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Abstract

The current study was planned for the isolation and identification of Vibrio spp. from fish samples (tilapia,
mugil, tuna, saurus, pagrus, and shrimp) retailed in Zagazig city, Sharkia Governorate, Egypt. In addition to
determine the antimicrobial susceptibility of the isolates. The PCR screening for virulence genes of V. par-
ahaemolyticus and V. cholerae was also determined. The results in the present study revealed that the most
contaminated samples with Vibrio spp. were pagrus (56%), followed by tilapia (52 %), then mugil (44 %),
saurus (40 %), tuna (36 %), and shrimp (36 %). The most prevalent Vibrio spp. were V. parahaemolyticus
(18.6%) followed by V. mimicus (11.3%), and V. alginolyticus (10%). V. cholerae was isolated in a percentage
of 0.7%. Vibrio species in the current study were highly resistant to erythromycin (100%), ampicillin (75%),
cephalothin (66.7%), sulphamethoxazole (66.7%), and amikacin (50%). PCR screening of virulence genes
among various Vibrio spp. revealed that V. parahaemolyticus harbored t/h (100 %), tdh (80 %), and trh (80 %).
While, V. cholerae was positive for rtxC, hylA, and ompU genes. As a result, the current data proves that Vibrio
spp. contamination of fish, which displayed various degrees of antibiotic resistance. In addition, the isolated
Vibrio spp. had virulent genes that could be dangerous to the consumer’s health.
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INTRODUCTION

Fish is a high-protein food for healthy diets all over the world
that usually has all the required amino acids, minerals, a lot of
vitamins, and Omega-3 fatty acids that are necessary for human
life (Morshdy et al, 2021). Although seafood is a nutrient-rich
diet, undercooked or raw fish is blamed for several foodborne
illnesses, which are serious diseases of human public health
(Morshdy et al., 2022a). One of the most prevalent and pervasive
foodborne pathogens linked to food poisoning is Vibrio spp. (Tri-
nanes and Martinez-Urtaza, 2021). They exist in nature alongside
aquatic organisms in freshwater, estuarine, and marine settings
all over the world. The most common Vibrio species linked to
consuming raw or partially cooked fish are V. parahaemolyticus
and V. vulnificus, whereas V. cholerae infection is primarily linked
to waterborne outbreaks and can, to a lesser extent, be spread
through fish consumption (Caburlotto et al.,, 2016; Ahmed et al.,
2018). Ingestion of food contaminated with V. parahaemolyticus
can lead to gastrointestinal illness, including symptoms such
as watery diarrhea, abdominal cramps, nausea, vomiting, fever,
headache, and/or bloody diarrhea (CDC, 2013). Since antibiotics
are mainly used in aquaculture farms to treat, prevent illnesses,
and promote growth, the overuse and non-detection of the with-
drawal times of these antibiotics increase the development of an-
tibiotic-resistant bacteria and the presence of antibiotic residues
in aquatic species like fish (Morshdy et al.,, 2022b). Consumption
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of contaminated fish tissues may expose humans to such resi-
dues (Morshdy et al., 2013). The virulence of V. parahaemolyticus
species is determined by the presence of Tdh-thermostable he-
molysin (Trh) and/or thermostable toxin (Tdh), which are encoded
by the trh and tdh genes, respectively (Dileep et al., 2003). These
two genes are linked to V. parahaemolyticus’ cytotoxic and he-
molytic effects on the host cell (Ahmed et al. 2018). The majority
of epidemics among the V. cholerae serogroups are associated
with O1 and O139 serotypes (Nishibuchi and DePaola, 2005).
The HylA gene for hemolysin in V. cholerae is an enterotoxin that
damages cells by acting as a pore-forming toxin (Moore et al,
2014). Outer membrane proteins, which include OmpU, OmpT,
OmpS, OmpV, and others, are important cell-envelope proteins.
OmpU is thought to contribute to bile resistance and acts as a
colonizing factor (Provenzano et al., 2000).

