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CHAPTER |

INTRODUCTION

Marine shrimp farming in Thailand began in the 1970s and the country has
exported the cultivated marine shrimps since 1984. Thailand has currently become one
of the largest shrimp suppliers among 30 shrimp-producer countries, of which the top
importing partners include the United States, the" European Union and Japan (National
food institute, Thailand, 2008). Tetal shrimp preduclien of Thailand is estimated 500,000
tons per year and, approximately, 350,000 tons per year is designated for exporting
purpose. In 2007, the estimated value of exporting marine shrimps was 80,000
million Baht, which was aceounted for 1.5 % of total exporting income of the country

(National food institute, Thailand, 2008).

As marine shrimps aré one of the impertant export products of Thailand, they
have faced several devastaling disease outbreaks, for examples; Vibriosis, Yellow-head
and White spot syndrome (OIE/-FAQO/MWHO, 2004; 2006). Vibriosis has been known as
one of the most frequent bacierial diseases. contributing to-major loss in the marine
shrimp culture (Lightner, 1993). V. parahaemolyticus, V. alginolyicus and other
Vibrio spp. have been associated with outbreaks in many countries including Thailand
(Direkbusarakom et al,, 1992; Lighner and Redman 1998), Indonesia (Hisbi et al., 2000),
Philippines (Tendencia et al.,.1997), Taiwan'(Lee et al, 1996) and China (Sudheesh et
al., 2001).. Clinical signs of Vibrigsis in shrimps Include septicemia, necrosis of
appendage, brown spot and red disease syndrome (Lightner,.1993). As. V. harveyi, a
luminous Vibrio strain, is an important etiological agent of Vibriosis in shrimps, disease
outbreaks attributed to the species have been observed in Thailand (Flegel et al., 1999),
Indonesia (Hisbi et al., 2000), Taiwan (Lee et al., 1996), Philippines (Lavilla-Pitogo et al.,
1990), India (Karunasagar et al., 1994) and Ecuador (Austin et al., 1998). Clinical signs
of V. harveyi infection usually include hepatopancreatic degeneration, larvae

bioluminescent and mass mortality (Lightner, 1993; Austin et al., 1998).



Vibrio species are generally considered opportunistic pathogens causing
diseases when shrimps are stress (Lightner, 1993; Dalsgaad et al., 1995). Some species
i.e. V. cholerae, V. parahaemolyticus, V. vulnificus and V. fluvialis are also foodborne
and zoonotic pathogens with the clinical manifestations ranging from gastroenteritis to
septicemia and wound infection (Daniels and Shafaie, 2000; Elliot et al., 1998). Human
infections are usually associated with consumptions of raw or insufficiently-cooked
seafood especially shellfish. Human infections due to drinking of contaminated water
and exposure of open wounds to Vibrio-contaminated environment have been reported
(Charles et al., 2004, Codex, 2005a; Croci et al, 2008). V. cholera and
V. parahaemolyticus, the common food-borne enteric pathogens in Asia are responsible
for approximately haif of the feod poisoning and gastreenteritis outbreaks in Thailand,
Taiwan, Japan, and Several Southeast Asian countries (Codex, 2005a; Gopal et al.,
2005). They have been implicated in numerous outbreaks of seafood-borne
gastroenteritis in the United States and Europe (Elliot et al., 1998; Falbo et al., 1999;
Charles et al., 2004). In Thailand, V. parahaesmolyticus and V. cholerae are particularly
concerned due to the increasing number of populations at risk for outbreaks. Among
Vibrio spp. associated outbreaks, infection with V. parahaemolyticus occurs at the
highest rate up to 78 % of all food poeisoning cases (Codex, 2005a; Sriwanna, 2007).
Infections of V. cholera had high morbidity rate of 1.57 per 100,000 populations and are
mostly reported in the Southern region with of Thailand (Bureau of epidemiology, 2007).
V. vulnificus and V. fluvalis infections have happened at lower incidence. However,
V. vulnificus usually causes severe infections and ends up with death, of which mortality
rate is up to 75% of total seafood-borne-patients (Sriwanna et al., 2006). V. fluvialis
outbreaks have occurred. at-much_less. frequency and clinical signs are like those
of cholera (Srifuengfung et ‘al.;’ 2004)." Taken ‘together, ‘widespread--of Vibrio spp.
in humans and marine shrimp culture could affect both public health and economy of

the country.

As fast-growing of the marine shrimp culture industry promptly calls for the need
to intensify farming practices to maximize profits, production of marine shrimp culture is

mostly depressed by bacteria infections. In the past, antibiotics were administered



during farming primarily to prevent and treat bacterial infections. The antibiotics in use
include fluoroguinolones (especially enrofloxacin), florfenicol, oxytetracycline,
trimetroprim and sulfonamide (Serrano, 2005; OIE/FAO/MWHO, 2006). In aquaculture,
the mostly-used antimicrobials are fluoroquinolones and tetracycline that are also drugs
of choice for treatment of Vibrio infections in human (Okuda et al., 1999, Elliot et al.,
1998). Therefore, improper and over-use of antimicrobials in aguaculture can select for
antimicrobial resistant bacteria, especially Vibrio species (OIE/FAQO/WHO, 2004;
Serrano, 2005; OIE/FAQ/WHO, 2006). Currenily, incidence of antimicrobial-resistant
Vibrio spp. has been increasing worldwide and the pathogen can transfer resistance
genes to other bacteria intra- and inter-species (Codex, 1995b; Dalsgaad et al., 1995;
2000). Resistance to-antimierobials can occur from low te high resistance levels through
persistent mutations.in chromosomal genes or/fand throeugh the acquisition of mobile
genetic elements e.g. bacterigphages, plasmids, transposons or integrons (Codex,

1995b; Fluit et al., 2004; OIE/FAO/WHO, 2006).

As a result, international organizations have implemented projects and
conferences to discontinue the abuse of antibiotics. Codex Alimentarius Commission
has issued code of practice to minimize and contain antimicrobial resistance. The main
idea of this code i5 to-pian for reduce-antimicrobial resistance in bacteria with the
scientific supports studies of mechanisms of antimicrobial resistance and molecular
epidemiology of antimicrobial resistance in bacteria (Codex, 2005b). Joint of Food and
Agriculture Organization (FAQ), World organization for. animal heaith (OIE) and World
Health Organization (WHO) ‘have' discussed-on “the ‘topic “of antimicrobial use in
aquaculturenand antimicrobial resistance. (OIE/.FAQ/MWHO,. 2006). These conferences
have intended to control the abuse of ‘antimicrobials-and to-decrease the incidence of

antimicrobial-resistant bacteria.

In aquaculture, various antimicrobials have been widely used for treatment and
prevention of disease. Such antimicrobial use may increase selection pressure for
antimicrobial resistance and promote distribution of resistance determinants in

Vibrio spp.. As seen in other bacterial strains, Vibrio species have several mechanisms



of antimicrobial resistance. Integrons are important mechanisms for the acquisition of
antibiotic resistance genes among Gram-negative bacteria. They are mobile genetic
elements that can transfer between and within species. There are 9-integron types and
class 1 integrons is the most commonly identified type. Class 1 Integrons are able to
contain one or more antibiotic resistance genes that can be mobilized to other bacteria
(Mazel, 1998; Fluit et al., 2004). Resistance to tetracycline in bacteria can occur via two
primary mechanisms. Two major mechanisms include the energy-dependent efflux
systems and ribosomal protection protein (RPP).(Robert et al., 2001; Song et al., 2006a).
Additional mechanism responsible for resistance to tetracycline in bacteria is an enzyme
that inactivates the tetracycline molecule. Thirty-nine different tetracycline resistance
tet genes have beencharacterized (Robert et al., 2007; Suzuki et al., 2002). The majority
of tet genes in bacteria have been associated with conjugative or mobilization elements.
These mobile elements have enabled the tet genes to intra- and inter- genus/species
transfer (Robert et al., 1996; 2001). The acquisition of fluoroquinolone resistance is
mainly due to chromosomal mutations, although a plasmid mediating fluoroguinolone

resistance.

