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Abstract
Background and Aim: Bacteria of the genera Vibrio and Aeromonas cause seafood-borne zoonoses, which may have 
a significant impact on food safety, economy, and public health worldwide. The presence of drug-resistant and biofilm-
forming phenotypes in the food chain increases the risk for consumers. This study aimed to investigate the characteristics, 
virulence, biofilm production, and dissemination of antimicrobial-resistant pathogens isolated from seafood markets in 
Bangkok, Thailand.

Materials and Methods: A  total of 120 retail seafood samples were collected from 10 local markets in Bangkok and 
peripheral areas. All samples were cultured and the Vibrio and Aeromonas genera were isolated using selective agar and 
biochemical tests based on standard protocols (ISO 21872-1: 2017). The antibiotic susceptibility test was conducted using 
the disk diffusion method. The presence of hemolysis and protease production was also investigated. Polymerase chain 
reaction (PCR) was used to determine the presence of the hlyA gene. Furthermore, biofilm formation was characterized by 
microtiter plate assay and scanning electron microscopy.

Results: The bacterial identification test revealed that 35/57 (61.4%) belonged to the Vibrio genus and 22/57 (38.6%) to the 
Aeromonas genus. The Kirby–Bauer test demonstrated that 61.4% of the isolates were resistant to at least one antibiotic and 
45.61% had a high multiple antibiotic resistance index (≥0.2). PCR analysis indicated that 75.44% of the bacteria harbored 
the hlyA gene. Among them, 63.16% exhibited the hemolysis phenotype and 8.77% showed protease activity. The biofilm 
formation assay demonstrated that approximately 56.14% of all the isolates had the potential to produce biofilms. The 
moderate biofilm production was the predominant phenotype.

Conclusion: The results of this study provide evidence of the multiple drug resistance phenotype and biofilm formation 
capacity of Vibrio and Aeromonas species contaminating raw seafood. Effective control measures and active surveillance 
of foodborne zoonoses are crucial for food safety and to decrease the occurrence of diseases associated with seafood 
consumption.
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Introduction

Members of the Vibrio and Aeromonas gen-
era are facultative Gram-negative bacilli that 
commonly cause diseases in marine animals and 
humans [1, 2]. The World Health Organization con-
siders these as a well‐known group of foodborne 

pathogenic bacteria [3–5]. Infections caused by viru-
lent and drug-resistant strains remain a concern for pub-
lic health in both developed and developing countries. 
The main cause of these infections is the ingestion of 
contaminated water, raw seafood, or person-to-person 
transmission [6, 7]. Humans contribute to the spread 
of antimicrobial-resistant bacteria in the environment, 
increasing their contamination levels in foods such as 
pork, chicken, beef, and seafood [8]. The Center for 
Disease Control and Prevention revealed that vibriosis 
causes 80,000 cases of illness each year in the United 
States, of which 52,000 are due to the consumption of 
food containing Vibrio pathogens. Most people with 
a foodborne bacterial infection have watery diarrhea. 
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Possible symptoms may range from self-limiting gas-
troenteritis to severe life-threatening septicemia and 
necrotizing fasciitis [9, 10]. Some people may also 
experience further symptoms, such as nausea, vom-
iting, stomach cramping, fever, and chills. Symptoms 
usually start within 1  day after infection and last 
approximately 3  days [11]. The pathogenic strains 
of major public health concern are Vibrio cholerae, 
Vibrio parahaemolyticus, and Vibrio vulnificus, which 
are mostly associated with human infections  [12]. 
However, other Vibrio, such as Vibrio alginolyticus, 
Vibrio harveyi, Vibrio anguillarum, Vibrio mimicus, 
Vibrio metschnikovii, and Vibrio fluvialis, which 
have been identified particularly in marine and estu-
arine environments, are now regarded as emerging 
human pathogens [6, 13, 14]. Besides the Vibrio 
genus, Aeromonas species have also been reported as 
causative agents of foodborne diseases. Particularly, 
Aeromonas hydrophila, Aeromonas veronii, and 
Aeromonas caviae are associated with several types 
of human infection, including gastroenteritis, skin and 
soft tissue infection, septicemia, and respiratory infec-
tion in immunocompromised hosts [9, 15–19].

