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Abstract

The current study aimed to assess the prevalence of Enterococcus species isolated from some
farmed fish species, including tilapia (Oreochromis niloticus), brush tooth lizard (Saurida
undosquamis), horse mackerel (Trachurus trachurus), and red porgy (Pagrus pagrus) sold in
Zagazig city, Sharkia Governorate, Egypt. Additionally, antimicrobial susceptibility testing was
performed for Enterococcus species using the disc diffusion method. Furthermore, multiplex
PCR was performed to identify virulence-associated genes of Enterococcus faecalis isolates. The
results indicated contamination of the examined fish with various Enterococcus species with an
overall total prevalence of 52.5%. The identified Enterococcus species were E. faecalis
(26.25%), E. faecium (15%), and E. hirae, E. raffinosus, and E. durans (3.75%, each). The
antibiotic sensitivity test revealed variable resistance patterns of the retrieved isolates to various
antimicrobial agents, such as kanamycin (100%), clindamycin (76.9%), sulfamethoxazole
(69.2%), ampicillin (69.2%), and colistin (61.5%). PCR screening of virulence genes revealed
that E. faecalis harbored sodA (100%), gelE (83.3%), and ace (50%) genes. Consequently,
urgent measures are needed to implement hygienic practices to control microbial contamination
in both the aquatic environment and fish markets.

Keywords: Fish, E. faecalis, E. faecium, Antimicrobial susceptibility, Virulence genes.

Introduction as Enterococcus species. In  Egyptian
aquaculture, the presence and emergence
of Enterococcus species within certain
fish species have become a subject of
scientific inquiry due to its potential
implications for both aquatic ecosystems
and public health [2]. Enterococcus spp.
are  Gram-positive  diplococcal  bacteria
that inhabit the intestines of humans and

value, fish holds cultural and economic am_mal_s._ While they play a role in
importance worldwide, contributing to the maintaining the bglance Of. the gut
livelihoods of millions of people [1]. microbiota, certain strains of
However, the safety of fish consumption Enterococcus, particularly Enterococcus
i a concern due to potential faecalis and Enterococcus faecium are

contamination with microorganisms such opportunistic pathogens capable of

Fish is a significant component of the
human diet, valued for its high-quality
protein, essential omega-3 fatty acids, and
various micronutrients. The consumption
of fish and its meat is associated with
numerous  health  benefits, including
cardiovascular health and brain
development. In addition to its nutritional
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causing infections in humans like urinary
tract infections, endocarditis, and
nosocomial infections [3]. Enterococcus
can enter aquatic ecosystems through
various sources, including sewage
discharge, agricultural runoff, and
industrial ~ discharges. Once introduced
into water bodies, these bacteria can
persist, multiply, and potentially
contaminate fish and seafood [4]. The
presence of Enterococcus in fish is a
concern not only due to its potential
pathogenicity but also because it serves as
an indicator of fecal contamination. High
levels of Enterococcus in fish can be
indicative of poor water quality and
unsanitary conditions during fish handling
and processing [5]. The escalation of

multidrug resistance on a global scale
represents a substantial challenge to
public  health. Recent research  has

underscored the emergence of multidrug-
resistant bacterial pathogens from diverse
origins, emphasizing the critical need for

prudent antibiotic administration.
Moreover, the routine application of
antimicrobial ~ susceptibility  testing s

indispensable for pinpointing appropriate
antibiotics and detecting the emergence of
multidrug-resistant strains [6, 7].

Enterococcus spp. exhibit natural
resistance to a broad spectrum of
pharmaceutical  antibiotics.  Additionally,

they have the ability to acquire drug
resistance through different methods such
as plasmid transfer or transferring genetic
sequences that confer resistance in other
bacteria  [8]. Enterococci ~ commonly
develop resistance against a wide range of
antibiotic  classes, including  B-lactams
such as cephalosporins, aminoglycosides,
lincosamides, and streptogramins.
Additionally, acquired resistance IS
observed in glycopeptides (vancomycin),
macrolides, tetracyclines, and phenicols
[9]. Numerous factors have been proposed

as contributing to the virulence of
Enterococcus  species,  specifically to
infections linked to E. faecalis. Bacterial
adhesion to heart endocardial cells and
renal tubular cells has been linked to the

collagen-binding protein gene ace [10].
The chromosomal gelE -encoded
extracellular gelatinase mediates

virulence through tissue degradation and
host immune response modulation [11].
The superoxide dismutase (soda) gene
contributes to oxidative stress resistance
[12].