While data regarding molecular epidemiology and mechanisms of antimicrobial
resistance has beén-increasingly required lo-conirol and reduce dissemination of
resistant Vibrio spp., this data in Thailand is still imited. Such information from other
countries cannot be totally applied to situations in Thailand because type of
antimicrobial use .is different in different. countries. To dale,. studies of genetics of
antimicrobial resistance in-Vibrio-spp. have-been-conducted’in‘'many countries e.q. India
(Amita.et.al; 2003), China-(Song et al.,.2006a) and Italy. (Falbo et al.,.1999). However, in
Thailand,” there' are only two published articles, ‘one 'in—V. choleraisolated from
hospitalized patients (Dalsgaad et al., 1999a; 2000) and the other associated with the
strains isolated from marine shrimps (Dalsgaad et al., 2000). These two studies only
concentrated on class 1 integrons. Genetics of antibiotic resistance in other Vibrio

species isolated from marine shrimp cullure have never been reported in Thailand.



Therefore, this study, the melecular mechanisms underlying resistance to
tetracycline and fluoroguinolones, drugs of choice for treatment of Vibrio infections were
determined. Class 1, 2 and 3 integrons that are mobile-genetic elements and can
transfer multiple drug resistance to other bacteria intra- and inter-species were
characterized. Transferability of integrons among Vibrio species was determined.
The species of Vibrio included in this study were V. cholera, V. parahaemolylicus,

V. vulnificus and V. fluvialis that could inflict diseases in both humans and shrimps.

Results from this study will help us to understand molecular mechanisms of
antimicrobial resistance in Vibrio spp. istlated from eultured marine shrimp in Thailand.
The data obtained can be used as part of antimicrobial resistance monitoring. It can be
also used to demonstrate the link of antimicrobial resistance Vibrio spp. between
aquatic animals and humans when combined with molecular epidemiological data from
humans and aquaculture produgts. In addition, the data can be applied in risk analysis
of antimicrobial resistance and facilitate further studies of molecular mechanisms of

antimicrobial resistance in Vibrio spp.



CHAPTER I

REVIEW LITERATURES

1. General characteristics and pathogenesis of Vibrio spp.

Vibrio spp. is a gram-negative bacterium in Vibrionaceae family. Its shape is
straight or curved rod like “comma” with- 0508 pm width and 1.4-286 pm length.
Vibrio spp. has single flagella with membrane, therefore it can molile. The bacterium s
facultative anaerobe, preduces no spore and is oxidase-positive. The optimal growth
temperature is 37°C. [L.gan grow well at pH 8.95 and also in salinity water especially in
sed water surface, thereforg: 8 classified as a halophilic bacterium. Vibrio species are
generally able to grow an the selective medium thiosulfate-citrate bile salt-sucrose agar

(TCBS) (Daniels and Shafaie, 2000; Charles et al., 2004).

Vibrio species ar@ the major causative agents for most serious diseases in
shrimp particularly in stressful condition. The;ﬂ}'gran'tsms are pathogenic to humans and
have been implicated in food-borne diseases and zoonoéis, They can be isolated from
infected patients,“aquatic animals and environment, Clinieal signs and severity of the
disease depend on bacterial species and strains (Elliot et al., 1998; Daniels and Shafaie,

2000).

A, B

Figure 1: Vibrio cholera A. Colony on TCBS agarand B. Gram stain



V. cholera, which causes gastroenteritis and diarrhetic syndrome, is a non
invasive bacterium. The target organ is small intestine with the infective dose of 10°
organisms. V. cholera O1 and 0139 strains cause cholera epidemic and large outbreak
of cholera (Daniels and Shafaie, 2000; Charles et al., 2004). They produce a heat-
sensitive cholera enterotoxin (CT) that is the primary virulence factor of the cholera
disease. The typical characteristic cholera symptoms include diarrhea with rice water
stool, mild to acute diarrhea, vomiting and dehydration. However, V. cholera non-O1
and non-0139 strains are sporadically involwved in cholera-like diarrheal disease.
Clinical sign are mild gastroenteritis and septicemia (Elliot et al., 1998; Daniels and

Shafaie, 2000).

V. parahaemolyticus s ~an invasive bacterium. Clinical signs of
V. parahaemolyticus infection are gastroenteritis, acute diarrhea, abdominal cramps,
nausea, vomiting, headache, fever, and septicemia. The infective dose is 10° organisms.
Most clinical strains of V. parahaemolyticus produce thermostable direct hemolysin
(TDH) and/or a TDOH-related hemolysin (TRH) {ﬂanie!s and Shafaie, 2000; Charles &t al.,
2004).

V. vulnificus causes wound- infection, gastroenteritis or a syndrome known as
primary septicemia. Clinical signs of V. wuinificus infection in healthy individuals are
gastroenteritis and wound infection. The infection is usually severe and ends up with
death in persons who are immunocompromised, especially in people with some type
of chronic underlying illness 'exg. diver disease, diabetes, cirrhosis, leukemia or
a compromised immune system. Invasion of bacteria is characterized by occurrence of
blister like skin lesion and rapidly-spreading necrosis (Elliot et.al., 1998; Charles et al.,

2004).

V. fluvialis strains are the sporadic causes of diarrhea like cholera. The clinical
signs include dehydration, vomiting, fever, abdominal pain and diarrhea (Elliot et al.,
1998: Daniels and Shafaie, 2000). V. fluvialis produces an enterotoxin similar to

non-O1 V. cholera inducing fluid accumulation. This enterotoxin is known as “the



vacuolating cytotoxin” that contains cytotoxic and vacuolating activity on cells. This toxin

may play a role in the pathogenicity of V. fluvialis (Chakraborty et al., 2005).

2. Occurrence and epidemiology of antimicrobial resistance in Vibrio spp.

Vibriosis in humans is transmitted primarily by the fecal-oral route, indirectly
through contaminated raw seafood and water supplies (Charles et al., 2004).
V. parahaemolyticus and V. cholera, cornmon food-borne enteric pathogens in Asia,
cause approximately half of the food poisoning and gastroenteritis outbreaks in
Thailand, Taiwan, Japan _and-India (Elliot et al., 1898; Wong et al.,1999; Gopal et al.,
2005).

Among Vibrio ~spp. @ssociated outbreaks in Thailand, infections with
V. parahaemolyticus oceur at the highest rate up to 78 % of food poisoning cases
(Codex, 2005a; Sriwanna, 2007). V. cholera infections in Thailand is the morbidity rate
of 1.57 per 100,000 populations and case fatality rate 0.71%. They are mostly reported
in the Southern region with ‘the rate of 3.6 per 100,000 populations (Bureau of
epidemiology, 2007). V. vulnificus and V. fluvalis infections occur at lower incidence.
V. wuinificus usually-causes severe infection and ends up with death, of which the
mortality rate is accounted for up to 50% of total seafood-borne patients (Charles et al.,
2004; Sriwanna, 2006). The rates of V. fluvialis outbreaks are much less and the clinical

sign is similar to cholera (Srifuengfufig et al., 2004; Chakraborty et al., 2005).

Previous studies showed that Vibrio spp. strains resistant to-antimicrobial are
increasing around the world (Yamamoto-et al., 1995; Dalsgaard et al., 1999a, 2000).
Reported of Cholera cases in Thailand in 2007, V. cholera serogroup O1, serotype
Ogawa strain were resistant to tetracycline (100%) and susceptible to norfloxacin
(100%) (Bureau of epidemiclogy, 2007). Clinical and environmental V. cholera strains
isolated in Thailand in 1982-1995 were resistant to gentamicin, kanamycin, tobramycin,
streptomycin, spectinomycin, p-lactams and trimetroprim (Dalsgaad et al., 1995; 2000).

V. cholera non-01 and non-0139 strains isolated during the cholera-like epidemic



among the Cambodia in 1982 were resistant to trimethoprim-sulfamethoxazole with a
high percentage (92%) (Dalsgaad et al., 1995). V. cholera strains isolated from Vietnam
during 1979-1996 were resistant to sulfonamides and streptomycin (Dalgaard et al.,
1999b). In Varanasi, India before 1992, V. cholera isolates were resistant lo
cotrimoxazole, trimetroprim, streptomycin, furazolidone and ampicillin (Mohapatra et al.,
2008). Later, V. cholera strains that re-emerged in India and Bangladesh after 1992
were resistant to sulfamethoxazole, trimethoprim and streptomycin (Amita et al., 2003).
V. cholera strains isolated in Africa (Thunggapathra et al., 2002), India (Columbo et al.,
2006a; 2006b) and Thailand (Dalsgaard el al, 2000) were resistant to P-lactams,

trirmetroprim, sulfonamides and streptomycin.

