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Abstract Vibrio species isolated from four different
sampling stations in the west coast of Peninsular Ma-
laysia were screened for their antimicrobial resistance
and plasmid profiles. A total of 138 isolates belonging to
15 different species were identified. Vibrio campbellii,
V. parahaemolyticus, V. harveyi, and V. tubiashii were
found to predominance species at all stations. High
incidence of erythromycin, ampicillin, and mecillinam
resistance was observed among the Vibrio isolates. In
contrast, resistance against aztreonam, cefepime, strep-
tomycin, sulfamethoxazole, and sulfonamides was low.
All the Vibrio isolates in this study were found to be
susceptible to imipenem, norfloxacin, ofloxacin, chlor-
amphenicol, trimethoprim/sulfamethoxazole, and oxy-
tetracycline. Ninety-five percent of the Vibrio isolates
were resistant to one or more different classes of antibi-
otic, and 20 different resistance antibiograms were iden-
tified. Thirty-two distinct plasmid profiles with molec-
ular weight ranging from 2.2 to 24.8 kb were detected
among the resistance isolates. This study showed that
multidrug-resistant Vibrio spp. were common in the
aquatic environments of west coast of Peninsular
Malaysia.
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Introduction

Vibrios are ubiquitous in aquatic environments, depend-
ing on their salt requirement for optimum growth
(Thompson et al. 2004). However, they tend to be more
common in warmer waters, particularly in tropical wa-
ters (Wright et al. 1996). They are found free or in
association with aquatic organisms (Reidl and Klose
2002; Thompson et al. 2005). The genus Vibrio com-
prises more than 63 species, of which about one third are
potential human pathogens and have been implicated in
water- and seafood-related outbreaks of gastrointestinal
and wound infections in humans (Campos et al. 1996;
Oliver and Kaper 1997; Thompson et al. 2004). The
common pathogenic Vibrio species include Vibrio chol-
era, V. parahaemolyticus, V. fluvialis, V. mimicus,
V.metschnikovii, V. hollisae (gastrointestinal tract infec-
tion), V. damsel, V. vulnificus, V. alginolyticus, V. lyticus,
and V. furnissii (septicemias and wound infections)
(Hlady et al. 1993; Campos et al. 1996; Oliver and
Kaper 1997). Some Vibrio species are also known as
zoonotic pathogens that cause diseases in marine ani-
mals (e.g., V. anguillarum, V. ordalii, V. salmonicida,
V. splendidus, and V. harveyi) (Moriarty 1997;
Vaseeharan and Ramasamy 2003; Jayasree et al. 2000).

V. cholera is the most important and well-studied
strain. V. cholera is associated with both epidemic and
pandemic diarrhea outbreaks in many parts of the world.
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Malaysia is located in the cholera endemic South East
Asia zone and is usually associated with sporadic out-
breaks (Mahalingam et al. 1994; Vadivelu et al. 2000;
Radu et al. 2002). Data from the Infectious Diseases
Division of the Ministry of Health Malaysia confirms
the annual occurrence of cholera epidemics since 1980,
and high prevalence was found between the years 1991
and 2011. To date, cholera still continues to pose a
public health concern in Malaysia since there is an
increase in cholera incidence from 0.34 per 100,000
populations in 2008 to 2.05 per 100,000 populations in
2011, with a mortality rate of 0.01 per 100,000 popula-
tions (Ministry of Health Malaysia 2011; WHO 2012).
In aquaculture industry, V. haryei, V. alginolyticus,
V. mimicus, V. parahaemolyticus, and V. vulnificus are
the common culprits in infectious diseases in marine
aquaculture, e.g., Asian sea bass (Ransangan and
Mustafa 2009), shrimps (Robertson et al. 1998), bi-
valves (Pass et al. 1987), and sea horse (Tendencia
2004). These vibrios have been reported to cause mor-
tality and severe economic losses in aquaculture pro-
duction countries (Sahul Hameed et al. 2003; Liu et al.
2004; Gopal et al. 2005). In Malaysia, vibriosis caused
USS$ 7.4 million losses in 1990 (Bondad-Reantaso et al.
2005). Antibiotics have been widely used to treat vibri-
osis in humans and aquaculture livestock. Based on the
surveillance of antimicrobial resistance (Malla et al.
2014), the use of antibiotics in various clinical applica-
tions and aquaculture have resulted in the emergence of
antibiotic-resistant bacteria and subsequently reduces
the effectiveness of antibiotic to combat both human
and animal infections. Another concern is the transfer
of mobile genetic elements (e.g., plasmids, phophages,
integrons, and transposons) and horizontal gene transfer
(Serrano 2005) of antibiotic-resistant traits, which pose
a potential global health risk. Vibrio species have been
shown to have high similarity of genetic makeup of the
environmental isolates and their pathogenic counter-
parts; therefore, Vibrio species have a high possibility
to take up genes responsible for pathogenesis and also
combine virulence genes (Chiang and Mekalanos
1999). Hence, Vibrio species may act as a reservoir for
spreading of resistance genes in aquatic environments.
Most studies on the prevalence and antimicrobial
susceptibility profiles of Vibrios to date have been fo-
cused on food and clinical samples. However, informa-
tion on the occurrence of these bacteria in environmental
sources is not well documented, especially in the trop-
ical coastal waters. The present study evaluated the
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antibiotic susceptibility patterns and plasmid profiles
of Vibrio spp. from four aquatic systems at the west
coast of Peninsular Malaysia.