Therefore, this study aimed to
determine the frequency and antimicrobial

sensitivity  patterns of  Enterococci in
some farmed fish  species, including
tilapia  (Oreochromis  niloticus),  brush

tooth lizard (Saurida undosgquamis), horse
mackerel (Trachurus trachurus), and red
porgy (Pagrus pagrus) collected from fish
markets in Sharkia Governorate, Egypt. In
addition, the virulence screening of E.
faecalis was also evaluated.

Materials and Methods
Samples collection

A total of apparently healthy 80
farmed fish samples, including tilapia
(Oreochromis  niloticus),  brush  tooth
lizard  (Saurida  undosquamis),  horse
mackerel (Trachurus trachurus), and red
porgy (Pagrus pagrus) (20 for each) were
randomly collected from different fish
markets at  Zagazig  city,  Sharkia
Governorate, Egypt. The collected
samples were aseptically handled and
immediately transferred in an icebox to
Meat Hygiene laboratory, Faculty of
Veterinary Medicine, Zagazig University,
Egypt for further bacteriological
examination, antibiotic sensitivity testing,
and PCR screening of some encoded
virulence genes.
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Isolation and identification of
Enterococcus spp.
Enterococcus spp. isolation

was carried out in an accordance with ISO
6887-2 [13]. Twenty-five gm of each fish
flesh samples were aseptically
homogenized with 225 mL of 01 %

Buffered Peptone Water (BPW,
HIMEDIA, M614-500G) in a stomacher
(Colworth, 400) for 2.5 min at room

temperature (25°C) and then allowed to
stand for 5 min to provide a homogenate
which represents the dilution of 10! (as
an initial dilution). One mL of the
homogenate was transferred into a sterile
test tube containing 9 ml of 0.1% BPW,
then tenfold serial dilutions were prepared
up to the required dilution (10). Isolation
of Enterococci was carried out on Bile
Esculin  Azide ager (BEA, HIMEDIA,
M340). The BEA agar was inoculated by
spreading 0.1 mL of the ready prepared
serial dilutions onto the surface. The agar
plates were incubated for 24 h at 37+

0.5°C aerobically. Typical pinpoint
colonies, greyish white, surrounded by
black or brown zone due to esculin
hydrolysis, with 1 mm diameter were
identified as Enterococci. The suspected
colonies were then purified on Brain
Heart Infusion broth (BHI, 0OXOID,

CM1135) and incubated at 37°C for 24 h
for  further morphological, biochemical,
and serological identification according to
ISO [14], MacFaddin [15], and Lancefield
[16], respectively.

Sensitivity to antibiotics

The Kirby-Bauer disc diffusion
method was used to assess the
susceptibility of  Enterococcus isolates
(n=26) to 16  different  antibiotics
according to Ferede et al. [17]. The
antimicrobial agents are; tetracycline (TE,
30 pg), ampicillin  (AMP, 10 pg),
ciprofloxacin (CIP, 5 pg), clindamycin

(DA, 10 pug), vancomycin (VA, 5 ug),
tobramycin (TOB, 10 pg), amikacin (AK,
30  ug), linezolid (LzZD, 30 ug),
erythromycin  (E, 15 ug), meropenem
(MEM, 10 ng), gentamicin (CN, 10 pg),
levofloxacin (LEV, 5 pg), kanamycin (K,
10 pg), colistin (CT, 25 pg), cefepime
(FEP, 30 pg), and sulfamethoxazole
(SXT, 25 1g) (Oxoid Limited,
Basingstoke, Hampshire, UK). According
to National Committee for  Clinical
Laboratory = Standards  (NCCLS)  [18],
zones of inhibition  were identified.
Multiple  antibiotic  resistance  (MAR)
indices were determined. This formula is
used to calculate the MAR index: MAR
index is equal to a/b, where a and b stand
for the number of antibiotics to which the
isolates are resistant and the total number
of antibiotics tested, respectively. The
selection of antimicrobials was based on
their common usage in clinical practice
for treating bacterial infections in both
humans and animals. This choice took

into account the potential for cross-
species  transmission  of  antimicrobial
resistance.