3. Genetics of antimicrobial resistance in Vibrio spp.

3.1 Integrons in Vibrio spp.

Integrons are important mechanisms for the acquisition of antibiolic resistance
genes among bacteria. They are miobile genetic elements that can transfer between and
within species. There are 9-integren types and class 1 integrons is the most commonly
identified type that plays an important role in transfer and distribution of antibiotic

resistance particularly in gram-negative bacteria (Mazel, 1998; Fluit et al., 2004).

Genetic organization’ of class 1 integrons_is shown in figure 2A. The integrons
have 2 conserved regions (CS), 5'CS and 3'CS. The 5<CS contains the infl1 gene, which
encodes the type 1 integrase responsible for site-specific insertion and excision of gene
cassettes. The region also contains the ati/7 site, which is responsible for recombination
of the 'site specific integration of the gene cassettes into the integron structure.
The 3-CS is usually characterized by the fused structure of qacEA1 and sulf genes
encoding resistance to quaternary ammonium compounds and sulfonamide,
respectively (Mazel, 1998; Dalgaard et al., 2000). The integrons have internal variable
regions, which usually contain gene cassettes encoding antibiotic resistance (Dalsgaad

et al., 1995; Hall and Caollis, 1995). Class 1 integrons were also previously determined in



10

clinical and environmental V. cholera strains isolated in Thailand. They were found to
harbor the gene cassettes aadB, aadA2, blaP1, dffA1 and dffA15 that encode
resistance to gentamicin, kanamycin and tobramycin, streptomycin and spectinomycin,
B-lactams and trimetroprim, respectively (Dalsgaad et al., 1995; 2000). A study in
Vietnam showed that V. cholera carried the aadAZ gene cassette in the integrons
(Dalgaard et al., 1999b). V. cholera strains isolated in Africa (Columbo et al., 2006a;
2006b), India (Thunggapathra et al., 2002) and Thailand (Dalsgaard et al., 2000) carried
the blaP1, dffA15 and aadA2 gene casseites. W cholera isolated in Albania and Italy
carried the aadA1 gene cassetles (Falbo et al., 1899). Class 1 integrons were previously
determined in other Vibrie'spp.. V. parahasmolyticus isolated in South Africa carried the
dffA15 gene cassettes (Columbe et al., 2008b) and V. fluvialis isolated in India carried
the dfrA15, aac(3)-Id @and aadA7 gene cassettes that encode resistance to trimetroprim,
gentamicin, streptomyéin and spectinomycin, respectively (Srinivasan et al., 2006).
Class 1 integrons can be feunded on chromosome and/or plasmid. If these integrons
are founded on chromosome, they cause the permanent drug resistance without
antibiotic pressure. Those integrons carried on plasmid could promote distribution of
antibiotic resistance genes by intra- and inter- genus/species transfer (Hall and Collis,

1995; Fluit et al., 2004).
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Figure 2: Genetic organization of (A) class 1 integrons, (B) class 2 integrons and (C) class 3
integrons. The Int!1, intl2 and intl3 genes encode the type 1, 2 and 3 integrase enzymes,
respectively. The attlf, attl2 and altl3 sites are responsible for recombination of the site specific
integration of gene cassettes. The orfX is an open reading frame of unknown function. The insA-E is

transposition genes responsible for transposase binding.

Class 2 integrons was previously identified in only two isolates of V. cholera.
One was a clinical isolate in India and the other was an environmental isolate in
Bangladesh (Ahmed et al., 2006). They were found ta Carry the dfrA1, sal and aadAT
gene cassettes that encode resistance to trimetroprim streptothricin - and
streptomycin/spectinamyein, respectively (Ahmed et al., '2006). Genetic organization of
class 2 integrons is shown in figure 2B. The integrons have 5'-CS that contains the intl2
gene and a variable region containing gene casselte(s) and open reading frame of
unknown function. It has the transposition (tns) genes responsible for transposase

binding in mobility of transposon (Hansson et al., 2002).
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Class 3 integrons (Figure 2C) have never been identified in Vibrio spp.. To date,
they have been only identified in Serratia marcescens, Klebsiella pneumonia and
Delftia spp. (Duarte et al., 2003; Xu et al., 2007). Class 3 integrons have 5'-CS that
contains the intf3 gene and a variable region containing gene cassette(s) and open

reading frame of unknown function (Duarte et al., 2003).

3.2 Tetracycline resistance

Tetracyclines exhibit activity against a wide range of gram-positive and gram-
negative bacteria. Tetracyelines inhibit baclerial protein synthesis by preventing the
association of aminoacyltRNA with the bacterial ribosome. Resistance to tetracycline in
bacteria can occur via two primary mechanisms. Two major mechanisms include the
energy-dependent efflux systems that extrude drugs out of the cells and ribosomal
protection protein (RPP) that protects the ribosome from tetracycline binding (Robert
et al., 2001; Song et al., 2006b). Additional mechanism responsible for resistance to
tetracycline in bacteria is an enzyme that modifies and inactivates the tetracycline

molecule (Robert et al., 2001, Suzuki et al., 2002)

Thirty-nine different tetracycline resistance {fef} genes have been characterized.
The tet genes encode for efflux pumps e.g. tet(A), tet(8), tet(C), tet(D), tet(E), tet(G),
tet(K) and tet{L). A previous study demonstrated that tet(A-E) and let{G) are widespread
among Gram-negative bacteria isolated from marine animals (Song et al., 2006a;
2006b). The tetfH-L) genes have been present in less frequency (Robert et al., 2001;
Suzuki et al,, 2002; Jeong et al.,2008). The tet genes encode for ribosomal protection
proteins e.g. tet(M), tef(O), tet(S) and tet(W). A previous study demanstrated that tet(M),
tet(Q) and tel(S) genes have been present in less frequency among gram-negative
bacteria (Robert et al., 2001; Suzuki et al., 2002; Barton et al.,2007). Little is still known
about the RPP-encoding genes. Up to date, only the tet{M) and fel(S) genes have been
identified in Vibrio spp. (Suzuki et al, 2004). The tel (34) gene encode an enzyme,
xanthine-guanine phosphoribosyltransferase, which inactivates the tetracycline molecule

(Robert et al., 2001; Suzuki et al., 2002; Jeong et al., 2007). The majority of tet genes in
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bacteria have been associated with conjugative or mobilization elements e.g. mobile
plasmids, conjugative transposons and integrons. These mobile elements have enabled

the tet genes to intra- and inter- genus/species transfer (Robert et al., 1996; 2001).

The tet(A) gene has been previously identified in many Vibrio species, including
V. cholera (Dalsgaard et al., 2001), V. harveyi, V. tubiashii (Barton et al., 2007),
V. splendidus, V. tasmaniensis (Song et al., 2006a; 2006b). The tet(B) gene has been
reported previously in V. splendidus, V. tasmaniensis (Song et al., 2006a; 2006b) and
Vibrio spp. (Robert et al., 2001; Song et al,, 20063, Jeong et al., 2007). The tef(C) gene
has been previously identified in V. cholera (Olsvik et al., 1995) and many of Vibrio spp.
(Robert et al., 2001). The tet(D) gene has been previously found in V. splendidus,
V. tasmaniensis (Song et al., 2006a; 2006b) and other unidentified Vibrio spp. (Robert
et al., 2001). The tet(E) aene has been identified in V. mimicus (Barton et al., 2007). The
tet(G) gene has been previously determined in several Vibrio species. (Robert et al,,
2001). The tet{M) gene has been previously identified in V. mimicus (Barton et al., 2007)
and other Vibrio spp. (Suzuki et al., 2004, Jeong et al., 2007). The tet(S) gene has been
found in Vibrio spp. at low frequency (Suzuki et al., 2004, Jeong et al., 2007). In this

paper, the species of Vibrio was not identified.