Virulence determinants and antibiotic resistance 
also play a role in the pathogenesis of the above-men-
tioned genera. Evidence from previous studies [16, 19] 
shows that these organisms possess several pathogenic 
factors, such as adhesins, proteases, hemolysins, aeroly-
sin, and cytotoxic enterotoxins, which are all probably 
involved in human illnesses. The initial toxin produced 
is hemolysin, which is encoded by hlyA and it is one 
of the most significant virulence factors among Vibrio 
spp., expressing a lysis activity against mammalian red 
blood cells. This pathogenic phenotype is associated 
with either wound infection or gastrointestinal infec-
tion caused by different Vibrio species [16, 19]. V. chol-
erae, V. parahaemolyticus, and V. mimicus are known 
causative agents of gastrointestinal infection, whereas 
V. alginolyticus and V. vulnificus cause wound infection 
[20, 21].

Moreover, the outbreak of other foodborne 
organisms is related to biofilms. Bacterial biofilms 
provide benefits to bacteria by allowing them to sur-
vive more successfully in the environment and thus 
ensuring their transmission through increased sur-
vival. The biofilm-producing ability of isolates fur-
ther complicates the antibiotic resistance issue. The 
persister cells are enclosed in an exopolysaccharide 
matrix component adhered to a solid surface, which 
confers protection from host defense, disinfectants, 
and also antibiotics [22, 23]. The susceptibility to 
antibiotics and environmental changes is significantly 
reduced in biofilm matrixes compared with planktonic 
cells. Consequently, high concentrations of antimi-
crobial agents cannot eliminate infectious biofilms, 
which make their removal from food processing facil-
ities a considerable challenge [24, 25]. 

Thus, the present study aimed to investigate 
the occurrence, antibiotic resistance, virulence, and 

biofilm formation ability of seafood-borne bacteria 
isolated from retail markets in Bangkok metropolitan 
area, Thailand.
Materials and Methods
Ethical approval

Ethical approval was not required for this study 
as samples were collected from the market.
Study period and location

The study was conducted from January 2021 
to March 2021. The samples were collected from 10 
retail markets in the central and peripheral of Bangkok 
metropolitan area.
Seafood collection, pre-enrichment, bacterial isola-
tion, and identification

A total of 120 raw seafood samples of five differ-
ent food types (fish, n = 35; shellfish, n = 25; shrimp, 
n = 20; squid, n = 20; and crab, n = 20). All the sam-
ples were selected from markets by convenience sam-
pling; they were subsequently stored in sterile bags on 
ice and were transferred to the laboratory within 2 h. 
Sample processing was conducted according to the 
ISO 21872-1: 2017 (Microbiology of the food chain 
– Horizontal Method for the determination of Vibrio 
spp.) protocol for the determination of Vibrio spp., 
with some modifications [26]. Briefly, 25  g of indi-
vidual samples was pre-enriched in alkaline peptone 
water (Merck, Germany) at 37°C for 6 h. Then, the first 
enriched cultures were further inoculated into alkaline 
saline peptone water and were incubated at 37°C for 
18 h. Subsequently, the overnight cultures were spread 
onto selective agar plates, thiosulfate citrate bile salts 
sucrose, and CHROMagar™ Vibrio (CHROMagar, 
Paris, France) for Vibrio spp., also the selective media 
for Aeromonas species (HiMedia, India) and the plates 
were incubated at 37°C for 18–24  h. The suspected 
colonies were subjected to conventional biochemical 
assays for the Vibrio and Aeromonas genera.
Antimicrobial susceptibility testing