Molecular characterization of E. faecalis
virulence genes

The colonies, which were
serologically identified as E. faecalis
(n=6), were subsequently subjected to
virulence genes detection using primers

obtained from Metabion, Germany. The
genomic DNA of all tested isolates were
extracted using a QlAamp DNA Mini Kit
(QIAGEN  GmbH, Hilden, Germany,
Catalogue no. 51304) according to the
manufacturer's instructions for the
subsequent ~ molecular  analysis. The
molecular  characterization of virulence
factors involving superoxide dismutase
(sodA), extracellular gelatinase  (gelE),
and collagen-binding protein (ace) as
virulence factors of E. faecalis isolates is
illustrated in Table 1. The optimized
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multiplex PCR reaction was conducted
with 2 pL template DNA, 0.25 pum of
each primer, 0.2 mM deoxyribonucleoside
triphosphates, 1xreaction buffer, 2 mM
MgCI2, and 05 U Prime Tag DNA
polymerase (Genet Bio) in a total volume
of 25 pL. DNA amplification followed the
protocol of initial denaturation (94°C for
5 min), followed by 30 cycles of
denaturation  (94°C  for 45  seconds),

annealing (68°C for 1 minute), and
extension (72°C for 1 minute), with a
single final extension of 7 min at 72°C.
Amplified DNA fragments were resolved
by gel electrophoresis using 1% agarose

gel stained with  ethidium  bromide
solution (0.5ug/mL), visualized under an
ultraviolet transilluminator, and

photographed. A 100 bp DNA ladder was
utilized to determine the fragment size.

Table 1. Molecular characterization of virulence factors for E. faecalis

Target gene Oligonucleotide sequence (5’ — 3') Product References
size (bp)
sodA F: ACTTATGTGACTAACTTAACC '3 360 [19]
R: TAATGGTGAATCTTGGTTTGG '3
gelE F: ACC CCG TAT CAT TGG TTT '3 419 [20]
R: ACG CAT TGC TTT TCC ATC "3
ace F: 55GGAATGACCGAGAACGATGGC'3 616 [21]
R: 5’GCTTGATGTTGGCCTGCTTCCG'3
RESULTS fish, respectively. Furthermore, the
e (0 1 OV

Following a bacterial analysis of fish
samples in the current study, it was found
that 42 (52.5%) of the samples were
contaminated with Enterococcus species.
The prevalence was 12 (60%) and 15
(75%) for tilapia and brush tooth lizard

respectively. The highest prevalence of
Enterococcus species was for E. faecalis
(26.25%) and E. faecium (15%), whereas
E. hirae, E. raffinosus, and E. durans had
the lowest percentage of 3.75% each
(Table 2).

Table 2. Prevalence of Enterococcus species among the examined fish species (n= 20, each).

Enterococcus Examined a Total
species fish species no. (%)
Tilapia Brush tooth Horse Red porgy of
lizard fish mackerel isolated
Spp
E. Faecium 3 (15%) 3 (15%) - 6 (30%) 12 (15%)
E. Faecalis 6 (30%) 9 (45%) 3 (15%) 3 (15%) 21
(26.25%)
E. raffinosus 3 (15%) - - -
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E. durans - 3 (15%) - - 3
(3.75%)

E. Hirae - - - 3 (15%) 3
(3.75%)

Total positive 12 (60%) 15 (75%) 3 (15%) 12 (60%) 42
(52.5%)

2 The percentage of Enterococcus spp. was calculated from the number of total examined fish species (n=80).

Antibiotic susceptibility testing other side, the isolates were sensitive to
linezolid (92.3%), vancomycin (84.6%),
levofloxacin  (69.2%), amikacin (69.2%),
and gentamicin (61.5%) (Table 3).