3.3 Fluoroquinclones resistance

The fluoroquinolones are broad spectrum antibacterial agents. The first and third
generations of quinolones, ie. nalidixic acid and levofloxacin, have greater activity
against gram positive bacteria. The second generation-of quinolones, .. ciprofloxacin
and norfloxacin, has. excellent activity against gram negative bacteria (Vila, 2005).
The bacterial targets of fluoroguinolones are the DNA gyrase (topoisomerases |l) and
topoisomerase IV. They function by inhibition of enzyme DNA gyrase or the
topoisomerase IV enzyme in DNA synthesis. DNA gyrase enzyme consists of 2 subunits,
GyrA and GyrB encoded by the gyrA and gyrB genes, respectively. Topoisomerase IV
enzyme consists of 2 subunits, ParC and ParE encoded by the parC and parE genes,

respectively. Both DNA gyrase and topoisomerase IV require ATP to complete the
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function. DNA gyrase is the enzyme responsible for the generation of negative
supercoiling of DNA and is necessary for initiation and propagation of the DNA
replication fork. Topoisomerase |V plays a major role in decatenating daughter replicons

following DNA replication (Okuda et al., 1999; Ruiz, 2003; Vila, 2005)

The acquisition of fluoroquinolones resistance is mainly due to chromosomal
mutations, although a plasmid mediating fluoroquinolones resistance i.e. gnr gene.
The chromosomal mutations can be distribuled into two groups: First, mutations in
topoisomerase genes i.e. gwA, gyrB, parC and parE. Second, mutations causing
reduced drug accumulation, by a decreased uptake or by increased efflux (Ruiz, 2003,
Vila, 2005). The mutations in topoisamerase genes, resistance to fluoroguinolones
arises from amino  acid substitution in a target region of the corresponding
topoisomerase called the “Quinglone Resistance Determining Regions: QRDRs" located
within the DNA-binding domain on the surface of gyrase and topoisomerase protein.
The mutations may alter the interaction between enzymes and drugs resulting in the

reduced sensitivity to fluroguinolenes (Ruiz, 2003; Vila, 2005).

In Vibrio spp., mutations in gyrA and parC have been shown to confer
decreased sensitivity of DNA-gyrase-to-flucroquinolones: Previous studies showed that
Mutation in gyrA, V. parahaemolyticus (Okuda et al., 1999), V. cholera (Kundu et al.,
2002), V. fluvialis (Srinivisan et al., 2006) and V. anguiflarum (Colguhoun et al., 2007,
Aoki et al., 2008) strains. resistant o fluoroguinclones were shown to contain a single
base pair change in the gyrA sequence responsible for a serine to isoleucine change at
residue position 83 (Ser-83-lie), V.. cholera had an .additional. mutation in the gyrd
sequence responsible for a aspartic' acid to tyrosine change at residue position 100
(Asp-100-Tyr) (Kundu et al., 2002). Mutation in parC, V. parahaemolyticus (Okuda et al.,
1999), V. cholera (Kundu et al., 2002), and V. anguillarum (Colguhoun et al., 2007; Acki
et al., 2008) strains resistant to fluoroquinolones were shown to contain a single base
pair change in the parC sequence responsible for a serine to leucine change at residue

position 85 (Ser-85-Leu)



CHAPTER 1l
MATERIALS AND METHODS

The experiment was divided into 3 phases: phase I, test for antimicrobial
susceptibility; phase Il, determination of genetics of antimicrobial resistance and

phase IIl, test for transferability of integrons. The conceptual framework is shown in

Figure 3.

Phase |

Phase Il

{4

. A1 Vibrio spp. (n=83)
~ Molecular characterization
~ of class 1, 2 and 3 integrons

T -

[ Anvibiospp. (n=83)
Determination of the presence of tet genes

Vibrio spp. strains resistant -to
flucroquinalones. (n=17)
Examination of mutationis) in gyrA and parC

Phase lll

s [t e ot ]

Figure 3: The conceptual framework in this study
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Vibrio isolates

A total of 83 Vibrio isolates comprising V. parahaemolyticus (n=26), V. cholera
(n=18), V. fluvalis (n=23), and V. vulnificus (n=16) were included in this study. All of the
isolates were obtained from the strain collection of Department of Veterinary Medicine,
Faculty of Veterinary Science, Chulalongkorn University. These strains were isolated
from clinical cases of diseased shrimps in farmed-marine shrimps in Thailand during
2001-2002. All the strains were [solated using the standard methods as described in
FDA Bacteriological Analytical Manual {Ei[iuf et al, 1998) and tested for their
biochemical characteristics. with APl 20E (Biomerieux, France) in previous studies
(Wongtavatchai et al., 2006). All of the bacterial strains were stored as 20% glycerol
stocks at -80°C and sent to Pepartment of Veterinary Public Health, Faculty of Veterinary

Science, Chulalongkorn .Uhiversity for further studies as follows.
Phase | Test for antimicrobial susceptibility

All of the Vibrio isolates were testad for their antimicrobial susceptibility by
determining Minimum Inhibitary Concentrations (MICs) using a serial two-fold agar
dilution technique. The procedures are in accordance with.the Clinical and Laboratory
Standards Institute(CLSI, formerly NCCLS). The antimicrobials include ampicillin
(AMP), chloramphenicol (CHL), ciprofloxacin (CIP), erythromycin (ERY), enrofloxacin
(EMR), kanamycin (KAN)o streptomycin (STR), sulfamethoxazole (SMX), tetracycline
(TET) and trimethoprim (TMP). The Vibrio- isolates 'were grown on Tryptic Soy Agar
(TSA; Difco, MD, USA) supplemented with 1% NaCl. After incubation at 37°C for
18-24'h, the colanies were transferred to 0.85% NaCl solution (NSS) and the cell density
was adjusted to Mcfarland standard 0.5 or approximately 10° CFU/mL. Then, the
suspension was ten-fold diluted in NSS, giving a final cell count of approximately
10’ CFU/mI. The suspension was inoculated onto the Muller-Hinton agar (MHA; Difco,
MD, USA) containing appropriate concentrations of antimicrobials by using a multi-point
inoculator. The serial two-fold dilutions of antimicrobials were dissolved in appropriate

solvents. The solvents and antimicrobial concentrations used are shown in Table 1.
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After 18-24 hr. incubation, the MIC was recorded as the lowest concentration of an

antimicrobial yielding no visible growth of bacteria. Breakpoints are the discriminating

concentrations used for the interpretation of results of susceptibility testing to define

isolates as susceptible or resistant with the interpretation guidelines established by CLSI

and shown in Table 2. Multidrug resistance (MDR) was defined as isolates being

resistant to 3 or more different classes of antimicrobials. Escherichia coli ATCC 25922

and Staphylococus aureus ATCC 29213 were used as quality control organisms.

Table 1: Solvents and concentrations of antimicrobials

Antimicrobials Solvent

Concentration range {(pg/mi)

ampicillin Distilled'water
chloramphenicol ~ 95% ethanol

ciprofloxacin 0. 1N Na@H
enrofloxacin 0.1N NaCH
erythromycin methanaol
kanamycin Distilled water
streptomycin Distilled water

sulfamethoxazole  0.1M NaOH

tetracycline T0% ethanol

0.125, 0.25, 0.5, 1,2, 4, 8, 16, 32, 64, 128

0.125, 0.25,0.5, 1,2, 4, 8, 16, 32, 64, 128

0.004, 0.008, 0.016, 0.031, 0.063, 0.125,0.25,0.5, 1,2, 4, 8, 16, 32
0.004,0.008, 0.016, 0.031, 0.063, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32
0.063, 0125, 025,05, 1, 2, 4,8, 16, 32

0.25,05,1.2. 4.8, 16. 32,64, 128, 256

0.25,0.5,1.2, 4, 8, 16, 32. 64, 128, 256

059 1.19, 2.38, 4,75, 9.5, 19, 38, 76, 152, 304, 608

0.031, 0,063, 0.125,0.25,0:5, 1, 2, 4, 8, 16, 32, 64

trimethoprim dimethylacetamide 0.125, 0.25, 0.5, 1,2, 4, 8. 16
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Table 2: Breakpoints used in this study

Antimicrobials Breakpoint (pg/ml)
ampicillin" K,
chloramphenicol® 32
cipmﬂuxaqin" 4
enrofloxacin” 4
erythromycin® 8
kanamycin® 64
streptomycin” 16
sulfamethoxazole” 76
tetracycline” 1B
trimethoprim” 4

" MIC Interpretative standard for V. cholera
" MIC Interpretative standard for Enterobacteriaceae

“ MIC Interpretative standard for Enteroceccus spp.
Phase |l Determination of genetics of antimicrobial resistance in Vibrio spp.