The antimicrobial resistance patterns of the single 
colonies of the confirmed Vibrio and Aeromonas spe-
cies isolated from seafood samples were determined 
using the Kirby–Bauer disk diffusion method [27, 28] 
and the selection of drugs was based on their frequent 
usage in clinical practices and on the guidelines of 
the Clinical Laboratory Standards Institute (CLSI). 
Bacterial isolates were tested against a panel of 15 types 
of antimicrobial agents (Oxoid, UK) belonging to nine 
classes, namely, ampicillin (AMP, 10 μg), amoxicil-
lin-clavulanate (AMC, 20/10 μg), ampicillin-sulbac-
tam (SAM, 10/10 μg), piperacillin-tazobactam (TZP, 
100/10 μg), cefepime (FEP, 30 μg), cefotaxime (CTX, 
30 μg), ceftazidime (CAZ, 30 μg), gentamicin (GN, 
10 μg), amikacin (AK, 30 μg),  meropenem (MEM, 
10 μg), imipenem (IMP, 10 μg), chloramphenicol (C, 
30 μg), tetracycline (TE, 30 μg), ciprofloxacin (CIP, 
5 μg), and trimethoprim-sulfamethoxazole (SXT, 
1.25/23.75 μg). The culture plates were incubated at 
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37°C for 24  h. The inhibition zone diameters were 
measured and interpreted based on the CLSI crite-
ria (CLSI, 2011). Moreover, the multiple antibiotic 
resistance (MAR) index was calculated as the ratio 
between the number of drugs that bacteria were resis-
tant to and the total number of antibiotics, to which 
the isolates were exposed. MAR index values of >0.2 
designate a high-risk source of contamination where 
antibiotics are often used [29].
DNA extraction and hlyA gene detection through PCR

A single bacterial colony was cultured in nutrient 
broth (HiMedia) containing 2% NaCl (Ajax Finechem, 
Australia) and was incubated at 37°C overnight. The 
bacterial lysate was individually subjected to DNA 
extraction using the boiling method [30]. The hemo-
lysis-associated gene determinants in the bacterial iso-
lates were investigated by conventional PCR amplifica-
tion of the hlyA gene sequences using specific primers 
(F: 5′-GCCGAGCGCCCAGAAGGTGAGTT-3′ and 
R: 5′-GAGCGGCTGGATGCGGTTGT-3′) [31]. Each 
PCR reaction contained 12.5 μL of OnePCR™ master 
mix (GeneDireX, Taiwan), 0.2 μM of each forward 
and reverse primer (Thermo Fisher Scientific, USA), 
2 μL of template DNA, and sterilized distilled water 
up to a total volume of 25 μL. Amplifications were 
performed using an Applied Biosystems™ Veriti™ 
96-well thermal cycler (Thermo Fisher Scientific) 
under the following conditions: Initial denaturation at 
95°C for 5  min for 1  cycle, 35  cycles consisting of 
denaturation at 95°C for 30 s, annealing at 55°C for 
45 s and extension at 72°C for 1 min, and a final exten-
sion cycle at 72°C for 7 min. The obtained amplicons 
were detected by electrophoresis on a 1.5% (w/v) aga-
rose gel at 100 V for 60 min and were visualized using 
the ChemiDoc MP imaging system (Bio-Rad, USA).
Hemolysis phenotype and exoprotease assay

The hemolytic activity of the bacterial isolates 
secreting hemolytic enzymes that lyse red blood 
cells was investigated using blood agar as previously 
described [32]. All plates were incubated at 37°C 
for 24  h. The degree of hemolysis was visualized 
on blood agar plates. In addition, all isolates were 
screened for proteolytic activity using the skim milk 
plate method [33]. The plates were incubated at 37°C 
for 4 h. A clear zone around a bacterial colony indi-
cated a positive result. The experiment was performed 
in triplicate.
Quantitative biofilm formation assay in microtiter 
plates

The biofilm formation of bacterial strains was 
examined using the microtiter plate assay modified 
from the method previously mentioned [34]. In brief, 
bacteria were grown in Luria–Bertani broth (LB) con-
taining 2% NaCl at 37°C for 24 h. Two hundred micro-
liters of a 1:100 dilution of overnight cultures adjusted 
to 0.5 McFarland turbidity in fresh LB supplemented 
with 2% NaCl. Then, each diluted solution was dis-
pensed into wells and plates were incubated at 37°C 