Materials and methods

Water sample collection and physical parameter
measurements

Water samples were collected from four different sam-
pling sites along the west coast of Peninsular Malaysia,
which are the hot spots for human activities. Port
Dickson (PD) (2° 30" N, 101° 50" E) is a popular
recreational coastal beach where beach resorts and food
stalls are found along the coast. Port Klang (PK) (3° 0’
N, 101° 23" E) is the major logistic hub in Malaysia and
has been recognized as the largest multipurpose port in
Southeast Asia. Port Klang is also located adjacent to
the Klang Valley, which is a busy industrial and com-
mercial center. Kuala Selangor (KS; 3° 21’ N, 101° 15’
E) is a fishing village located at the river mouth of
Sungai Selangor. Sungai Muar (SM; 2° 3’ N, 101° 33’
E) is one of the major rivers in Malaysia and important
water resources for drinking water; irrigation, agricul-
tural, and industrial processes; and the recreational ac-
tivity and mode of transportation for the community and
traders. All samples were collected between May and
December 2011, except water samples from KS which
were collected in December 2010 and February 2011.
The in situ physical parameters (temperature, pH, salin-
ity, and dissolved oxygen) at each sampling site were
measured using a Thermo Scientific Orion 5-Star Plus
multiparameter meter, whereas Secchi depth was mea-
sured using a black and white Secchi disk. All collected
water samples were kept in sterilized glass bottle and
placed under cold conditions for no more than 3 h until
processing in the laboratory.

Dissolved nutrient analysis and chlorophyll a
measurement

For dissolved nutrient analysis, seawater samples were
filtered through pre-combusted (500 °C for 3 h) GF/F
filters (Whatman, UK) and stored at —20 °C until anal-
ysis. Dissolved inorganic nitrogen (nitrate [NOj3], nitrite
[NO,], and ammonium [NHy]), silicate (SiO,), and
phosphate (PO,) concentrations were measured using a
spectrophotometer (Parsons et al. 1984). Measurement
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of chlorophyll @ was carried out according to Parsons
et al. (1984). All measurements were carried out in
triplicates.

Carlson’s trophic state index

The trophic state of the four sites was calculated accord-
ing to Carlson (1977). Chlorophyll a concentration and
Secchi depth were used to obtain the trophic state index
(TSI) according to the equations

TSISD = 60-14.41 In(SD)

TSIchiq = 30.6 + 9.81 In(Chl-a)

TSI values of less than 40 correspond to oligotrophic
conditions, values between 40 and 50 indicate mesotro-
phic conditions, values of 50 to 70 indicate eutrophic
environments, and index values greater than 70 are
associated with hypertrophic conditions.

Isolation and identification of Vibrio species

The presumptive Vibrio strains were isolated from sea-
water samples by spread plating method (0.1 mL) and
membrane filtration technique (1 mL) onto thiosulfate-
citrate-bile salts-sucrose (TCBS) agar (Difco) supple-
mented with 2 % sodium chloride (NaCl). The inocu-
lated plates were incubated at 30 °C overnight. The
selected colonies were then purified and identified using
biochemical and differential tests according to the
Bergey’s Manual of Systematic Bacteriology (Murray
et al. 1984) before being subjected to polymerase chain
reaction (PCR) confirmation. The isolates which were
confirmed were then separated into different operational
taxonomic units (OTUs) based on their phenotypic char-
acteristics by using Euclidean cluster analysis in PAST
(version 2.17b). One representative isolate from each
different OTUs was selected for 16S rDNA PCR using
primers 341F (5'-CCTACGGGAGGCAGCAG-3") and
907R (5'-CCGTCAATTCMTTTGAGTTT-3’), which
produce an amplicon of approximately 586 bp. The
procedure used in PCR was modified from that de-
scribed by Winter et al. (2007). PCR conditions were
as follow: initial denaturation at 95 °C for 1 min, follow-
ed by 30 cycles of 95 °C for 1 min, 62 °C for 1 min,
72 °C for 1 min, and a final extension step at 72 °C for
30 min. All sequences obtained were compared to

GenBank entries using Basic Local Alignment Search
Tool (BLAST) in order to obtain a preliminary
affiliation.