The experiments in this phase included
1. Characterization of class 1, 2 and 3 integrons
2. Determination of the presence of fef genes

3. Examination of mutation(s) of the QRDRs in gyrA and parC genes.

For all steps, DNA template was prepared- by the whole cell boiled lysate
procedure (Dalgaard, 1999"). Bacteria were grown on TSA supplemented with 1% NaCl
and incubated at 37°C for 24" h, A single colony was suspended in 50 pl of sterile
distilled water and heated in a boiling water bath for 10 minutes. The suspension was
centrifuged at 12,000 rpm for 5 minutes. The supernatant was removed to a new

eppendorf tube and stored at -20°C until used.

All primers used in this study are listed in Table 3.
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Gene Primer  Sequence (5'-3") Amplicon Referance
size (bp)
Mutations in QRDRs
gyra VGYR-Z  AAICTIGAICTITGGAAICTIAAIAG) 203 Okuda et al.. 1999
(GICIC
VGYR4  TCIACIGMIGTIAGITAAC/GTICIGTICATIA
CIGTIGC
parC VGYR-3  AA(AGITAICTICAICTICCIACIGT) 106 Okuda et al., 1999
CAICTIG
VGYR4  TCIACIGTIGT(AGITAIAC/GMICIGTICAT(A/
CIGMGE
Antibiotic resistance gene
tetk taKF CAATACCTACGATATCTA 352 Klare et al., 2007
KR TIGAGETGTCTTGGTTCA
tetL et F TGGTCGTATCTICTACTCATTC 385 Werner et al.. 2003
telLR TTCCEATITCGGCAGTAG.
fetM 1etMF GGIGAACATCATAGACACEC 401 Werner et al, 2003
eIMR cﬁmﬁ:mmc" |
tet0 1e1OF  AGCGTCAAAGGGGAATCACTATCC 1,723 Kiare et al, 2007
181OR. CGGCGGGOTIEECAANTA.
fets tet1SF ATCAAGATATTAAGGAC 573 Gervers et al., 2003
1e1SR TTCTCTATGTGGTAATC
Integrons
i1 Int1F CCTGCACGGTTCGAATG 487 Chuanchuen et al 2007
Int1R TCGTTTGTTCGCCCAGE
fnii2 Int2F GGCAGACAGTTGCAAGACAA 247 Chuanchuen et al. 2008a
Int2R AAGCGATTTTCIGCGTETTT
Inti3 INEF CCEGTTCAGTCTTTCLTCAA 155 Chuanchuen et al. 20083
INt3R GAGGCGTGTACTTGCCTCAT
variabis-<egions0y e g GGCATCCAAGCAGTAAG variable Levesqde et al, 1995
3¢S AAGCAGACTTGACCTGA
gacEdr qacEF TAAGCCOTACACAAATTGGGAGATAT 363 Chuanchisen et al, 2007
gacER  GCCTCCGCAGCGACTTCCACG
ol sultF CGGACGCGAGGCCTGTATC 591 Chuanchuen et al 2007
sul1R GGGTGCGGACGTAGTCAGS
qacEA1-sull  GacEF  TAAGCCGTACACAAATTGGGAGATAT 1.198 Chuanchuen et al,.2007
sul1R GGGTGCGGACGTAGTCAGG




1. Molecular characterization of class 1, 2 and 3 integrons
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First, the presence of intl1, intl2 and intl3 genes was identified. The intl1, 2

and/or 3-positive strains were, then, investigated for the presence of inserted gene

cassettes that were later characterized. Finally, the presence of typical 3' conserved

segment of the int/1-positive strains was examined. Locations of primers used for

integron analysis are shown in Figure 4. Experiments are described in detail below.

qacEF
L]
i_._. 11980 e——rdi
¥
int1R n1F  5CS ICS gacEF . gacER sullF
: :
b 497 bp o ——  variable ‘—-‘ l-mw-l I—-H‘ibp
1 L] []
intl1 | [ gene casseties. ) qae&Af sult orfs
A. Class 1 integrons
nt2R  int2F 5CS 3cs
] ]
be 207 55 o t— variable ——rif
[l 1 I
int2 gene cassettes orf5
B. Class 2 integrons
IR IM3F 5CS 3cs
L]
rﬂssbp-{ —— variable e——i
]
inti3 - gene cmiaum>-o- orf5

C. Class Jintegrons

Figure 4: Localization of primers used in characterization of class 1 integrons. Pnimers int1F and

int1R were used for amplification of the int/1 gene. Primer 5'C5 and 3'CS were used for amplification

of inserted gene cassettes. Primer pairs gacEF-gacER and sul1F-sul1R were used to amplify qacEA1

and sul1, respectively. The fused structure of gacEAT-sul1 was confirmed using primer pair qacEF-

sul1R. Primer int2F and int2R were used for amplification of the infi2 gene. Primer int3F and int3R

were used for amplification of the intl3 gene. The arrows indicate the direction of primers. The

vertical-dashed lines indicate locations of primers.
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All PCR assays were carried out in a final volume of 25 pl using PCR Master Mix
{Fermentasm. Mainz, Germany) according to the manufacturer's instruction. Each PCR
reaction consisted of 12.5 pl of Fermentas® MasterMix, 5.5 ul of sterile-distilled water,
1.0 pl of each primer at 10 pm and 5 pl of DNA template. PCR amplifications were
conducted on a PCR Tpersonal combi model® {Eiometrami Germany). Thermal cycling
conditions included of an initial denaturation at 94°C for 5 minutes, followed by
30 cycles of 1 min at 94°C, 1 minute at 50°C, 1 minute at 72°C and a final step of 72°C
for 5 minutes. The PCR products obtained were separated on gel electrophoresis in
1.5% agarose gel (Agarose, Sigmaﬂ.ﬁ!ddch‘! USAJ and Tris-acetate/EDTA buffer and
applying 100 V for 30-45 minutes. The gels were stained in ethidium bromide solution
(Sigma Aldrich Inc.) and visualized by the Bio-Rad Gel-Documentation system (Bio-Rad
Laboratories, Ventura, CA, USA). The PCR amplicons were gel purified using
Nucleospin Gel Extraction kit {Mui’:!ecﬁpinﬁ Gutenberg, France). The DNA
representatives were submitted for seguencing at Macrogen Inc. (Seoul, South Korea).
Nucleotide sequence analysis was performed usiﬁg the Blast algorithm available at the
National Center for Biotechnology -Information . website (www.ncbi.nim.nih.gov).
Pseudomonas aeruginosa P90 (Chuanchuen et ai._!;?ﬁ'ﬂ?}. Salmonella Paratyphi B var
Java (van Essen-Zandbergen et al., 2007} and pAV3.5 (Xu et al., 2007) were used as

positive controls for intl1, intl2-and-inii3-genes; respeclively.

All the isolates containing class 1 integrase were assayed for the presence of
inserted gene casseftes using 5'CS and 3'CS primers as previously described
(Levesque et al., 1995). PCR reaction conditions were an initial denaturation at 95°C for
5 minutes, and 30 cycles-of denaturation.for 45 seconds al 95°C, primer annealing for
1 minute at 54*C/ and extension for 3'minutes at72°C and a final extension at'72°C for

5 minutes.

All the strains containing class 1 integrase gene were examined for the presence
of the 3'conserved regions using gacEF and sullR primers as previously described
(Chuanchuen et al., 2007). Thermal cycling conditions consisted of an initial

denaturation at 95°C for 5 minutes, and 30 cycles of denaturation for 45 seconds at
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95°C, primer annealing for 1 minute at 54°C, and extension for 3 minutes at 72°C and a

final extension at 72°C for 5 minutes.

2. Determination of the presence of tef genes

All the Vibrio isolates were screened for the presence of tetfK), tet(L), tetiM),
tet{Q), tet(S) by PCR using specific primers. PCR reaction conditions for lef genes were
a predenaturation at 95°C for 5 minutes, and 30 cycles of denaturation for 45 seconds at
94°C, primer annealing for 45 second at 55°C, and extension for 45 seconds at 72°C
and a final extention at 72°C for'S minutes. PCR products were gel purified and the
representative DNA sampleswere submitted for nucleotide sequencing Campylobacler
coli CAC041 was used as positive control for tet(Q) gene (Chuanchuen et al., 2008).
E. coli pJ13 and pAT451 were used as positive controls for tet(M) and tet(S) genes

respectively (Bryan et al., 2004).