for 24 h. The control wells consisted of uninoculated 
LB with 2% NaCl. The contents of the wells were dis-
carded and washed twice with phosphate buffer saline 
(PBS). Two hundred microliters of 1% (w/v) crystal 
violet dye were added to each well and the plates were 
subsequently incubated at room temperature (25°C) 
for 1 h. The staining dye was discarded, then the reac-
tion wells were washed 3  times with PBS and were 
allowed to air-dry at 25°C. Two hundred microliters 
of 95% (v/v) ethyl alcohol were added to the dried 
wells and the plates were further incubated at 25°C 
for 5  min. Finally, the ethanol from each well was 
transferred to new microtiter plates and the optical 
density at 630 nm was measured. Three independent 
experiments were performed. The biofilm-producing 
capacity of all isolates was categorized as follows: No 
biofilm formation if ODtest < ODcontrol; weak biofilm 
formation if ODcontrol < ODtest < 2ODcontrol; moderate 
biofilm formation if 2ODcontrol < ODtest < 4ODcontrol; and 
strong biofilm formation if ODtest > 4ODcontrol [7].
Scanning electron microscopy (SEM)

The qualitative assay for biofilm formation was 
conducted using SEM, which was modified from a 
previously developed protocol [35]. After bacteria 
were allowed to form biofilms (at 12, 24, and 48 h), 
each reaction on a glass coverslip was rinsed 3 times 
with PBS solution. Then, the adhered cells and bio-
films were fixed in 2.5% glutaraldehyde at 25°C for 
1 h. After washing the reactions with 0.1 M sucrose 
phosphate buffer (SPB), then each well was fixed 
with 1% osmium tetroxide in SPB for 1 h. The fixed 
materials were treated with gradient ethanol (at 50%, 
60%, 70%, 80%, and 90% and then twice at 100% for 
15  min each) and were allowed to air-dry for 24  h. 
The dehydrated samples were coated with a 20  nm 
thick gold film using a sputter coater (Emitech K550, 
Ashford, UK) on an aluminum stub. Then, the biofilm 
formation was observed by SEM (JEOL JSM-6610LV, 
Japan). The electron microscope was operated at an 
accelerating voltage of 10 kV with a 13 mm working 
distance.
Statistical analysis

All data were organized and analyzed using 
GraphPad Prism version  9 (La Jolla, CA, USA). 
The occurrence, antimicrobial resistance phenotype, 
hemolysis-associated genotype and phenotype, and 
biofilm formation phenotype of Vibrio and Aeromonas 
isolates were expressed as percentages.
Results
Occurrence of Vibrio and Aeromonas isolates in retail 
seafood samples

In a total of 120 retail seafood samples, 57 were 
found to be positive and, of these, 35  (61.4%) and 
22 (38.6%) contained Vibrio and Aeromonas isolates, 
respectively. The isolated bacteria were from fish (19 
isolates, 33.33%), shellfish (16 isolates, 28.07%), 
shrimp (11 isolates, 19.30%), squid (8 isolates, 
14.04%), and crab (3 isolates, 5.26%). The isolates 
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were further identified as V. mimicus (n = 7; 12.28%), 
V. vulnificus (n = 7; 12.28%), A. hydrophila (n = 6; 
10.53%), A. caviae (n = 2; 3.51%), other Vibrio spp. 
(n = 21; 36.84%), and other Aeromonas spp. (n = 14; 
24.56%). Table-1 shows the details of each isolate.

Antimicrobial susceptibility profiles
Antibiotic sensitivity testing was performed 

on all isolated strains. In this study, resistance 
was observed against the following antimicrobial 
groups: Penicillin; AMP (n = 32; 56.14%), β-lactam 

Table-1: Distribution of occurrence, antibiotic resistance profiles, and virulence of Vibrio spp. and Aeromonas spp. 
isolates.