Therefore, this study was performed to determine the fre-
quency of Vibrio spp. in fish samples sold at fish markets in
Sharkia Governorate, Egypt. In addition, the antibiotic resistance
profile and virulence screening of V. parahaemolyticus and V.
cholerae were also evaluated.

MATERIALS AND METHODS
Samples collection

A total of 150 samples of tilapia, mugil, tuna, saurus, pagrus,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
ISSN: 2090-6277/2090-6269/ © 2011-2023 Journal of Advanced Veterinary Research. All rights reserved.




Alaa Eldin M.A. Morshdy et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 3, 443-448

and shrimp (25, of each) were selected at random from various
places and fish markets in Zagazig city, Sharkia Governorate,

Egypt.

Isolation and Identtification of Vibrio spp.

Vibrio spp. isolation was carried out in an accordance with FDA
guidelines (2004). Fish flesh weighing ten grams was aseptically
homogenized in 90 mL of sterile alkaline peptone water (APW,
Micro Master - India) and incubated for 24-48 hours at 35+2°C
(ISO/TS 21872-1, 2007). A loopful of each inoculated APW broth
was streaked onto thiosulfate citrate bile salts sucrose agar plates
(TCBS, Hi-Media - India), and the plates were then incubated for
24 hours at 37°C. According to ISO/TS 21872-1 (2007) and I1SO/
TS 21872-2 (2007), the presumed Vibrio colonies were obtained,
purified, and then identified biochemically.

Sensitivity to antibiotics

The Kirby-Bauer disc diffusion method was used to assess the
antibiotic susceptibility of 24 Vibrio isolates against 14 different
antibiotics according to Adeyemi et al. (2008). The antimicrobi-
al discs used were; cephalothin (CN, 30 pg), ampicillin (AM, 10
Mg), imipenem (IPM, 10 pg ), tetracycline (T, 30 pg), gentamicin
(G, 10 pg), amoxicillin (AMX, 30 pg ), amikacin (AK, 30 pg ), ci-
profloxacin (CP, 5 ug), cefotaxime (CF, 30 pg), levofloxacin (L, 5
Mg), meropenem (M, 10 ug ), erythromycin (E, 15 pg), ceftazidime
(CZ, 30 pg), and sulfamethoxazole (SXT, 25 pg) (Oxoid Limited,
Basingstoke, Hampshire, UK). According to NCCLS (2001), inhibi-
tory zones were determined. Multiple antibiotic resistance (MAR)
indexes were identified. The MAR index is calculated as follows:
MAR index = a/b, where a and b denote the antibiotics number
to which the isolates are resistant and the sum of tested antibi-
otics, respectively.

Molecular recognition

The biochemically identified colonies were genetically con-
firmed using primers from Metabion, Germany. The manufac-
turer’s instructions for the QlAamp DNA Mini kit were followed
(QIAGEN GmbH, Hilden, Germany, Catalogue no.51304). The
molecular characterization of virulence factors including thermo-
labile hemolysin (tlh), thermostable direct hemolysin (tdh), and
tdh-related hemolysin (trh) genes for V. parahaemolyticus and re-
peat toxin (rtxC), hemolysin (hylA), and outer membrane protein
(ompU) as virulence factors of Vibrio cholerae were illustrated in
Table 1.