Diversity index

The Vibrio species richness at four sites was determined
using Shannon-Weaver index (H'), (Shannon and
Weaver 1949). H' was calculated with the following
equation:

H' ==Y Pi[log(Pi)]

where Pi=ni/N (ni=number of Vibrio isolates of one
species and N=total number of Vibrio tested).

Antibiotic susceptibility testing

The confirmed Vibrio species were tested for their sus-
ceptibilities to 14 antibiotics belonging to 10 different
classes of antimicrobial agents. The tests were per-
formed using E-test method and disk diffusion method
as described by the Clinical and Laboratory Standards
Institute (2005) on Mueller-Hinton agar (Difco) supple-
mented with 2 % NaCl. The minimum inhibitory con-
centrations (MICs) of antibiotics consisting of ampicil-
lin (AM, 0.016-256 ug mL ™), aztreonam (AT, 0.016—
256 ug mL ™), cefepime (PM, 0.016-256 ug mL™),
chloramphenicol (CL, 0.016-256 ug mL™"), erythromy-
cin (EM, 0.016-256 pg mL "), imipenem (IP, 0.002—
32 ug mL™), norfloxacin (NX, 0.016-256 ug mL ™),
ofloxacin (OF, 0.002-32 ug mL ™), streptomycin (SM,
0.064-1024 pg mL™"), sulfamethoxazole (SX, 0.064—
1024 ug mL™"), and trimethoprim/sulfamethoxazole 1/
19 (TS, 0.002-32 ug mL™") were determined by E-test
strips (AB Biodisk, Sweden), and the MICs for
mecillinam (Mel, 10 pg) and compound sulfonamides
(S3, 300 pg) were determined by antibiotic disks
(Oxoid, UK). The E-test strips and antibiotic disks were
applied to the inoculated plates and incubated at 30 °C
for 24 h under aerobic conditions. The MICs were
determined according to the manufacturer’s instruction.
For oxytetracycline (OTC), E-test produce unreliable
results (Nonaka et al. 2000); therefore, the MIC was
determined by 96-well microbroth dilution method
(Clinical and Laboratory Standards Institute 2005). Iso-
lates were grown overnight in tryptic soy broth supple-
mented with 2 % NaCl at 30 °C. Prior to inoculation,
cell density was adjusted to an optical density (OD) of
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0.5 at 625 nm. Twenty microliter of the bacterial sus-
pension was inoculated into 96-well plates that
contained 180-uL Mueller-Hinton broth (final cell den-
sity ~10° cfu mL™'; Difco, US) amended with 2 % NaCl
and with twofold serial dilutions of OTC. The
inoculated plates were incubated overnight at
30 °C. The MIC was determined as the minimum
antimicrobial dilution which inhibits the visible
growth of the bacteria being tested.

Multiple antibiotic resistance index

The average multiple antibiotic resistance (MAR) index
of all Vibrio strains at one site was calculated by the
formula

MAR index = y/nx

where “y” is the aggregate antibiotic resistance score of
all Vibrio strains from one site, “n” is the number of
Vibrio strains tested, and “x” is the number of antibiotics
used in the study. A MAR index value of equal or
greater than 0.2 indicates that antibiotic resistance at
study area is rendered from high risk of contamination
by antibiotics, whereas value smaller than 0.2 indicates
that antibiotic resistance at study area is indigenous
(Krumperman 1983).

Plasmid DNA isolation

Plasmid DNA was isolated from Vibrio species that were
resistant to two or more antibiotic classes. Plasmid DNA
isolation was performed according to O’Sullivan and
Klaenhammer (1993). The isolated plasmids were
checked via 0.8 % agarose gel electrophoresis. Alpha
Imager 2200 was used to enumerate the sizes of plas-
mids by comparing with supercoiled DNA ladder (New
England BioLabs). Escherichia coli pUC18 and E. coli
pcDNA were used as positive controls.