Bacterial 
isolates

Source Antibiotic ‑ 
resistant profile

Bacterial strain Presence of 
hlyA gene

Hemolysis 
phenotype

Exoprotease 
production

Type of biofilm 
production

V1 Fish ‑ V. mimicus ‑ ‑ ‑ n
V2 Fish AMC, AMP, SAM, 

and SXT
A. hydrophila + + ‑ m

V3 Fish ‑ V. vulnificus ‑ ‑ ‑ n
V4 Fish AMC, AMP, and 

SAM
V. mimicus + + ‑ m

V5 Fish ‑ V. vulnificus + + ‑ m 
V6 Fish AMC, AMP, and 

SAM
V. vulnificus + + ‑ n

V7 Fish AMC and AMP Vibrio spp. + + ‑ n
V8 Fish AMC, AMP, and 

SAM
A. caviae + ‑ ‑ s

V9 Fish AMC, AMP, and 
SAM

Aeromonas spp. + + ‑ m

V10 Fish AMC, AMP, CAZ, 
SAM, and SXT

Vibrio spp. + + ‑ m

V11 Fish AMC, AMP, SAM, 
and TE

Aeromonas spp. + + ‑ m

V12 Fish AMC, AMP, SAM, 
SXT, and TE

Aeromonas spp. + + + m

V13 Fish AMC, AMP, and 
SAM

V. mimicus + + + m

V14 Fish AMC, AMP, and 
SAM

Aeromonas spp. + ‑ ‑ n

V15 Fish SXT and TE Vibrio spp. + + ‑ m
V16 Fish ‑ Aeromonas spp. ‑ ‑ ‑ n
V17 Fish AMC, AMP, SAM, 

and TE
Vibrio spp. + ‑ ‑ n

V18 Fish AMC, AMP, and 
SAM

Vibrio spp. + + ‑ n

V19 Fish AMP and SAM Vibrio spp. + + + s
V20 Shellfish ‑ V. vulnificus + + ‑ s
V21 Shellfish ‑ V. vulnificus + + ‑ n
V22 Shellfish ‑ V. mimicus + + ‑ m
V23 Shellfish AMC Vibrio spp. + + ‑ s
V24 Shellfish ‑ Vibrio spp. ‑ ‑ ‑ m
V25 Shellfish ‑ Vibrio spp. + + ‑ s
V26 Shellfish AMC, AMP, and 

SAM
A. hydrophila + + ‑ m

V27 Shellfish ‑ Aeromonas spp. ‑ ‑ ‑ n
V28 Shellfish AMC, AK, AMP, GN, 

and SAM
Vibrio spp. + ‑ ‑ n

V29 Shellfish AMC, AK, AMP, 
CAZ, CTX, SAM, 
and SXT

Aeromonas spp. + ‑ ‑ m

V30 Shellfish AMC, AK, AMP, 
CAZ, CTX, GN, 
SAM, and SXT

Aeromonas spp. + + ‑ m

V31 Shellfish AMC, AMP, and 
SAM

Aeromonas spp. + + ‑ n

V32 Shellfish ‑ Vibrio spp. ‑ ‑ ‑ m
V33 Shellfish ‑ Vibrio spp. ‑ ‑ ‑ n
V34 Shellfish ‑ Vibrio spp. + + ‑ n
V35 Shellfish ‑ Vibrio spp. ‑ ‑ ‑ n
V36 Shrimp AMC, AMP, and 

SAM
A. hydrophila + + + m

V37 Shrimp AMC, AMP, SAM, 
and SXT

A. hydrophila + + + m

(Contd...)
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combination agents; AMC (n = 30; 52.63%) and 
SAM (n = 29; 50.88%), cephalosporins; CTX (n = 2; 
3.51%) and CAZ (n = 3; 5.26%), aminoglycosides; 
GN (n = 2; 3.51%) and AK (n = 3; 5.26%), carbapen-
ems; MEM (n = 2; 3.51%) and IMP (n = 2; 3.51%), 
TEs; TE (n = 5; 8.77%) and folate pathways antago-
nisms; SXT (n = 8; 14.04%). The present study indi-
cated that four types of antibiotics, namely, TZP, FEP, 
C, and CIP, are still effective against almost all tested 
isolates (Table-2). Moreover, the MAR index of the 
bacterial isolates obtained from seafood samples was 
calculated. Approximately 26 (45.61%) isolates were 
resistant to at least three classes of tested antibiotics 
with a MAR index of 0.2 or higher. By contrast, 23 
isolates (40.35%) had a MAR index lower than 0.2. 
Nevertheless, eight (14.04%) isolates showed a MAR 
index of 0, indicating the susceptibility to all the anti-
microbials tested. The most frequent MAR patterns 
were observed for AMC, AMP, and SAM, accounting 
for 15 (26.32%) isolates, followed by AMC and AMP, 
accounting for approximately 3  (5.26%) isolates, 
AMC and SAM; AMC, AMP, SAM, and TE; AMC, 
AMP, SAM, and SXT; and AMC, AMP, IMP, MEM, 
and SAM accounting for approximately 2  (3.51%) 
isolates. Interestingly, shellfish were the source of 
the greatest number of drug-resistant bacteria (AMC, 
CAZ, CTX, AMP, SAM, GN, AK, and SXT).