RESULTS

Following a bacterial analysis of fish samples in the current
study, it was found that 44 % of samples contained Vibrio species.
pagrus fish had the highest isolation rate of 14 (56%), whereas
tuna had the lowest isolation percentage of 9 (36 %) (Table 2).
The isolated Vibrio species with the highest prevalence were V.
parahaemolyticus (18.6%) and V. mimicus (11.3%), while V. chol-
erae had the lowest percentage (0.7%) (Table 2). Regarding an-
tibiotic sensitivity, Vibrio strains were resistant to erythromycin
(100%), ampicillin (75 %), cephalothin (66.7 %), sulphamethox-
azole (66.7 %), and amikacin (50 %) (Table 3). The majority of V.
parahaemolyticus isolates demonstrated resistance to at least 4
antibiotics. The average MAR for Vibrio isolates was 0.412, with
values ranging from 0.071 to 1 (Table 4). PCR screening of viru-
lence genes among various Vibrio spp. revealed that V. parahae-
molyticus isolates possessed tlh (100 %), tdh (80 %), and trh (80
%) virulence genes. While, V. cholerae harbored rtxC, hylA, and
ompU virulence genes (Figs. 1 and 2).
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Fig 1. Agarose gel electrophoresis of multiplex PCR. (A) virulence genes for character-
ization of V. parahaemolyticus; tlh (450 bp), tdh (337 bp), and trh (148 bp). M: 100 bp
ladder, C+: Control positive, C-: Control negative, 1: positive strains for ¢/h and tdh genes,
2: positive strain for ¢/h and trh genes, 3, 4 & 5: positive strains for t/h, tdh, and trh genes.
(B): virulence genes for characterization of V. cholerae of rtxC (265 bp), hyl4 (480 bp), and
ompU (869 bp). C+: Control positive, C-: Control negative; 1: positive strains for rtx, hylA,
and ompU genes.

DISCUSSION

Vibrio spp. are microbiological water-borne diseases that are
mostly found in various types of seafood and make people more
susceptible to health risks. In the current study, Vibrio species
were noticed in 66 (44%) of the examined fish samples. V. par-
ahaemolyticus was found in 28 (18.6%) and V. cholerae was de-
tected in 1(0.7%). Nearly similar results of 39% (78/200) of Vibrio
species were detected in freshwater fish in Egypt (El-Sharaby et
al,, 2018). Vibrio species were recovered from 52% of marketed

Table 1. Molecular characterization of virulence factors for V. parahaemolyticus and Vibrio cholerae.

Target gene Oligonucleotide sequence (5" — 3') Product size (bp) References
tih (F) 5' AAAGCGGATTATGCAGAAGCACTG 3 450
tih (R) 5" GCTACTTTCTAGCATTTTCTCTGC '3
tdh (F) 5" CCCCGGTTCTGATGAGATATT '3 .
tdh (R) 5' TGGAATAGAACCTTCATCTTCACC "3 337 Bej et al. (1999)
trh (F) 5' ACTAATGGACAAACCGAATCA 3 148
trh (R) 5' CCAGAAAGAGCAGCCATTG '3
rtx C (F) 5" CGACGAAGATCATTGACGAC '3
rtxC (R) 5" CATCGTCGTTATGTGGTTGC '3 265 Chow et al. (2001)
hylA (F) 5" GAGCCGGCATTCATCTGAAT '3 480
hylA (R) 5' CTCAGCGGGCTAATACGGTTTA 3
Kumar et al. (2009)
ompU (F) 5" ACGCTGACGGAATCAACCAAAG '3 869
ompU (R) 5' GCGGAAGTTTGGCTTGAAGTAG '3
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fish samples in Egypt, of which 42.3% were V. parahaemolyticus,
26.92% were V. mimicus, 19.23% were V. alginolyticus, 9.62% were
V. vulnificus, and 1.92% were V. cholera (Morshdy et al. 2022a).
The highest isolation percentage of 82.85% in freshwater fish was
investigated in India, with 6 (6.9%) V. parahaemolyticus, 2 (2.3%)
V. vulnificus, 4 (4.6%) V. alginolyticus, and 3 (3.45%) V. cholera
(Suresh et al,, 2018). However, 36 (16%) of Vibrio isolates were
found in crustaceans from fish markets in Sharkia Governorate,
Egypt, from which 15.1% were V. parahaemolyticus and 0.9% were
V. cholerae (Ahmed et al., 2018). In China, Yan et al. (2019) report-
ed 10.33% of V. cholerae, 3.89% of V. parahaemolyticus, 1.24% of
V. alginolyticus, and 0.76% of V. vulnificus, from freshwater fish.
In Croatia, Jaksi¢ et al. (2002) reported lower V. parahaemolyti-
cus, V. alginolyticus, and V. vulnificus of 7.14 %, 3.57 %, and 10.71
%, respectively in shrimp samples. Higher percentage results of
88.57% V. parahaemolyticus were reported by Tan et al. (2020) in
shrimp samples in Selangor, Malaysia. In Thailand, V. parahaemo-
lyticus was reported in 38% of cultured shrimp samples examined
by Yano et al. (2014), and in 26.67 % of different kinds of seafood
and shrimp in China (Jiang et al., 2019). Furthermore, in Turkey,
Yicel and Balci (2010) isolated V. parahaemolyticus, V. vulnificus,
and V. mimicus from marine fish by a percentage of 40 %, 18%,
and 6%, respectively. The occurrence of different Vibrio species
may vary due to salinity, geography, seasonal variations, and iso-
lation procedures used (Deepanjali et al., 2005).