Statistical analyses

Multivariate analysis of variance (MANOVA) and anal-
ysis of similarity were carried out according to Zar
(1999). All data were reported as mean + standard devi-

ation (SD).
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Results and discussion

The physico-chemical parameters obtained at our four
sampling stations are shown in Table 1. The average
surface water temperature of all sampling sites was
29.6 °C which is typically tropical waters (Bong and
Lee 2008). Salinity varied over a wide range from 3.7
+3.6t027.5+ 1.4 ppt, whereas pH ranged from 6.5+0.8
to 7.9£0.1. The chlorophyll a varied within a narrow
range, except at Kuala Selangor where the chlorophyll a
concentration was fivefold higher than other sampling
stations. Both dissolved oxygen level and Secchi depth
transparency were higher in coastal water (Port
Dickson) compared to estuaries (Port Klang and Kuala
Selangor) and river (Sungai Muar). All the dissolved
inorganic nutrients were higher in estuaries and river,
except for phosphate. From the physico-chemical prop-
erties, the four study sites were different (MANOVA,
F=2.32x10*, p<0.01). The concentration of dis-
solved inorganic nutrients was within the range previ-
ously reported (Bong and Lee 2008; Lee and Bong
2008; DID 2009). The high levels of eutrophication
were found in both estuarine (Kuala Selangor, Carlson’s
TSI=68) and river (Sungai Muar, Carlson’s TSI=56).
The major causes of eutrophication in these waters are
land clearing (deforestation) and rapid development of
agriculture, residential, commercial, industrial, and in-
frastructure in these areas (Ishak et al. 2003; Lee et al.
2006; DOE 2010).

Abundance and diversity of Vibrio species

The Vibrio abundance varied from <1+0 Est to 245
+58 cfu mL™", and the highest abundance was detected
in Kuala Selangor (Fig. 1). One-hundred and thirty-
eight Vibrio isolates were obtained from this study, of
which 48 isolates were from Port Dickson, 33 isolates
from Port Klang, 34 isolates from Kuala Selangor, and
23 isolates from Sungai Muar. For the total number of
isolates, 15 different Vibrio species were identified, with
V. campbellii (n=32, 23 %), V. parahaemolyticus
(n=32, 23 %), and V. harveyi (n=17, 12.2 %) as the
predominant species, followed by V. tubiashii (n=12,
8.6 %), V. vulnificus (n=10, 7.2 %), V. ponticus (n=9,
6.5 %), and V. neptunius (n=6, 4.3 %). The other
species present were rare (less than 5 %), V. fortis,
V. brasiliensis, V. cholerae, V. mediterranei,
V. alginolyticus, V. azureus, V. sinaloensis, and V. xuii.
In this study, the Shannon diversity index (H’) ranged
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Table 1 The measurements of the physico-chemical parameters (mean + standard deviation) at four stations: temperature, salinity, pH,
chlorophyll a concentration, dissolved oxygen, Secchi depth, ammonium (NH,), nitrate (NO5), phosphorus (PO,), and silicate (SiO.)

Parameters Station

PD (sandy coast) PK (estuary) KS (estuary) SM (river)
Temperature (°C) 29.6+0.7 29.4+0.6 299+13 29.6+2.7
Salinity (ppt) 275+1.4 26.8+1.2 10.3+9.4 37+3.6
pH 7.9+0.1 7.6+0.1 7.0+0.3 6.5+0.8
Chlorophyll a (ug L™ 3.1+04 32+1.0 164+23 23422
Dissolved oxygen (LM) 206+2 142+13 163+£37 141+13
Secchi depth (m) 1.1£0.7 0.6+0.1 0.3+0.1 0.3+0.1
Ammonium (LM) 0.67+0.14 6.09+0.65 7.12+4.12 8.25+3.56
Nitrate (uM) 1.77+1.47 6.37+0.53 13.37+10.56 15.83+4.10
Nitrite (M) 0.24+0.21 544097 3.30+2.16 0.75+0.38
Phosphate (M) 1.44+1.03 1.26+0.01 0.52+0.16 0.39+0.32
Silicate (LM) 10.69+7.26 28.33+£8.32 41.75+£18.71 3222+8.34

from 0.9 to 2.2. The highest H' was observed at Port
Dickson (H'=2.2) followed by Port Klang (H'=1.5),
Kuala Selangor (H'=1.6), and Sungai Muar (H'=0.9).
Among the vibrios, V. campbellii, V. parahaemolyticus,
V. harveyi, and V. tubiashii were found at all sampling
sites (Fig. 2).