Enterococcus strains were resistant to
kanamycin (100%), clindamycin (76.9%),
sulphamethoxazol (69.2%), ampicillin
(69.2%), and colistin (61.5%). On the

Table 3. Antimicrobial susceptibility of Enterococcus species (n=26).

S | R
Antimicrobial agent
NO % NO % NO %

Kanamycin (K) - - - - 26 100
Clindamycin (CL) 4 15.4 2 7.7 20 76.9
Sulphamethoxazol (SXT) 2 7.7 6 23.1 18 69.2
Ampicillin (AM) 8 30.8 - - 18 69.2
Colistin (C) 6 23.1 4 154 16 61.5
Erythromycin (E) 8 30.8 4 154 14 53.8
Tobramycin (TO) 10 38.5 2 7.7 14 53.8
Cefepime (FEP) 8 30.8 6 23.1 12 46.2
Tetracycline (T) 12 46.2 4 154 10 38.5
Ciprofloxacin (CP) 12 46.2 6 23.1 8 30.8
Meropenem (M) 14 53.8 4 154 8 30.8
Gentamicin (G) 16 61.5 2 7.7 8 30.8
Amikacin (AK) 18 69.2 2 7.7 6 23.1
Levofloxacin (L) 18 69.2 4 154 4 15.4
Vancomycin (V) 22 84.6 2 7.7 2 7.7
Linezolid (LZ) 24 92.3 - - 2 7.7
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S: Sensitive I: Intermediate R: Resistant
Most of tested isolates were antibiotic resistance (MAR) index ranged

categorized as multi-drug resistant (MDR) from 0.062 to 1.00, with an average of
Enterococcus, and their multiple  0.447 (Table 4).

Table 4. Antimicrobial resistance profile of Enterococcus species (n=26).

Pattern Enteg:)cp()).ccus Antimicrobial resistance profile ig:)?;; anl\tliot;igzic :\r/:(?e?(
| K, CL, SXT, AM, C,E, TO, FEP, T, CP, M, G, 4 16 1
E. faecalis AK,L,V, LZ
I K, CL, SXT,AM, C,E, TO, FEP, T,CP, M, G 2 12 0.750
11 K, CL, SXT, AM, C, E, TO, FEP 2 8 0.500
v K, CL, SXT,AM, C,E, TO 1 7 0.438
V K, CL, SXT, AM 2 4 0.250
Vi K, CL 1 2 0.125
| K, CL, SXT, AM, C,E, TO, FEP, T, CP, M, G, 3 14 0.875
E. faecium AK, L
1 K, CL, SXT,AM, C,E, TO, FEP, T 2 9 0.563
Il K, CL, SXT, AM, C 2 5 0.312
AV K 1 1 0.062
| E. durans K, CL, SXT, AM, C,E, TO, FEP, T, CP, M, G, 2 13 0.813
AK
| E. raffinosus K 2 1 0.062
[ E. hirae K 2 1 0.062

Average 0.447
Molecular characterization of virulence genes of E. faecalis

PCR results revealed that the tested (83.3%), and ace (50%) virulence genes
isolates harbored SodA (100%), gelE (Table5) (Figure 1).

Table 5. Distribution of virulence genes among the tested Enterococcus faecalis strains
(n=6).

Positive strains

Target genes No. of examined isolates NO %
SodA 6 6 100
GelE 6 5 83.3

Ace 6 3 50

SodA: superoxide dismutase gene, GelE: gelatinase gene, Ace: collagen-binding protein gene
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Figure (1): A multiplex PCR of sodA (360 bp), gelE (419 bp), and ace (616 bp) genes for
characterization of Enterococcus faecalis, M: 100 bp ladder; C+: Control positive E. faecalis for
sodA, gelE and ace genes; C-: Control negative; 1 & 6: Positive E. faecalis for sodA, gelE and
ace genes; 2, 3 & 5: Positive E. faecalis for sodA and gelE genes; 4: Positive E. faecalis for sodA
and ace gene. (Positive control: ATCC 33186, Negative control: PCR mixture without DNA

template)