The higher prevalence of Vibrio spp. may be attributed to the
link between the Vibrio spp. and parameters such as temperature
and salinity. Higher temperatures in warmer months enhanced
the prevalence of V. parahaemolyticus (DePaola et al., 2000). In
addition, the microorganism can stagnate in bottom sediments

and enter the water column again when warm temperatures re-
turn (Pfeffer et al., 2003).

Antimicrobial residues in aquaculture products pose consid-
erable risks to the public’s health. The results obtained in the cur-
rent study were similar to the findings reported by Letchumanan
et al. (2015), who found the resistance of V. parahaemolyticus to
several antibiotics including ampicillin (82 %), amikacin (51 %),
cefotaxime (37 %), tetracycline (17 %), ceftazidime (15 %), genta-
micin (11 %), levofloxacin (9 %), and imipenem (2 %) in Malaysia.
In addition, Jiang et al. (2019) revealed 95.46 % resistance for
ampicillin, 30 % for amikacin, 17.78 % for tetracycline, 17.78% for
sulphamethoxazole/trimethoprim, and 2.22 % for ciprofloxacin in
different kinds of seafood in China. Moreover, Tan et al. (2020)
in Selangor, Malaysia found that V. parahaemolyticus strains iso-
lated from seafood samples including shrimp were resistant to
ampicillin (84.17 %), cephalothin (54.17 %), amikacin (37.50%), ci-
profloxacin (13.33 %), gentamicin (6.67 %), cefotaxime (5 %), cef-
tazidime (5 %), and levofloxacin (1.67%). Our results were follow-
ing (Jiang et al., 2019) who detected that all V. parahaemolyticus
isolates from different seafood samples in China were sensitive to
imipenem and meropenem. Also, Tan et al. (2020) observed the
susceptibility of V. parahaemolyticus isolates obtained from sea-
food samples in Selangor, Malaysia to imipenem and meropen-
em (98.33 % of each), tetracycline (94.17 %), levofloxacin (73.33
%), ceftazidime (70.83%), and gentamicin (64.17 %).

The majority of the Vibrio isolates in the current study de-
clared multiple MAR indices ranging from 1 to 0.071, with a mean
of 0.412, which is more than 0.2, indicating contamination from
high-hazard sources, and demonstrating an acquired genetic
resistance that poses a public health risk to consumers (Tanil et

Table 2. Prevalence and serological identification of Vibrio species in the examined fish samples.

Samples Vibrio spp. V. parahaemolyticus V. cholerae V. mimicus V. alginolyticus V. vulnificus
Tilapia 13 (52%) - - 6 (46%) 7 (54%) -
Mugel 11 (44%) - - 11 (100%) -
Tuna 9 (36%) 50(;5122/;) - - 4 (44.4%) -
Saurus 10 (40%) f)gsg(ﬂf; - - - 5(50 %)
14 (100%)
Pagrus 14 (56%) 010: K52 - - - -
02: K28