The abundance of Vibrio species measured in this
study was within the range reported in other studies
(Eiler et al. 2006; Wetz et al. 2008; Vijayan and Lee
2014). Our results showed that the average abundance
and diversity of Vibrio were higher in estuarine and
coastal waters compared to river water. This may be
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Fig. 1 Abundance of Vibrio species at four sites

caused by the different characteristics of the water,
particularly salinity (Eiler et al. 2006) and nutrient con-
centration (Motes et al. 1998; Eiler et al. 2006). Previous
culture-dependent studies in temperate and tropical
waters have shown to have a significant correla-
tion between salinity, nutrient concentration, and
the Vibrio spp. abundance (Thompson et al.
2004; McDougald and Kjelleberg 2006; Soto and
Gutierrez 2009; Vijayan and Lee 2014). However,
temperature is less important factor for tropical
waters because temperature fluctuates less through-
out the year compared to temperate waters (Turner
et al. 2009; Asplund et al. 2011).

In this study, we compared the vibrio community
structure via analysis of similarity and found that they
were not significantly different among the four stations
(p>0.05). We found that V. campbellii,
V. parahaemolyticus, and V. harveyi were the predomi-
nant species in all the sampling sites. These Vibrio
species are commonly detected in tropical marine re-
gions and are among the most important bacterial path-
ogens of many commercially farmed marine inverte-
brate and vertebrate species in many Asian countries
(Vaseeharan and Ramasamy 2003; Gopal et al. 2005;
Tanil et al. 2005). The prevalence of these pathogenic
species in coastal, estuary, and river waters of west coast
of Peninsular Malaysia may pose a significant health
hazard to local individuals who have direct contact with
water through recreational activities or via seafood
consumption.
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Fig. 2 The abundance of each Vibrio species among sampling sites

Antibiotic susceptibility testing

Of the 138 Vibrio isolates, only 84 isolates could be
revived from —80 °C glycerol stocks (Port Dickson 28,
Port Klang 22, Kuala Selangor 23, and Sungai Muar 11)
and tested for their antibiotic susceptibility against 14
antibiotics (Fig. 3). The highest frequencies of resistance
were observed against erythromycin (81.8-95.7 %), am-
picillin (42-82 %), and mecillinam (42-55 %) at all
sampling sites except for Sungai Muar where ampicillin
(27 %) and mecillinam (9 %) resistance were low. The
rates of resistance against aztreonam and cefepime were
low (8.7-32 and 0-9 %, respectively) at all sampling
sites. In contrast, low rate of streptomycin resistant was
only found in isolates from both Port Dickson and Kuala
Selangor, whereas low rate of sulfamethoxazole resis-
tant was found in Kuala Selangor and Sungai Muar. At
Sungai Muar, low resistance rate to sulfonamides was
also observed. All the Vibrio isolates were found to be
susceptible to imipenem, norfloxacin, ofloxacin, chlor-
amphenicol, trimethoprim/sulfamethoxazole, and
oxytetracycline.

Seventy-six (90.5 %) Vibrio isolates were found to be
resistant to erythromycin with MIC range 1-12 pg mL™".
Moderate to high levels of ampicillin resistant were ob-
served in 49 (58.3 %) isolates, 5 isolates with MIC range of
16-192 pg mL™' and the remaining isolates showed
higher MICs (>256 pg mL ). Aztreonam and cefepime
resistance were found on a total of 19 (MIC range
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16->256 pug mL™ ') and 6 (MIC range
24->256 ug mL ") isolates, respectively. The isolates from
both Port Dickson and Sungai Muar were all found to have
streptomycin resistance at a MIC of 32 ug mL ™. More-
over, high level of sulfamethoxazole resistance was ob-
served in five isolates from both Kuala Selangor (MIC
>1024 pug mL™") and Sungai Muar (MIC range
512->1024 pg mL'; Table 2).