3. Examination of mutations of the QRDRs in the gyrA and parC genes

The Vibrio isolates resistant lo ciprofloxacin and enrofloxacin were examined
for mutation(s) in the QRDRs of gyrA and parC using PCR and DNA sequencing.
Amplifications of the QRDRs of the gyrA were performed using a primer set, VGYR-2
and VGYR-4 as previously described (Okuda et al., 1999). For the parC gene, the QRDR
was PCR amplified using primers VGYR-3 and VGYR-4. PCR thermocycling conditions
were as follows: an initial denaturation at 95°C for 5 minutes, followed by 30 cycles of
95°C for 45 second, 55°C for 45 second,@nd 72°C for 30 second, with a final step at
72°C for 5 minutes. All PCR products weré gel purified and submitted for nucleotide
sequencing. Nucleotide, sequencing analysis was perfarmed using the NCBI Blast
search. The ‘resulting nucleotide sequence of both strands were compared with the
published DNA sequence of Vibrio spp. (GenBank accession numbers AB023569 and
AB0235570 for gyrA and parC, respectively) using the Chromas ver.1.45 and Segman
{DNA-STAR) program. Two Vibrio isolates susceptible to both ciprofloxacin and

enrofloxacin were used as negative controls.
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Phase |l Determination of the presence of the plasmid DNA

Originally, the experimental design proposed was to determine if class 1, 2 and
3 integrons with antibiotic resistance gene cassettes could be transferred to other
bacteria. However, no class 1 integrons with resistance gene cassettes was found and
none of the Vibrio isolates carried class 2 and 3 integrons (see results on page 28).

Therefore, this part of the proposed experiment was nol performed.

The experiment in this phase was determination of the presence of plasmid DNA

as described below.

All Vibrio isolates ' were determined for the presence of plasmid DNA. Plasmid
DNA were extracted with'the cenventional-plasmid minipreparation method (Kraft et al.,
1988). Bacteria were grown on LB broth supplemented with 1% NaCl and incubated
at 37°C for 24 h. The 1/5-ml portion of the Culture was transferred into an eppendorf tube
and centrifuged at 14,000 gpm for.2 min_ﬁfﬁs, The supernatant was removed and the
bacterial pellet was washed with 1 mi pﬁbéphate buffered saline (PBS, Diagxc-tics*,
Wilton, USA). A hundred-pl of 10 mgiml Lysozyme (BioBasic Inc®, Canada) was added
and the pellet was re-suspended by vortexing. rhﬂer incubation at room temperature for
5-10 minutes, 200-pl of freshly-prepared lysis solution consisting of 0.2 N NaOH, 1%
sodium dodecyl sulfate (SDS, Amresco’, Ohio, USA) was added and the mixture was
mixed by inversion. At this.step, the sample will become viscous. After incubation on ice
for 5 minutes,~150-yl of cold potassium acetate pH 4.8 was added. The mixture was
mixed by vortexing, incubated for 5 minutes on ice and centrifuged at 14,000 rpm for
5 minutes. The supefnatant approximately 400 pl in volume was transferred to a new
eppendorf tube. Two-pl of 10 mg/ml Ribonuclease A (RNase, Fermentas') and was
added and the mixture was incubated at 37°C for 30 minutes. The equal volume of
phenol: chloroform: iscamyl alcohol (25:24:1 ratio) mixture, which was approximately
400 pl was added. The sample was again mixed by vortexing and centrifuged at 14,000
rpm for 2 minutes. The agueous phase was transferred to a new eppendorf tube and

mixed 2.5 volume of cold absolute ethanol. The mixture was mixed by inversion,
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incubated at -80°C for 30 minutes and centrifuged at 14,000 rpm for 5 minutes. The
clear supernatant was removed. The DNA pellets were rinsed with 1 ml of cold 70%
ethanol and centrifuged for 1 minute. The supernatant was discarded. The DNA pellet
was air-dried at room temperature for 10 minutes. The DNA pellets were dissolved in
15 ul sterile water and stored at -20°C. The plasmid DNA obtained was separated on

agarose gel electrophoresis.

Instruments and chemical substances

1. PCR assay

1.1 Master Mix fFe_rmen_tas'. Mainz, Germany)

1.2 DNA marker (Férmentas’, Mainz, Germany)

1.3 Loading dye (Fermentas’, Mainz, Germany)

1.4 Agarose gel (Molecular grade)

1.5 Gel electrophoresis buffer (TAE)

1.6 Ethidium Bromide 10 mg/mi (Sigma Aldrich Inc”, USA)
Thermocycler (Thermo eleciron quoratitjn',,.(:ambridge. UK)
Gel electrophoresis system (OWL Scientific _ln.n:_.". UsA)

Gel document system (Vilber Lourmat®, Marne La Valle, France)

PCR tubes and Microcentrifuge tube 1.5 ml

2

3

4

5

6. Centrifuge and Microcentrifuge

7. Micropipette and Micropipette tips
8. A -20°C refrigeratar

9. A -80°C refrigerator

10. Experimental glasswares



CHAPTER IV

RESULTS

1. Susceptibilities to antimicrobials

The MICs range, MIC,, and MIC,, of the Vibrio isolates is shown in Table 4. The
MIC,, and MIC,, were defined as the minimum goncentration of antimicrobials required

to inhibit 50% and 90% of the isolates tested.

Table 4: MICs range of Vibrio isolates to antimicrobials susceptibilities

Antimicrobials MICto/mi)

MIC MIC,, MIC range
ampicillin 32 128 1->128
chloramphenicol 1 2 0.5-4
ciprofloxacin 0.5 4 0.016-16
enrofloxacin 05 2 0.031-16
enythromycin 4 16 2-32
kanamycin 4 16 0.25-32
streptomycin 8 16 2-32
sulfamethoxazole 19 7B 2.38-152
tetracycling 2 32 0.25-64

trimethoprim 1 B 0.125-32
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Figure 5: Distribution of antimicrobial resistance in Vibrio isolates. Abbreviations: AMP, ampicillin;
ERY, erythromycin; TMP,_trimethoprim; SUL, sulfamethoxazole: CIP, ciprofioxacin; TET, tetracycline;

ENR, enrofloxacin; MBR, multiple drug resistant; SUS, susceptible to all antibiotics tested

Distribution of antimicrobial resistance of the Vibrio isolates is shown in Figure 5.
In this study, 9 isclates (11%) were susceptible to all antimicrobials tested and 74
isolates (B9%) were resistant to at least one antimicrobial. Most of the isolates were
resistant to ampicillin (62%) and erythromycin (44%). None of the isolates was resistant
to chloramphenicol, kanamyecinand streplomycin. Seventeen isolates (21%) were
resistant to at least 3 different antimicrobial classes and considered multidrug resistance

(MDR).

Antimicrobial resistance ‘patterns-are-also analyzed and shown in Table 6. All
Vibria-, strains ~could be .grouped -inta., 27 -resistance patterns. The most commen
resistance pattern was AMP (20.48%) and the most eommon MDR phenotypes were the

AMP-SMX-TMP (4.82%).



Table 5: Antimicrobial resistance patterns of Vibrio isolates (n=83)

Antimicrobial resistance pattern Mo. of isolates (%)
AMP 17(20.48)
ERY 9(10.84)
SMxX 2(2.41)
TET 3(3.61)
AMP-CIP 4(4.82)
AMP-ERY T iB.43)
AMP-TET 3(3.61)
CIP-ERY 21(241)
ERY-TET 1(1.20
SMX-ERY 1(1.20)
SMX-TMP 2(2.41)
AMP-CIP-ENR 1(1.20)
AMP-ERY-SMX 10(1.20)
AMP-ERY-TET 2(2.47)
AMP-SMX-TET 1 (1.20)
AMP-SMX-TMP 4(4.82)
CIP-ERY-ENR 1(1.20)
CIP-ENR-TMP 1(1.20)
AMP-CIP-ERY-ENR 1(1.20)
AMP-CIP-EMR-TET 1(1.20)
AMP-ERY-SMX-TMP 2(2.41)
AMP-TET-TMP-SMX 1.{1.20)
AMP-CIP-ERY-SMX-TMP 1(1.20)
AMP-ERY-SMX-TET-TMP 1(1.20%
CIP-ERY-SMX-TET-TMFP 1(1.20)
AMP-CIP-ERY-ENR-SMX-TMP 2(2.41)
AMP-CIP-ERY-ENR-SMX-TMP-TET 2(2.41)
Susceptible to all antibiotics 9(10.84)

Total 83
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2. Determination of genetics of antibiotic resistance in Vibrio spp.