Shrimp 9 (36%) 4 é‘;‘fé‘?’) ra c1>.11 %) ) 4 @44%) )
Total 66 (44%) 28 (18.6) 1(0.7%) 17 (11.3%) 15 (10%) 5(3.3%)
Table 3. Antimicrobial susceptibility of Vibrio species (n. =24).
Antimicrobial agent Sensitive Intermediate Resistant

NO. % NO. % NO. %
Erythromycin (E) 0 0 0 24 100
Ampicillin (AM) 0 6 25 18 75
Cephalothin (CN) 16.7 4 16.7 16 66.7
Sulfamethoxazole (SXT) 8 333 0 0 16 66.7
Amikacin (AK) 10 41.7 2 83 12 50
Gentamicin (G) 12 50 2 8.3 10 41.7
Tetracycline (T) 10 41.7 6 25 8 333
Amoxicillin (AMX) 14 58.3 4 16.7 6 25
Ciprofloxacin (CP) 14 583 4 16.7 6 25
Cefotaxime (CF) 16 66.7 2 83 6 25
Levofloxacin (L) 18 75 2 8.3 4 16.7
Ceftazidime (CZ) 20 83.3 0 0 4 16.7
Imipenem (IPM) 20 833 2 8.3 2 8.3
Meropenem (M) 22 91.7 0 0 2 8.3
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Table 4. Vibrio species’ antimicrobial resistance profile (n. =24).

Vibrio spp. number of Isolates Profile of antimicrobial resistance MAR
V. parahaemolyticus 2 E, AM, CN, SXT, AK, G, T, AMX, CP, CF, L, CZ, IPM, M 1

V. parahaemolyticus 2 E, AM, CN, SXT, AK, G, T, AMX, CP, CF 0.71
V. parahaemolyticus 2 E, AM, CN, SXT, AK 0.36
V. parahaemolyticus 2 E, AM, CN, SXT 0.29
V. parahaemolyticus 2 E 0.07
V. cholerae 1 E, AM, CN, SXT, T, CP, CF, CZ 0.57
V. mimicus 2 E, AM, CN, SXT, AK, G, T, AMX, CP,CF, L, CZ 0.86
V. mimicus 2 E, AM, CN, SXT, AK, G 0.43
V. mimicus 2 E 0.07
V. alginolyticus 1 E, AM, CN, SXT, AK, G, T 0.5
V. alginolyticus 2 E,AM 0.14
V. alginolyticus 2 E, AM, CN, SXT 0.29
V. vulnificus 2 E 0.07
Average 0.412

E: Erythromycin; AM: Ampicillin; CN: Cephalothin; SXT: Sulfamethoxazole; AK: Amikacin; G: Gentamicin; T: Tetracycline; AMX: Amoxicillin; CP: Ciprofloxacin; CF: Cefotaxime; L:

Levofloxacin; CZ: Ceftazidime; IMP: Imipenem; M: Meropenem.

MAR: Multiple Antibiotic Resistance index (a/b), where (a) is the number of antibiotics to which the isolates are resistant. (b): is the total number of tested antibiotics (n.=14).

al., 2005; Ahmed et al,, 2018). Similarly, Morshdy et al. (2022a)
showed that more than 50% of the Vibrio strains isolated from
marketed fish in Egypt were resistant to more than four antibi-
otics. The MAR index in the present study was nearly similar to
Letchumanan et al. (2015) who detected MAR index ranged from
0.07 to 0.79 from shrimp samples in Malaysia and Tan et al. (2020)
who cited that the MAR indices varied from 0.04 to 0.71 from
different types of seafood in Selangor, Malaysia. These results
highlight the significance of routine screening of numerous en-
vironmental Vibrio strains against a wide range of antimicrobial
agents and clinically relevant antibiotics to provide useful in vitro
baseline data for clinical treatment purposes (Baker-Austin et al,,
2008). The variation in the MAR index may be because of the
variety in the sample sources, geographic location, and meth-
odology.