The resistance of Gram-negative bacteria to erythro-
mycin is expected due to their intrinsic resistance
(Nikaido 1998), whereas ampicillin has been widely
used since 1960 and ampicillin resistance is also com-
monly reported (e.g., Zanetti et al. 2001; Vaseeharan
et al. 2005; Maluping et al. 2005; Akinbowale et al.
2006; Lagana et al. 2011). Mecillinam is a (3-lactam
antibiotic used in the treatment of urinary tract infections
and has also been used for treatment of typhoid and
paratyphoid fever (Clarke et al. 1976; Geddes and
Clarke 1977). Mecillinam resistance is common among
clinical isolates of E. coli, Shigella spp., and V. cholera
O1 (Anderson 1977; Hossain et al. 1998). However,
studies on mecillinam resistance in environmental iso-
lates are less commonly reported. Our findings are con-
sistent with Neela et al. (2007) who found a high per-
centage of mecillinam-resistant vibrios from seawater
around fish cages in Japan. Mecillinam resistance in
marine bacteria isolated from coastal waters of Peninsu-
lar Malaysia has also been reported (You et al. 2012). In
the present study, the low resistance rates to ampicillin,
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Fig. 3 Antibiotic susceptibility
of Vibrio spp. at all sites
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sulfonamides, and mecillinam in Vibrio spp. isolated
from Sungai Muar may due to the nutrient levels in the
water. Studies with E. coli have shown that resistance to
ampicillin, streptomycin, and sulfonamide were lost in
phosphate-limited growth, whereas iron limitation has
impact on mecillinam resistance (Godwin and Slater
1979; Vinella et al. 2005).

Aztreonam resistance among clinical and environ-
mental Vibrio spp. is rarely reported (Jain et al. 2008;
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Pan et al. 2013). In this study, aztreonam resistance was
8.7-32.1 % and similar to other studies (24.2 % (Pan
et al. 2013) and 12.5 % (Lagana et al. 2011)). In this
study, six Vibrio isolates were found to be resistant to
cefepime (7-9 %), which was higher than both Shaw
etal. (2014) and Pan etal. (2013) who reported only 3 %
of their Vibrio isolates as resistance to cefepime. The
resistance extent of aztreonam and cefepime in this
study is of concern as these antibiotics are considered
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to be some of the more effective defenses against severe
infections caused by Vibrio. Moreover, cefepime is one
of the newer fourth-generation cephalosporins. Thus,
even a small percentage of resistance in environmental
vibrios could raise significant concerns. Surveillance
and monitoring of aztreonam and cefepime resistance
vibrios in our aquatic environment are needed to reduce
public health risks.

Sulfonamides (sulfa drugs) are most widely used
class of antibiotics all over the world especially in
developing Asian countries due to their inexpensiveness
and wide spectrum antimicrobial activity (Managaki
et al. 2007; Luo et al. 2011; Suzuki and Hoa 2012).
These antibiotics are commonly used in agriculture,
livestock operations, aquaculture, and human therapy.
Resistance to sulfonamides has been reported in clinical,
aquaculture, and aquatic environments from different
geographical regions (Petersen et al. 2002; Kiimmerer
2004; Hoa et al. 2008, 2011; You et al. 2012; Suzuki
et al. 2013; Das et al. 2014). In this study, resistance
against sulfonamides was only observed in Kuala Se-
langor (SX, 8.7 %) and Sungai Muar (SX and S3, 27.3
and 18.2 %, respectively), and their resistance rates were
relatively lower compared to those studies observed in
Philippines, Thailand, and Vietnam (Agerse and
Petersen 2007; Hoa et al. 2011; Suzuki et al. 2013).
The notable frequency of sulfonamide-resistant bacteria
detected in both Kuala Selangor and Sungai Muar may
have been due to inputs from domestic sewage, shrimp,
and poultry farms in these areas that could promote the
development of resistance. Although concentrations of
antibiotics in the water samples were not measured in
this study, several studies have reported the occurrence
of selected veterinary antibiotics (macrolides, sulfon-
amides, fluroquinolones, and trimethoprim) in tropical
waters (Managaki et al. 2007; Suzuki and Hoa 2012).

The antibiograms of all the 84 Vibrio isolates are
shown in Table 3. Multiple antibiotic resistance was
observed, and 20 different resistance antibiograms were
identified among the isolates. Ninety-five percent of the
Vibrio isolates were resistant to one or more different
classes of antibiotic. Only 5 % were susceptible to
all antibiotics tested, indicating widespread occur-
rence of MAR Vibrio spp. in coastal, estuary, and
river waters in the west coast of Peninsular Malay-
sia. Most of the resistant isolates (48 %) were found
to have resistance to two antibiotic classes, whereas
24 % were resistant against three antibiotic classes.
One V. tubiashii strain isolated from Port Klang