DISSCUSSION

In recent years, catastrophic outbreaks
in aquaculture operations have been
linked to opportunistic bacterial infections
in fish. One of the most serious infections,
Enterococcus species, has gained global
recognition and is significantly impacting
aquaculture practices [22]. In this study,
bacteriological examination of 80 fish
samples revealed the occurrence of
Enterococcus species in 42 (52.5%) of the
examined fish samples, where E. faecalis
and E. faecium were the most identified
species. A higher result was obtained by
Mendoza et al. [23] who recorded 100%

prevalence rate of Enterococcus spp. in O.
niloticus fish from the BUDAMASA
areas of Minalin, Pampanga, Philippines,
and attributed this result to the
interconnection of tilapia farms as these
farms are dependent on Maniango River
for water. Furthermore, Enany et al. [5]

detected a prevalence of Enterococcus
(58.5% and 62%) in O. niloticus and
Ictalurus  punctatus, respectively  from
fresh water farms, Ismailia Governorate,
Egypt, and only two species of
Enterococci, E. faecalis (75%) and E.
faecium (25%) were identified. On

contrary, Hassan et al. [2] investigated a
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lower percentage of Enterococcus
(50.5%) amongst cultured O. niloticus
from fresh water farm along the Suez
Canal area, Ismailia, Egypt. Moreover,
Khafagy et al. [24] isolated Enterococcus

from 23.76% of O. niloticus in Lake
Temsah in Ismailia Governorate, Egypt,
which is lower than the result of the

present study. Additionally, a lower result
of 22% Enterococcus in fresh water fish
(Salmo salar and Dicentrararchus
labrax) from different fish markets in
Ankara, Turkey was obtained by Kilahci
and Giindogan [25]. As well, much lower
percentages of 4% and 2.8% were
recorded by Adamu et al. [26] and El-
Kader Mousa-Balabel [27] from fresh
water fish in Nigeria (Clarias gariepinus,
Labeo senegalensis, and Clarias
angularis) and Egypt (O. niloticus),
respectively. The difference in results
may be attributed to various factors,
including differences in geographic
location and season, as well as differences
in the fish species examined. According
to Byappanahalli et al. [28] Enterococcus
species typically do not thrive in fresh
water habitats under normal conditions;
their detection suggests the influence of
point (such as a specific discharge from a
sewage pipe) or non-point (like runoff
from urban areas or agricultural fields)
source pollution, or the possibility of re-
suspension from other reservoirs (water
currents, wind action, disturbances to the
sediment bed, or even human activities
like dredging or construction).
Furthermore, Ullah et al. [29] identified
Enterococcus in marine  water  fish
(Pampus chinensis, Euthynnus affinis, and
Harpadon nehereus) in Bangladesh with a
percentage of 34.7%. Additionally
Kilahci and Giindogan [25] documented
the occurrence of enterococci in marine
water fish (Salmo trutta and Sarda sarda)
in Ankara, Turkey with a percentage of

21%. High  Enterococcus
(72.1%) from marine  water  fish
(Dicentrararchus labrax, Chelon
labrosus, and Sardina pilchardus) in
Tunisia was recognized by Ben Said et al.
[30], where E. faecalis was the most
predominant isolated species followed by
E. faecium. In addition, Barros et al. [31]
and Hammad et al. [32] explored a high

rate of Enterococcus (61.9% and 45%) in

prevalence

marine water fish in Portugal (Sparus
aurata) and Japan (Scomberomorus
maculatus, Salmo salar, Paralichthys
dentatus, and Thunnus obesus),

respectively. Also, Boss et al. [33] cited
high Enterococcus prevalence (59%) from

marine water fish (Salmo salar and
Pangasius hypophthalmus) in
Switzerland. These variations in
Enterococcus prevalence could be
explained by the environmental
conditions and the microbial quality of

fish farms. Finding E. faecium in marine
water samples is a common occurrence,
as numerous studies have suggested that

marine  fish  can  naturally  acquire
contamination  from  their  surrounding
environments during the collection

process [3, 34, 35]. The results of the
present study indicate that marine water
samples may be susceptible to
contamination  during  fish  evisceration
and from environmental sources during
processing and handling. Additionally, the
detection of E. faecium in seafood serves
as an indicator of potential fecal
contamination  originating from  diverse
sources, including feces of domesticated
mammals and birds, environmental
pollution from human sources such as
sewage and its  by-products (e.g.,
biosolids), as well as fecal shedding from

recreational ~ water  users.  Additionally,
agricultural contributions represent
another significant source, highlighting a

potential risk to human health associated
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with the presence of E. faecium in seafood
[36].