Distribution of the hlyA gene, hemolysis phenotype, 
and proteolytic-producing strains

The distribution of the hemolysis-associ-
ated gene hlyA was investigated for all Vibrio and 
Aeromonas isolates using PCR. The target PCR 
amplicons were 130 base pairs (bp) long. The data 
indicated that 43  (75.4%) isolates carried the hlyA 
gene and, among these, 36 (63.16%) showed hemo-
lytic activity. In addition, the exoprotease-producing 
strain was detected in 5 (8.77%) isolates. A heatmap 
of the percent frequency of each virulence pheno-
type and antibiotic-resistant phenotype is shown in 
Figure-1.
Biofilm formation capacity

The quantitation of biofilm formation for all 
isolates was determined using the microtiter plate 
assay. The results revealed the presence of approx-
imately 32  (56.14%) biofilm-producing isolates 
that can be categorized into moderate biofilm pro-
ducers, 23  (40.35%) isolates and strong biofilm 
producers, 9  (15.79%) isolates. No weak biofilm 
producers were found in this study (Figure-2). In 
addition, the ultrastructure of biofilm at different 
time points (12, 24, and 48  h) was revealed by 
SEM. With the increase in incubation time, more 
extensive biofilm could be observed, as shown in 
Figure-3.

Table-1: (Continued).

Bacterial 
isolates

Source Antibiotic ‑ 
resistant profile

Bacterial strain Presence of 
hlyA gene

Hemolysis 
phenotype

Exoprotease 
production

Type of biofilm 
production

V38 Shrimp AMC, AMP, and 
SAM

A. hydrophila ‑ ‑ ‑ n

V39 Shrimp ‑ V. vulnificus + + ‑ m
V40 Shrimp ‑ V. vulnificus + + ‑ s
V41 Shrimp AMC and AMP Vibrio spp. + + ‑ n
V42 Shrimp AMC and AMP Aeromonas spp. + ‑ ‑ n
V43 Shrimp AMC, AMP, and 

SAM
A. hydrophila + + ‑ s

V44 Shrimp AMC, AMP, and 
SAM

V. mimicus + ‑ ‑ n

V45 Shrimp AMP and SAM Aeromonas spp. + + ‑ s
V46 Shrimp AMP, SAM, and 

SXT
Aeromonas spp. + + ‑ m

V47 Squid AMC, AMP, IMP, 
MEM, and SAM

V. mimicus + + ‑ m

V48 Squid TE V. mimicus ‑ ‑ ‑ n
V49 Squid AMC, AMP, and 

SAM
A. caviae + + ‑ n

V50 Squid AMC, AMP, and 
SAM

Aeromonas spp. + + ‑ m

V51 Squid ‑ Vibrio spp. ‑ ‑ ‑ n
V52 Squid ‑ Vibrio spp. + + ‑ s
V53 Squid ‑ Vibrio spp. ‑ ‑ ‑ m
V54 Squid ‑ Vibrio spp. ‑ ‑ ‑ m
V55 Crab ‑ Aeromonas spp. ‑ ‑ ‑ n
V56 Crab ‑ Vibrio spp. + + ‑ n
V57 Crab ‑ Vibrio spp. ‑ ‑ ‑ n

Number of isolates (%) 43 (75.44) 36 (63.16) 5 (8.77) 32 (56.14)

