
TE-S-AMP-C-SXT
TE-S-C-CN-SXT-CIP
TE-S-C-CN-SXT-VA

TE-AMP-CRO-CN-SXT-VA

TE-S-AMP-CRO-C-CN
TE-S-AMP-CRO-C-VA
TE-S-AMP-C-SXT-CIP
TE-S-CRO-C-CN-SXT

TE-S-AMP-C-CN-SXT

TE-S-AMP-CRO-CIP-AMC-IMP
TE-S-AMP-C-CN-SXT-VA
TE-S-AMP-C-CN-SXT-AMC
TE-S-AMP-CRO-C-CN-SXT
TE-S-AMP-CRO-C-CN-SXT-CIP
TE-S-AMP-CRO-C-CN-SXT-VA
TE-S-AMP-CRO-C-SXT-AMC-IMP
TE-S-AMP-CRO-CN-SXT-CIP-AMC-IMP
TE-S-AMP-CRO-CN-CIP-VA-AMC-IMP
TE-S-AMP-CRO-C-CN-SXT-CIP-VA
TE-S-AMP-CRO-C-CN-SXT-AMC-IMP
TE-S-AMP-CRO-CN-SXT-CIP-VA-AMC-IMP
TE-S-AMP-CRO-C-CN-SXT-VA-AMC-IMP
TE-S-AMP-CRO-C-CN-SXT-CIP-AMC-IMP
TE-S-AMP-CRO0-C-CN-SXT-CIP-VA-AMC-IMP

Total

1(1.39)
1(1.39)
1(1.39)
2(2.78)
4(5.56)
1(1.39)
1(1.39)
4(5.56)
2(2.78)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
3(4.17)
1(1.39)
1(1.39)
1(1.39)
2(2.78)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
3(4.17)
1(1.39)
2(2.78)
1(1.39)
1(1.39)
2(2.78)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
1(1.39)
2(2.78)
2(2.78)
1(1.39)
2(2.78)
2(2.78)
1(1.39)
1(1.39)
2(2.78)
1(1.39)
1(1.39)
1(1.39)
72

Amoxicillin (AMC), Ampicillin (AMP), Ciprofloxacin (CIP), Ceftriaxone (CRO), Chloramphenicol (C), Imipenem (IMP),
Sulphamethoxazole/Trimethoprim (SXT), Gentamycin (CN), Tetracycline (TE), Vancomycin (VA) And Streptomycin (S).
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Table 4. Resistance gene pattern of the selected Enterococcus species isolated from chickens

Resistance gene pattern

No of isolates (%)

aaca-aphD — aphA — ermB — tetL — tetM
aphA — ermB — tetL — tetM

aphA — ermB — tetL — tetM — vanC
aphA —ermB — tetM

ermB — tetL — tetM — vanC

ermB — tetL
tetL — tetM
tetL

Total

1(7.7)
1(7.7)
2(15.4)
1(7.7)
1(7.7)
2(15.4)
3(23.1)
2(15.4)
13

Occurrence and distribution of virulence genes

The five virulence genes tested were detected among
the isolates. Out of the 30 selected isolates tested for
virulence genes, 18 (60%) isolates haboured
virulence genes as follows: gelE (15), agrBef (14),

efaAfs (12), hyl (4) and espfs (3) genes. Six patterns
were observed, with agrBef - gelE— efaAfs — hyl and
gelE as predominant patterns. There were one to four
virulence genes per strain observed (Table 5).

Table 5. Virulence gene pattern of the selected Enterococcus species isolated from chickens

Virulence gene pattern

No of isolates (%)

agrBef — gelE - 1(14.3)

agrBef - gelE — efaAfs 1(14.3)

agrBef - gelE — efaAfs— hyl 1(14.3)

agrBef - gelE — efaAfs — espfs 1(14.3)

agrBef — efaAfs 1(14.3)

gelE 2(28.6)

Total 7

Discussion In this study 5 classes of antibiotics were used, and a

Enterococci in poultry are mostly recovered from
their faeces (Ali et al., 2013). The 88.8% isolation
rate of Enterococcus species shows that the organism
is highly present in the gastrointestinal tract of
chickens in the study area and could constitute a
source of environmental contamination. This was
greater than that reported by Amaechi and Nwankwo
(2015) among chickens in Nigeria and also greater
than that reported by some researchers in other parts
of the world (Sanlibaba et al., 2018). The results
showed that broiler farms were more contaminated
with enterococci than the layer farms and the
variation in the isolation rate in this study may be
related to differences in the rate of contamination of
farm environments and the chickens themselves. This
high isolation rate observed in this study indicates
that the Enterococcus species is endemic among
chickens in the area. The chickens may have acquired
these bacteria through contamination of their food
and water by faecal droppings. The high occurrence
of enterococci in chickens could be a means of
infection to human through meat or occupational
hazards for farmers and poultry workers which could
become a potential public health concern (Sgrensen et
al., 2001).