2.1 Molecular characterization of class 1, 2 and 3 integrons

Five isolates (6%) yielded a 497 bp amplicon when they were amplified with the
primers specific for the int!/T gene. Nucleotide analysis confirmed that the sequence of
the amplicon was identical to the published sequence of class 1 integrase gene
The PCR amplicons of inff1 are shown in Figure B. None of strains tested were positive

to inti2 and inf/3 genes,

1,000 bp

700 bp

500 bp
497 bp

400 bp

Figure 6. PCR amplification of intl? in the VWbro isolates; Lane M, 100-bp marker; Lane 1-5, the inil1-

containing Vibrio strains; Lane 6, Pseudomenas aeruginosa P90 was used positive control

The Vibrio isolates carrying int/1 gene were examined for the presence of the
typical 3'-canseved regians. Since none of the intl-positive strains carried the gacEA1-

sult fused structure, all of them lacked the typical 3'CS.

The Vibrio isolates carrying int/1 gene were examined for the presence of gene
casselles inserted in variable regions. One of the inl/7-positive strains contained gene
cassettes in variable region with 428 bp in size. Nucleotide sequencing analysis

revealed that the PCR amplicon of the variable regions were the incomplete rumA gene.
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2.2 The presence of the tef genes

All Vibrio isolates were determined for the presence of the fel(K), tet(L), tetiM)
tet(0) and tet(S). None of them were positive the tef genes tested. The PCR amplicons
of the positive controls of tet genes were 401, 1,723 and 573 bp in size when primers
sets for tetfM), tet{O) and tet(S) were used respeclively. These confirmed that the

appropriate primers and PCR reaclions were used in this study,

2.3 Mutation(s) in QRDRs of gyrA and parC

Seventeen Vibrio -iSclates resistant to ciprofloxacin and enrofloxacin were
examined for mutations.within the QRDRs of gyrA and parC. Ten Vibrio spp. isolates
(59%) resistant to ciprefloxacin harbored & mutation in the gyrA gene, which was
replacement of G at position of 248 with T leading to a Ser-to-lle change at amino acid
residue position 83 in Gyrﬁ. Mine Vibrio isolates (53%) earried silent mutations that were
replacement of C at position of 363 with T in gyrA. The positions of mutations in the gene
are shown in Figure 7. No mulations were found in the QRDRs of parC in any strains.
There were no mutations in the @RDRs of the guinolone susceplible Vibrio spp. control

strains as well.

248
228 TATCACCCACACGGTGATAGTGCTGTGTACGACACAATC 268
76 YHOQPIH| G AD) Sl A | N DT 1 90
228 TATCACCCACACGGTGATATTGCTGTGTACGACACAATC 268
76 YHPHG D 'L AWV Y D T 1 90
5

Figure 7: A point mutation observed in the gyrA gene sequences of the quinolone-resistant Vibrio

isolate. The mutation found was a G248T replacement resulting in a Ser-83-lle substitution in GyrA.



30

3. Determination of the presence of the plasmid DNA

All Vibrio isolates were determined for the presence of plasmid DNA, Seventeen
isolates (20.5%) were found to carry plasmid DNA. Plasmid profile could be defined into

4 groups according to number and size of plasmids (Figure 8).

M1 M2 1 2 3 M1
kb Group | Group Il Group 11| @ Group IV

Figure B: Plasmid profile of the Vibirno isclates. Lane M1, 1 Kbp marker Lane M2, Lamda mix marker;

(A) Lanel, Group |; Lane 2, Group |l and Lane 3, Group lll and (B) Group IV

Twelve isolates (7.5%) that harbored one plasmid of approximately 35,000 bp
in size were classified in Group |. Group |l consisted of ane isolate that carried 4.,000-bp
and 35,000 bp plasmid. In group 3,-there were 2-Vibrio isolates Containing up to
3 plasmids with the size of 3,500 bp, 8,000 bp and 35,000 bp: In the last group, there
were 2 Vibrio isolates that carried 2 plasmids with the size of 3,000 bp and 6,000 bp.
The characteristics of plasmid profile in each group are summarized and shown in

Table 6,
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Table 6: Plasmid profile of the Vibrio isolates in this study

Group  Mumber of plasmids  Plasmid profile (size: bp) Number of strains (%)
I 1 35,000 12 (70.5)
1l 2 35,000, 4,000 1(5.9)
I 3 35,000, 8,000, 3,500 2(11.8)
v 2 6,000, 3,000 2(11.8)

The MIC value for antibiotics of all the Vibrio isolates carrying plasmid is shown
in Table 7. Most of the isolates containing plasmid(s) (76.5%) were resistant to at least
one antibiotic and 23.5% were multidrug resistant. 23.5 percent of the Vibrio strains

were susceptible to all antimicrobials tested.

Table 7: MIC value of the Vibrio Strains containing plasmid(s)

>
3

Strain ) MIC (pgfm) *

AMP. “CIP  ENR ERY  SMX TET  TMP
V. cholera 33 4 0.02 E:Ea* 2 95 2 0.13
V. cholera 45 2 8 i__- . 2 16 8 16
V. cholera 76 12872 e 025 2 0.25
V. cholera 128 2 0.5 = 0.5 28 8 1
V. cholera 140 2 0.13 0.25 1 a8 8 1
V. cholera 1B0 1 0.03 0.06 2 95 1 0.13
V. parahaemolylicus 59 32, 0. 1 3 0.25 0.5 i3] P 1
V. parahaemolyticus 64 B4 025 05 4 238 0.5 0.5
V. parahaemolyticus 235 16 0.25 05 2 152 1 =16
V. parahaemoalitious 270 A1 025 025 8 19 0.5 8
V. parahaemolyticus 282 g4 8 4 16 76 0.5 16
V. vulnificus 5 64 0.25 0.5 16 152 0.5 8
V. vuinificus 25 32 8 16 4 38 1 2
V. vulnificus 34 16 0.5 05 8 38 1 2
V. vulnificus 61 3z 1 1 4 19 1 0.5
V. fluvialis 7 64 0.5 1 8 475 0.5 0.5
V. fluvialis 49 32 1 2 1 9.5 1 013

: Number underlined indicates resistance to antibiotics



CHAPTER V

DISCUSSION

As farmed-marine shrimp is one of the most beneficial exporting geeds,
Vibrio spp. a commonly-found pathogen in shrimps has been a major cause of zeenetic
disease (so called vibriosis). Antibiotics have been used for treatment and prevention of
bacterial infections in cultured shrimps for a long period of time. It has been knewn that
improper antibiotic use in animal production including shrimp farmings could result in
development of drug-resistant bacteria, transfer of drug resistance features and
reduced efficacy of antibiotic treatment (OIE/FAQ/MWHO, 2004; 2006). To date, incidence
of antibiotic-resistant Vibrio spp. has been increasing worldwide. Therefore, concerns of
development and dissemination of multidrug-resistant Vibrio strains have been raised
and particularly, those from farmed-marine shrimps (Falbo et al., 1999; Amita et al,,

2003; Song et al., 2006a).

One of the main findings of this study is the widespread of multidrug resistance
among Vibrio species from farmed-marine shrimps. In Thailand, the commonly used
antibiotics in aguaculture include tetracycline, guinolones and sulfonamide (Holmstrom
et al,, 2003; Sapkota et al., 2008). This could be the explanation for high resistance rates

to these antibidtics in the Vibrio isolates in the present study.

Most of the isolates tested in this study were resistant to ampicillin (62%) and
erythromycin (44%), which is i agreement with the results of previous studies in Mexico
(Roque et al., 2001) showing that 68% of the isolates were resistant to ampicillin and in
India (Vaseeharan et al., 2005) reporting that 100% and 47% of the isolates were

resistant to ampicillin and erythromycin, respectively.