Unregulated usage of  antibiotics,
particularly in aquatic environments, is
contributing to the widespread emergence
of antibiotic resistance. The main cause of
antibiotic resistance in Enterococcus is
the incorporation of resistance  genes
through horizontal gene transfer [37]. The
results of the present study were in
harmony with those obtained in Iran by
Norooz et al. [38] who documented
Enterococcus strains from marine water

fish,  demonstrating a  resistance to
erythromycin, sulfamethoxazole, and
clindamycin.  Additionally, these strains
exhibited sensitivity to linezolid and
vancomycin.  Furthermore, the obtained
results were in agreement with Enany et
al. [5] who reported the resistance of

Enterococcus from fresh water fish in
Egypt to  erythromycin,  tetracycline,
ampicillin, and meropenem, in addition to
its high sensitivity to linezolid. It is
noteworthy that fish samples in this study
were exposed to these antimicrobials
during their lifetime as growth promoters.
The high susceptibility to linezolid may
be attributed to the deficient
administration of this antibiotic, rendering
bacterial isolates responsive to its effects,
and this is detected by Chen et al. [39]
who confirmed that linezolid is employed

in the treatment of severe invasive
infections caused by multidrug-resistant
Enterococcus. As well , the obtained
results were in agreement with those

displayed in Bangladesh by Rahman et al.
[40] who detected Enterococcus isolates
from  fresh  water  fish,  exhibiting
resistance to ampicillin and erythromycin,
however, these isolates revealed variable
levels of susceptibility to gentamycin and

vancomycin. Moreover, in corroboration
with the present study, Sergelidis et al.
[41] stated that Enterococcus isolates

from fresh water fish in northern Greece
possessed the high resistance rate against
cephalosporins, penicillins, and
erythromycin antimicrobials. On the other

hand, AL-Ghanayem et al [42]
documented the high  resistance  of
Enterococcus isolated from fresh water
fish in Kingdom of Saudi Arabia to
ciprofloxacin and erythromycin.
Likewise, Boss et al. [33] demonstrated
low resistance of Enterococcus isolates

obtained from different fish samples in
Switzerland  to  tetracycline, and no
resistance to  ampicillin,  ciprofloxacin,
and vancomycin was noticed. Similarly,
lower Enterococcus resistance to
erythromycin, tetracycline, and
ciprofloxacin was established by Araujo
et al. [43] from fresh water fish in Spain.

Correspondingly, none of the
Enterococcus isolates demonstrated
resistance  to  ampicillin,  tetracycline,

vancomycin, and gentamicin in the study
of Sarra et al. [44], which was done on
marine water fish in Tunisia.

Enterococcus species harbor virulence
factors can colonize and invade host
tissues, displace through epithelial cells,
and evade the host's immune response
[45]. Our choice of Enterococcus faecalis
for the detection of virulent genes is
driven by its clinical significance in
humans, prevalence, genetic diversity,
and antibiotic resistance concerns. In
comparison with the obtained results,
higher percentages of ace (92.7%) and
gelE  (63.4%) virulence genes  were
exhibited by Ullah et al. [29] from marine
water fish in Bangladesh. Besides, gelE
and ace virulence genes with percentages
of 30.5% and 79.7%, respectively were
presented by Igbinosa and Beshiru [46]
from marine water fish in Nigeria. In

addition, gelE (85.7%) and ace (74.3%)
virulence genes were displayed with
Chajecka-Wierzchowska et al. [47] from
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marine water fish in Poland. In contrast to
the obtained results, no virulence factors
were detected from 13 Enterococcus
isolated from fresh water fish in China by
Xiao et al. [48].
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antibiotic-resistant  strains  and  protect
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