The result of antibacterial testing revealed that all
of the enterococci were resistant to one or more
antibacterial agents tested. The high incidence of
antibiotic-resistant enterococci to more than one drug
is of great public health concern (Tian et al., 2019).

higher percentage of the isolates tested were resistant
to 3 or more classes of antibiotics which show that
they are multidrug resistant. These results are in line
with the reports of Top et al (2007), who found that
Enterococcus species showed resistance to more than
one antimicrobial. Their report of the organism being
resistant also to disinfectants and alcohols make the
presence of the organisms in the area a public health
concern. Enterococci are known to be naturally
resistant to many antibiotics commonly used for the
treatment of several bacterial infections. These
acquire by their potential to obtain and transmit genes
responsible for resistance through plasmids and
transposons (Munita and Arias, 2016). Statistics of
resistance to antimicrobials by enterococci isolated
from food animals have shown that there is a
relationship between the antimicrobial used in animal
production and the resistant strains in animals and
animal products (Kimera et al., 2020).

The highest level of resistance was observed for
tetracycline. Tetracycline is a broad-spectrum
antibiotic frequently used for growth promotion and
treatment of chicken infection in Nigeria (Oluwasile
et al., 2014). The high rate of resistance to
tetracycline recorded in this study may be a result of
continuous use of the drug in poultry production. This
result is similar to work by Ayeni et al. (2016) in
Nigeria who reported a high rate of tetracycline
resistance in Enterococcus species recovered from
chickens and a high occurrence of resistance to
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tetracycline among enterococci isolated from broilers
was also reported by Cauwerts et al. (2007). The high
occurrence of resistance to tetracycline seen in this
study was in line with the high occurrence of tetL and
tetM genes. The tetL gene is a large protein with 14
transmembrane domains and exhibits tetracycline
resistance through active efflux (Miller et al., 2014).
On the other hand, tetM gene is often detected
tetracycline  resistance  determinant seen in
enterococci. It exhibits resistance because of the
ribosome protection through large cytoplasmic
proteins that resemble the elongation attributes
(Cauwerts et al., 2007).

In Enterococcus, erm genes are encoded by the
methylation of the 23S RNA with the help of
methylase enzymes, this is seen in the resistance to
MLSB antibiotics by the bacteria (Miller et al.,
2014). In this study, ermB gene was seen in 8
isolates. This study did not evaluate any relationship
among tet and erm genes but ermB gene was detected
in 8 isolates and in 6 of the 8 Enterococcus species
that possessed tetM gene. Wist et al. (2020) have
recorded that tetracycline resistance is usually seen in
enterococci isolated from poultry that carries ermB
gene. It has been reported that Enterococcus species
from chicken may harbor MLSg and tetracycline
resistance genes which may be transferred to other
bacteria by trans, a transposon, known to carry multi-
resistance gene clusters (Argudin et al., 2017).

The acquired mechanism of aminoglycoside
resistance in enterococci include the following
ribosomal target modification, transport alteration,
and enzymatic modification (Miller et al., 2014).
High resistance rates to streptomycin and gentamicin
were also observed in this study although the disc
concentration was lower than recommended. This
suggests that the isolates may harbor genes encoding
resistance to these antibiotics. In this present study,
the aaca-aphD and aphA genes were detected. These
genes encode for aminoglycoside alteration and can
show much resistance to aminoglycoside and to
collaborate between agents that activate cell walls
and aminoglycoside (Agarwal et al., 2009). The
aaca-aphD and aphA genes were observed in 2 and
11 isolates respectively of the 13 isolates tested. In
Nigeria, Amaechi and Nwankwo (2015) recorded
zero resistance to gentamicin among Enterococcus
species isolated from chickens which are contrary to
the report in this study. No reason could be given for
this finding except that the use of gentamycin for the
treatment of chicken infections without veterinary
recommendation may be increasing in Nigeria among
farmers. It has been reported that a high level of
streptomycin resistance was more frequent than a
high level of gentamicin resistance (Fracalanza et al.,
2007) as observed in this present study.