was found to be resistant to four different classes of
antibiotic. None of the Vibrio isolates from water sam-
ples were fully resistant to all antibiotics used. Our
results showed that Vibrio isolates from Kuala Selangor
showed the highest frequency of MAR (83 %); these
were followed by Port Klang (73 %), Port Dickson
(68 %), and Sungai Muar (64 %). The MAR index of
0.2 was observed at all the sampling stations except
Sungai Muar, which had a lower MAR index value of
0.1. In this study, there were no clear species-specific
antibiotic resistance patterns. These results are in agree-
ment with others studies showing multiresistance inci-
dence in Vibrio spp. from aquatic environments and
seafood samples (Neela et al. 2007; Matyar et al.
2008; Baker-Austin et al. 2009; You et al. 2012). The
MAR indexes of Vibrio spp. from both coastal (Port
Dickson) and estuary (Port Klang and Kuala Selangor)
waters in this study were consistent to those Vibrio spp.
isolated from seafood (Zulkifli et al. 2009; Noorlis et al.
2011) and other coastal waters (Tanil et al. 2005; Matyar
et al. 2008), indicating that our coastal and estuarine
waters are impacted by antibiotic pollution from human
and animal sources.

Plasmid profiles

Forty-six strains (54.8 %) belonging to
V. parahaemolyticus (18), V. campbellii (9), V. harveyi
(7), V. ponticus (3), V. vulnificus (3), V. alginolyticus (2),
V. azureus (2), V. cholerae (1), and V. tubiashii (1) were
found to contain plasmids with molecular weight rang-
ing from 2.2 to 24.8 kb, whereas 38 (45.2 %) isolates did
not harbor any plasmids. Thirty-one isolates (36.9 %)
had one plasmid, 8 isolates (9.5 %) had two, 4 isolates
(4.8 %) had three, and 3 isolates (3.6 %) had four
plasmids. Thirty-two distinct plasmid profiles were
identified among the isolates (Table 3).

These findings were consistent with the study carried
out by Zanetti et al. (2001) where 50 % of the Vibrio spp.
isolated from coastal water harbor plasmids from 1.5 to
26 kb. The plasmids detected in this study were most
probably not R plasmids as R plasmids are usually
>30 kb (Guiney and Landa 1989). However, these small
plasmids may still contribute to horizontal transfer via
mobilization or conduction (Norman et al. 2009). More-
over, MDR strains detected in this study were without
the presence of plasmids, suggesting that MDR-related
genes in these Vibrio spp. can potentially be obtained
through transposition, chromosomal-mediated
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Table 3 Antibiograms and plasmid profiles of different Vibrio spp. from four sites

Site Strain ID Species Antibiogram Plasmid Plasmid sizes (kb)
Port Dickson PDV129 V. alginolyticus AM, AT, EM, MEL + 21.6,19.3,12.4,11.8
PDVII V. brasiliensis EM -
PDVI126 V. brasiliensis EM -
PDV128 V. brasiliensis EM -
PDV26 V. campbellii AM, AT, EM, MEL -
PDV30 V. campbellii AM, AT, EM, MEL + 13.8
PDV146 V. campbellii AM, AT, EM, MEL -
PDV152 V. campbellii AM, AT, EM, MEL -
PDV127 V. fortis EM, SM -
PDV93 V. harveyi AM, EM, MEL -
PDV9%4 V. harveyi AM, EM, MEL -
PDV137 V. harveyi AM, AT, EM, MEL -
PDV20 V. mediterranei EM -
PDVI115 V. mediterranei - -
PDV121 V. mediterranei EM, SM -
PDV7 V. neptunius SM -
PDV22 V. parahaemolyticus AM, EM, MEL + 13.8
PDV132 V. parahaemolyticus AM, EM, MEL + 13.5, 6.1
PDV151 V. parahaemolyticus AM, EM, MEL + 7.3
PDV96 V. ponticus EM, SM -
PDV97 V. ponticus EM, SM -
PDVI112 V. ponticus - -
PDV123 V. sinaloensis EM -
PDVS V. tubiashii AT, PM, EM -
PDV109 V. tubiashii AT, PM, EM -
PDV118 V. tubiashii AM, AT, EM, MEL -
PDV141 V. tubiashii EM
PDV148 V. tubiashii AM, EM, MEL -
Port Klang PKVI16 V. campbellii AM, AT, EM -
PKV23 V. campbellii AM, AT, EM, MEL + 15.1
PKV32 V. campbellii AM, EM, MEL + 23.6,15.0
PKV34 V. campbellii AM, EM, MEL + 15
PKV39 V. campbellii AM, EM + 14.9
PKV42 V. campbellii AM, EM, MEL + 15.8
PKVI18 V. parahaemolyticus EM + 14.4
PKV26 V. parahaemolyticus AM, EM, MEL + 15
PKV40 V. parahaemolyticus AM, EM + 14.9
PKV41 V. parahaemolyticus AM, EM, MEL + 15
PKV43 V. parahaemolyticus AM, EM, MEL + 12.3
PKV45 V. parahaemolyticus AM, EM, MEL + 149,11.3
PKV49 V. parahaemolyticus AM, EM, MEL + 12.3
PKV52 V. parahaemolyticus AM, EM, MEL + 12.3
PKV56 V. parahaemolyticus AM, EM, MEL -
PKV3 V. ponticus EM + 14.1
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Table 3 (continued)