The PCR-based assay is a well-liked molecular method for de-
tecting and identifying V. parahaemolyticus in seafood samples.
According to studies conducted in several countries, the patho-
genicity of V. parahaemolyticus isolates is related to the presence
of tdh and/or trh genes (Nordstrom et al, 2007; Ahmed et al.,
2018). Most environmental strains of V. parahaemolyticus are
non-pathogenic, whereas 99% of clinical isolates are identified
to be pathogenic because they carry tdh and/or trh genes (Tsai
et al, 2013). However, only 0-6% of the environmental isolates
were carrying the tdh and/or trh genes which are classified as
pathogenic (Letchumanan et al., 2014). The presence of tdh and/
or trh V. parahaemolyticus in freshwater and marine fish samples
is alarming for several reasons. First, the possibility that these
pathogenic isolates could result in gastroenteritis (Jun et al,
2012). Second, pathogenic V. parahaemolyticus not only contam-
inates seafood and spreads pathogenesis, but it also causes sig-
nificant economic losses in the aquaculture industry (Thongjun
et al, 2013). V. parahaemolyticus strains in the present research
exhibited virulent genes (trh and tdh ) higher than that was re-
corded by Letchumanan et al. (2015) who detected V. parahae-
molyticus isolates virulent genes with a percentage of 10% for trh
and 0 % for tdh from retailed shrimp in Malaysia. Moreover, Jiang
et al. (2019) demonstrated V. parahaemolyticus virulent genes
with a percentage of 1.11 % for tdh and 5.56 % for trh from sea-
food samples in China. In contrast, Tan et al. (2020) found that
V. parahaemolyticus strains isolated from the seafood samples
in Selangor, Malaysia including shrimp were negative for patho-
genic tdh and trh genes. While, Lee et al. (2018) found that only
4 (2.4%) out of 165 V. parahaemolyticus obtained from marine
and freshwater fish in Selangor, Malaysia were positive for the
trh gene, and none of the isolates yielded the tdh gene. In Egypt,
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14.7% of V. parahaemolyticus isolates from crustaceans were pos-
itive for the tdh and/or trh genes (Ahmed et al, 2018). The trh
and tdh genes were present in 28.4% and 2.1%, respectively, of V.
parahaemolyticus isolates from seafood in China, however, none
of the isolates carried both genes concurrently (Xie et al., 2017).
None of V. parahaemolyticus isolates from shrimp samples was
positive for the tdh gene in another investigation conducted in
China, although 45.9% harbored the trh gene (Xie et al.,, 2015).
The genes encoding virulence-associated factors that con-
tribute to the pathogenicity of V. cholerae include the Rtx toxin
gene cluster (rtxA-D) (Lin et al., 1999), hemolysin (hlyA) (Ruenchit
et al, 2017), and OmpU gene (Rivera et al, 2001). In the cur-
rent study, the rtx, hylA, and ompU genes were present in only
isolated V. cholerae. Although the majority of ambient V. chol-
erae isolates are not toxic, the hlyA gene makes them capable
of causing mild gastroenteritis (Saravanan et al., 2007). In Egypt,
The ctx and hlyA genes were present in two V. cholerae isolates
from crustaceans that were serogroups as non-O1 and non-O139
(Ahmed et al., 2018). Moreover, Xu et al. (2019) detected a high
occurrence of rtxC and hylA virulent genes of V. cholerae recov-
ered from freshwater fish in Shanghai, China with a percentage
of 95.8% and 87.8%, respectively. Furthermore, the rtxA and hlyA
genes were found in 31.5% and 18.5%, respectively, of V. cholerae
strains isolated from ornamental fish species (Zago et al., 2017).

CONCLUSION

The current investigation proved that several fish and shrimp
samples in Egyptian markets have potentially harmful Vibrio spe-
cies. A higher percentage of isolated Vibrio parahaemolyticus
harbored virulent genes that can pose a risk to the public health.
To increase seafood safety, it is essential to monitor the presence
and antibiotic resistance profile of Vibrio spp. in retail seafood. It
is necessary to adopt appropriate food safety controls to check
the quality of the fish being produced and consumed and to al-
low the abuse of antibiotics in aquaculture only under veterinary
supervision.
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