AMC=Amoxicillin‑clavulanate, AK=Amikacin, AMP=Ampicillin, CAZ=Ceftazidime, CTX=Cefotaxime, GN=Gentamicin; 
IMP=Imipenem, MEM=Meropenem, SAM=Ampicillin‑sulbactam, SXT=Trimethoprim‑sulfamethoxazole, TE=Tetracycline, 
+=Present, ‑=Not present; n=Non‑biofilm producer, w=Weak biofilm producer, m=Moderate biofilm producer, s=Strong 
biofilm producer. V. mimicus=Vibrio mimicus, V. vulnificus=Vibrio vulnificus, A. hydrophila=Aeromonas hydrophila,  
A. caviae=Aeromonas caviae



Figure-1: Heatmap of percent distribution for antimicrobial resistance phenotypes and virulence phenotypes of Vibrio 
isolates from seafood samples. The color band illustrates the percentages of virulence characteristics with individual drug-
resistant phenotype. Generate using GraphPad Prism version 9 (La Jolla, CA, USA).

Figure-2: Biofilm formation potentials of bacterial isolated 
from different seafood samples using microtiter plate assay.
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Discussion

At present, seafood is an important food source 
globally, including in Thailand. Seafood-related 

outbreaks are implicated in foodborne illnesses 
affecting more than half of a hundred thousand each 
year [36]. The contamination of seafood with patho-
genic Vibrio and Aeromonas species is continuously 
reported [37–40]. In the past decades, in Thailand, 
these bacterial groups have been identified as the major 
causative agent of vibriosis [38, 41], which is caused 
by the consumption of raw seafood [6]. Items such as 
raw fish and shellfish can, actively or passively, con-
tain pathogenic bacteria, which may be transmitted to 
humans. The results showed that most of the isolates 
belonged to the genus Vibrio and comprised mainly 
V. mimicus and V. vulnificus. Most isolates were found 
to contaminate fish products. This finding is in line 
with the results of the previous studies [38, 41, 42]. 
However, the bacterial species vary, possibly due to 
differences in the season and geographical origin, as 
well as in the reservoir host species. Furthermore, 
among Aeromonas spp., the predominantly isolated 

Table-2: Antibiogram phenotypes of bacterial isolates from seafood.

Antimicrobial agent (disk content) Antimicrobial resistance patterns of bacterial isolates
Number of isolates (%)

Susceptible Intermediate Resistant

Group penicillin
Ampicillin (10 μg) 22 (38.60) 3 (5.26) 32 (56.14)

Group combined β‑lactam agents
Ampicillin‑clavulanate (20/10 μg) 23 (40.35) 4 (7.02) 30 (52.63)
Ampicillin‑sulbactam (10/10 μg) 28 (49.12) 0 (0) 29 (50.88)
Piperacillin‑tazobactam (100/10 μg) 55 (96.49) 2 (3.51) 0 (0)

Group cephalosporin
Cefepime (30 μg) 56 (98.25) 1 (1.75) 0 (0)
Cefotaxime (30 μg) 51 (89.47) 4 (7.02) 2 (3.51)
Ceftazidime (30 μg) 54 (94.74) 0 (0) 3 (5.26)

Group aminoglycoside
Gentamicin (10 μg) 51 (89.47) 4 (7.02) 2 (3.51)
Amikacin (30 μg) 51 (89.47) 3 (5.26) 3 (5.26)

Group carbapenem 
Meropenem (10 μg) 55 (96.49) 0 (0) 2 (3.51)
Imipenem (10 μg) 55 (96.49) 0 (0) 2 (3.51)

Group chloramphenicol
Chloramphenicol (30 μg) 51 (89.47) 6 (10.53) 0 (0)

Group tetracycline
Tetracycline (30 μg) 48 (84.21) 4 (7.02) 5 (8.77)

Group fluoroquinolone
Ciprofloxacin (5 μg) 52 (91.23) 5 (8.77) 0 (0)

Group folate pathway antagonist
Trimethoprim/sulfamethoxazole (1.25/23.75 μg) 48 (84.21) 1 (1.75) 8 (14.04)
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strain was A. hydrophila 6  (10.53%), which is com-
monly found in shrimp. This finding is in line with the 
results reported by Rahimi et al. [43].