Site Strain ID Species Antibiogram Plasmid Plasmid sizes (kb)
PKV10 V. ponticus AT + 14.5
PKVI2 V. ponticus AT, PM + 14.5
PKV7 V. tubiashii EM + 14.1
PKVS55 V. vulnificus EM + 3.7
PKV57 V. xuii EM -

PKV61 V. tubiashii AT, PM, EM, MEL -

Kuala Selangor KSV35 V. alginolyticus AM, EM, MEL + 13.0,7.3,5.7
KSV34 V. azureus AM, EM + 13.3,79,22
KSv72 V. azureus EM + 12.4
KSV9 V. campbellii AM, EM, MEL + 12.5
KSV46 V. campbellii AM, AT, EM -

KSV49 V. campbellii AM, EM, MEL + 12.4

KSv74 V. campbellii AM, EM, MEL + 13.1

KSV1 V. harveyi AM, EM, MEL + 23.3,13.8,5.0,4.6
KSVv2 V. harveyi AM, EM + 23.3,13.8,4.7,44
KSv4 V. harveyi AM, EM, MEL + 13.3,10.9, 6.0
KSv7 V. harveyi AM, EM, MEL + 18.1, 13.0

KSV32 V. harveyi AM, EM, MEL -

KSV59 V. harveyi AM, PM, EM, MEL + 12.4

KSVe6l1 V. harveyi AM, EM, SX + 13.1,3.9

KSVv64 V. harveyi EM -

KSve67 V. harveyi AM, EM + 12.4

KSV6 V. parahaemolyticus AM, AT, EM, MEL + 12.3

KSvi4 V. parahaemolyticus AM, EM + 13.0, 3.1

KSVie6 V. parahaemolyticus AM + 12.5

KSV37 V. parahaemolyticus AM, EM, SX, MEL + 11.3

KSV70 V. parahaemolyticus AM, EM + 12.4

KSV29 V. ponticus PM, EM, SM

KSv45 V. tubiashii EM -

Sungai Muar SMV60 V. campbellii AM, AT, EM -

SMV81 V. cholerae EM + 13.2, 8.1
SMV71 V. harveyi EM -

SMV2 V. parahaemolyticus AM, EM + 13.1

SMV4 V. parahaemolyticus AM, EM, SX + 12

SMV36 V. tubiashii EM, MEL -

SMV7 V. vulnificus EM, SX, S3 + 16.9,13.1,10.4
SMVSE V. vulnificus AT, EM + 24.8,13.1
SMV9 V. vulnificus AT, EM, SX, S3 -

SMV78 V. vulnificus - -

SMV80 V. vulnificus -

AM ampicillin, AT aztreonam, EM erythromycin, PM cefepime, MEL, mecillinam, SM streptomycin, SX sulfamethoxazole, S3 compound
sulfonamides, NT + presence of plasmid, — absence of plasmid

conjugation among Vibrio spp., and other bacterial spe- Kitaoka etal. 2011). Besides, antibiotic resistance mech-
cies (Son et al. 1998; Manjusha and Sarita 2011; anisms including efflux pumps, mutation event, and
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sulfamethoxazole-trimethoprim (SXT) elements may
also contribute to antibiotic resistance in vibrios (Levy
and Marshall 2004; Nguyen et al. 2009; Kitaoka et al.
2011). More studies are needed to screen for other
possible mobile genetic elements such as SXT element
and integrons in order to understand the maintenance
and dissemination of resistance determinants among
Vibrio in tropical waters.

Conclusions

This study revealed that the antibiotic-resistant and
multidrug-resistant Vibrio spp. were common in aquatic
environments of west coast of Peninsular of Malaysia,
suggesting a great risk to public health. R plasmid-
mediated resistance was not observed, and further investi-
gations are required to clarify the maintenance and mobil-
ity of these resistance determinants among Vibrio in trop-
ical aquatic environments and how it might impact on
human health and environment. Surveillance and monitor-
ing of antibiotic resistance and pollution levels of antibi-
otics should be encouraged in order to reduce inappropriate
use of antibiotics and the threat to public health.
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