Moderate rates of resistance to ampicillin,
sulfamethoxazole [/trimethoprim, ceftriaxone,

chloramphenicol, ciprofloxacin, and vancomycin
were observed among Enterococcus species tested in
this study. This suggests that the isolates exerted
selection pressure and developed resistance against
these antibacterial agents. Vancomycin resistance is
of great concern since its emergence has been
reported in many studies. Olawale et al. (2011)
reported 42.9% vancomycin resistance in EKkiti state,
Nigeria. Vancomycin resistance has been documented
as a result of keeping vancomycin resistance genes by
some enterococci (Melese et al., 2020) which
supports the detection vanC gene in 7 (23.3%) of the
isolates tested in this study. Although vanC gene was
reported to be responsible for resistance to low levels
of vancomycin (Reynolds and Courvalin, 2005),
Vancomycin-resistant  enterococci  (VRE) are
responsible for difficult-to-treat infection in both
humans and animals and have been reported in health
facilities in most countries (Bell et al., 1998). The
detection of vanC gene and vancomycin resistance in
this study is therefore of both animal and public
health concern.

Though moderate resistance to chloramphenicol
and ciprofloxacin was recorded, Unal et al. (2017)
have reported high resistance to ciprofloxacin and
chloramphenicol in enterococci isolated from poultry.
However, the presence of enterococci that are
vancomycin-resistant together with resistance to
aminoglycoside needs to be given continual concern
so0 that vancomycin resistance can be detected early to

curb the spread of such multidrug-resistant
Enterococcus species.
Enterococcus isolates from broilers showed

higher resistance to all antibiotics than those from
layers. A similar result was reported by Yoshimura et
al (2000). This could be because in poultry
production, antibiotics are commonly used in the
management of infection as a growth promoter
among broilers than the layers (Xu et al., 2020). This
has led to resistance to these antibiotics by
Enterococcus species.

The occurrence of enterococci in food animals is a
sign that there is contamination of the environment by
faecal material and this poses a threat to human well-
being (Mehdi et al.,, 2018). The resistance of
Enterococcus species in this study to antibiotics
commonly used in animals and humans, and the
presence of their respective genes is of great concern.
This shows that Enterococcus can disseminate these
resistant genes to other bacteria (Price et al., 2019).
The occurrence of vanC gene is an indication that the
poultry farms sampled in this study could play a role
in the circulation of vancomycin resistance.

The pathogenicity of Enterococcus is brought
about by many factors which are associated with
many genes. esp gene encodes for the virulence of
Enterococcus spp responsible for adhesion to
eukaryotic cells leading to suppression of the host

Poultry Science Journal 2023, 11(1): 47-57



54

Virulence and Antimicrobial Resistance of Enterococcus Sp.

immune system (Kiruthiga et al., 2020). This gene is
situated in the chromosome of enterococci and it
plays a role in colonization (Kiruthiga et al., 2020).
Its presence is associated with biofilm formation in
enterococci (Azizi et al., 2017). In this study, espfs
gene specific for E. faecalis was detected in 3 of the
Enterococcus isolates tested, which shows the biofilm
formation capabilities. Also, E. faecalis with esp gene
is multi-resistant to different antibiotics including
vancomycin (Weng et al., 2019). In this study, the
espfs gene-positive isolates also harbored vanC gene,
which suggests a relationship between the two genes.
gelE gene is a virulent factor encoding gelatinase
(an extracellular Zn-Metallo-endopeptidase) (Del
Papa et al.,, 2007). Gelatinase binds to fibrin
enhancing tissue damage in the host thereby
promoting bacterial dissemination, especially in
infections caused by E. faecalis (Ahmed and Baptiste,
2018). This protease is also involved in biofilm
formation which enables enterococci to adhere in
some infected areas (Del Papa et al., 2007). Some
researchers pointed out that there may be an absence
of the gene expression even though the gelE
determinant gene is detected (Popovi¢ et al., 2018).

The virulence gene efaA is associated with the
pathogenesis of endocarditis (Ahmed and Baptiste,
2018). The two most common variants are efaAfs in
E. faecalis and efaAfm in E. faecium (Stepien-Py$niak
et al., 2019). This study found that 12 of the
enterococci tested harbor efaAfs gene which shows
that those isolates may be E. faecalis. This is a very
important  species that is incriminated with
nosocomial infections in humans (Bhardwaj, 2019)
and whose vancomycin-resistant strains have been
implicated in difficult-to-treat infections.

The hyl gene encodes a hyaluronidase which
hydrolyses hyaluronic acid that is involved in
translocation (Starr and Engleberg, 2006). This gene
is associated with antimicrobial-resistant genes and
pilin genes found in the plasmid (Laverde Gomez et
al., 2011). In our study, the hyl gene was present in
one Enterococcus isolate from sampled chicken that
is vanC-positive strains. Gram-positive bacteria
expressing hyaluronidase have been shown to affect
the mucosal and/or skin surface of humans and
animals causing different lesions/infections (Hynes
and Walton, 2000).
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