Most bacterial strains were found to have 
reduced susceptibility to AMP 32  (56.14%), AMC 
30 (52.63%), and ampicillin/sulbactam 29 (50.88%), 
but were still nonresistant to piperacillin/tazobac-
tam, FEP, C, and CIP. Remarkably, shellfish were the 
source of the highest number of drug-resistant bac-
teria, which could specifically resist eight types of 
antibiotics tested, namely, AMC, CAZ, CTX, AMP, 
SAM, GN, AK, and SXT. This finding suggests that 
in the near future, commonly used antibiotics may 
become ineffective for the treatment of vibriosis [44]. 
In addition, most isolates 26  (45.61%) had extreme 
MAR index values of 0.2 and above, which is wor-
risome, as it indicates the presence of a greater inci-
dence of multiple drug resistance (MDR) strains in 
the study area. This result is inconsistent with past 
research [45], which reported more than 80% of the 
isolates indicate high-risk origins of bacterial contam-
ination. Nevertheless, the result indicates that fish are 
a high-risk source of contamination.

The presence of pathogenicity, as indicated by 
hemolytic and proteolytic activities, was also inves-
tigated. It was shown that most of the hlyA-carrying 
strains 36  (63.16%) can cause red blood cells lysis 
and this result is in line with previously reported 
values showing that approximately 30%–100% of 
strains caused hemolysis [46]. Nevertheless, the 
present study detected a lower frequency of exo-
protease-producing strains, indicating that the poten-
tial pathogenicity of seafood-derived bacteria is due 
to their possible public health risks. Furthermore, 

bacterial biofilm protects pathogens from environ-
mental stress (such as antibiotics) and increases dis-
ease severity in the infected host [22–24]. In this study, 
the biofilm-producing abilities of the bacterial strains 
most resistant to multiple antibiotics were also inves-
tigated, providing significant evidence in the field.

The present study revealed  the relationship 
between drug resistance patterns and virulence phe-
notype. The occurrence of antibiotic resistance was 
high for many types of antibiotics presently used. 
Most MDR isolates harbored the hemolysis-associ-
ated genes, hlyA, and exhibited some virulence phe-
notypes and biofilm capacity. These results raise seri-
ous concerns regarding food safety and public health, 
as retail seafood products might serve as a reservoir 
for drug-resistant bacteria and virulent strains, which 
could be transmitted to humans through the food 
chain. Control strategies and microbiological risk 
assessments should be implemented. Similarly, con-
stant monitoring of the occurrence, antimicrobial-re-
sistant features, and virulence of foodborne organisms 
(particularly Vibrio spp. and Aeromonas spp.) can pro-
vide useful epidemiological information on foodborne 
bacterial infections in specific areas.
Conclusion

This study examined the occurrence and phe-
notypic characterization of antibiotic resistance pro-
files and the distribution of biofilm formation among 
Vibrio and Aeromonas species isolated from seafood 
samples in Bangkok retail markets. It was clearly 
shown that the isolated bacteria presented multi-
drug resistance and some strains could produce bio-
film. The results of this study may provide useful 

Figure-3: Representative scanning electron micrographs of biofilm formed by Vibrio isolate no. V19 at 37°C for 12 h  
(a, d), 24 h (b,e), and 48 h (c,f). Scale bars: 10 μm (upper panels) and 2 μm (lower panels).
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epidemiological information on foodborne bacterial 
infections in Thailand and also effective surveil-
lance for infection control programs for vibriosis and 
Aeromonas transmission. However, there are limita-
tions to the insight information about the drug resis-
tance genes and AMR dynamics between commensals 
from gut microbiota and pathogens from the environ-
ment. Next-generation sequencing can address AMR 
encounters by enlightening novel perspectives on sur-
veillance and risk appraisal. In addition, surveys of 
virulence phenotypes, antimicrobial resistance, and 
DNA fingerprints should be continuously conducted 
in the study area on a large scale.
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