Nineteen percent of the Vibrio isolates were resistant to tetracycline, which is
less than the results of previous reports in Philippines (53.7%), Thailand (49%), Mexice
(43%) and India (43%) (Pearson et al., 1995; Tendencia et al., 2001; Roque et al., 2001,
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Vaseeharan et al,, 2005). In contrast, the isolates in this study showed higher resistance
rates to enrofloxacin (10%) than those in previous reports (Barton et al., 2008; Roque et
al., 2001). These previous studies showed that all the Vibrio isolates from shrimps and
water in Australia (Barton et al., 2005) and Mexico (Roque et al., 2001) were susceptible
to fluoroguinoclones. Differences of resistance phenotypes observed are likely due to

differences of antimicrobial use in different geographical areas.

Antimicrobial resistance genes in bacteria could be acquired and transmitted
through several mechanisms, including the acguisition of genes through mobile genetic
elements and dissemination through horizontal transfer (Mazel, 1998; Fluit et al., 2004).
As observed in many Gram-negative bacteria, antimicrobial resistance genes in
Vibrio spp. are often asseciated with mobile genetic elements especially integrons
(Dalsgaard et al., 2000; Falbo et al., 1929). In this study, & % of the isolates were found
to contain class 1 integrons, which is comparable to the results of a previous study in
Thailand. The latter showed that 3% of the Vibrio isolates from environmental water and
shrimp products contained class 1 integron (Dalsgaard et al., 2000). To date, there are
very limited data on class 1 integrons in the Vibrio isolates from shrimps. Therefore, the
findings in this study are compared wilh those ifrqm different hosts previously observed.
The incidence of class 1 integrons is much less than that of a former study in Italy
reporting that 26.3 % of the environmental isolates from waste water carried the
integrons (Columbo et al., 2007). It is also much less than those previously reported in
clinical isolates from humansdn Thailand (30%) (Dalgaard et al., 2000), in Africa (36.2%)
(Mwansa et al., 2007) and ini Laads (48%) (Toma et al., 2004). A study of human isolates
in India (Yamasaki et al., 2006) showed.that 10.5% of were found to contain class 1
integrons, which is Similar ‘to the results of this study.| Taken together; these data

demonstrate that class 1 integrons are widespread in Vibrio isolates worldwide.

In previous studies, class 1 integrons containing antibiotic resistance gene
cassettes have been indentified in V. cholera, V. parahemolyticus and V. fluvialis
(Dalsgaard et al., 2000; Columbo et al., 2006a; Srinivasan et al., 2006). Most of them

were found to contain resistance gene cassettes including aadA1, aadAZ2 and aadB



encoding resistance to streptomycin and spectinomycin, blaP1 encoding resistance to
B-lactams, dfrA1 and dffA15 encoding resistance to trimetroprim (Dalsgaard et al.,
2000: Toma et al., 2004; Columbo et al,, 2007). In this study, only one inlf7-positive strain
carried gene cassettes in variable region, which was the incomplete rumA gene.
The rumA gene is located on the rumAB operon and encodes 23sRNA uracil-5-
methyltransferase enzyme that is involved in UV mutagenic DNA repair (Woodgate et
al., 1996). In Vibrio spp., the rumAB operan usually resides in SXT elements. It is unclear
how this partial gene has been inserted into the variable regions. This insertion may
happen through an aberrant recambination evenl during integron transfer (Waldor et al,,
2001: 2002; Toma et al, 2004), However, this partial ;umA gene does not provide any

benefits to the Vibrio hest strain.

Class 1 integrans without inserted gene casseltes were also identified. These
empty integrons may be a result of the incomplete PCR amplification because the size
of gene cassettes may be too large to be amplified. Another explanation could be that
these integrons have lost the resistance gene cassettes in the environment where
seleclive pressure is absent orthat they have exchanged the resistance gene cassettes

with integrons in other bacteria. These empty variable regions are, therefore, available

Since all the ¢lass 1 integrons lacked the gacEAT-sull fused structure, none of
the intl1-positive strains in the présent study carried the typical 3'-conserved regions.
Therefore, they, were nol the sufl-associated class A integrons. Class 1 integrons that
carried atypical 3'-conserved regions were previously described in"E. coli (Antunes
et al.,, 2007) and Salmonella (Antunes et-al., 2005) and those with the gacH-sul3 fused
structure has been reported in E. coli (Antunes et al., 2007) and Salmonella
{Chuanchuen et al., 2008b). However, the Vibrio isolates in this study were negative to
sul3. Therefore, further study is required to elucidate the structure of these unusual

J'conserved regions.
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In the present study, none of the strains tested were positive to class 2 and 3
integrons. Class 2 integrons was previously identified in only two isolates of V. cholera.
One was a clinical isolate from human cases in India and the other one was an
environmental isolate from waste water in Bangladesh (Ahmed et al.,, 2006). Class 3
integrons have never been found in Vibrio spp.. To date, they have been only identified
in Serratia marcescens, Klebsiella pneumonia and Delftia spp. (Duarte et al.,, 2003,

Xu et al., 2007).

All Vibrio isolates in this study were delermined for the presence of the tel(K)
and tet(L) genes encoding for efflux pumps and the feifM), fet{(O) and tet(S) genes
encoding for ribosomal pretectien proteins. Mone of them were positive the tef genes
tested. To date, 39 different letracycline-resistance encoding genes have been
characterized in bacteria (Robert et al., 29‘4}1‘: Suzuki et al., 2002; Jeong et al., 2007).
Among these, tet{A-E) and fet(G) were widespread in Gram-negative bacteria isolated
from marine animals (Dang et al., 2006; Sﬁhg et al., 2006). The tet(H-M), tet(O) and
tel(S) genes have been present in less frequency (Robert et al., 2001; Suzuki et al.,
2002; Barton et al.,2007).

Occurrence of felfM) gene in Vibrio spp. have been usually associated with
high-level tetracycline“MICs that is equal to or greater than250 pg/mi (Suzuki et al.,
2004). However, tetracycline MICs of the Vibrio 1solates in the present study range 16-64

pa/ml and tet(M) was absent in.all of them.

The tet genes that were previeusly identified-in Vibrio spp.‘intiude tet(A-E),
tet(G) and lel(35) that encode efflux protein (Olsvik et al, 1995; Sang et al., 2006a;
2006b; Barton et al.,2007; Jeong et al., 2007) and lel{34) that encodes xanthine-guanine
phosphoribosyltransferase enzyme (Suzuki et al.,, 2002; Jeong et al., 2007). However,
these genes were not tested in the current study. Future studies to examine the

invalvement of other tet genes in tetracycline resistance are suggested.



Fluoroquinolones resistance in Vibrio spp. has been shown to be mediated by
mutations within the QRDRs of gyrA gene. The major mutation associated with
high-level resistance to fluoroquinolones is a single point mutation G248T in gyrA gene,
which results in serine 83 being substituted with isoleucine (Ser-83-lle) in GyrA.
Such mutation has been commonly identified in V. cholera (Kundu et al., 2002),
V. parahaemolyticus (Okuda et al., 1999), V. fluvialis (Srinivisan et al., 2006) and
V. anguillarum (Colguhoun et al., 2007; Aoki et al,, 2008). This is in agreement with our
findings that a point mutation G248T in gwr4 gene was most common (59%) in

fluoroquinolone-resistant isolates.

Serine is an amino acid that has a short group ending with a hydroxyl group and
it is very hydrophilic. Isoleuéine is @ hydrophobic amino acid that has large aliphatic
hydrophobic side chains (Nelson et al., 2000). The peint mutation G248T is located
within the DMNA-binding domain en the surface of gyrase and topoisomerase protein.
Changing from hydrophilic serine to hydrophobic isoleucine may affect the interaction
between enzymes and floroguinolenes resulting in the reduced susceptibility of bacteria
to the drugs (Ruiz, 2003; Vila, 2005). in addition, 9 Vibrio isolates (53%) harbored silent
mutations, which was the replacement of C at position of 363 with T in gyrA. These silent
mutations do not change amino acid, arginine, and thus have no affects in

fluoroquinolones susceptibility.

As single Ser-83-lle has‘been~the most commaonly found mutation mediated
fluoroquinolones in Vibrio spp., a double mutation Ser-83-lle and Asp-100-Tyr was also
previously determined at very less frequericy. MIC values of the strains with single or
double mutations were, not. different and \no. corrélation -of the second, mutation with

increased resistance level was apparent (Kundu et al., 2002).

In this study, no mutations were identified in ParC. This enzyme has been shown
to be a secondary target for fluoroquinolones action (Ruiz, 2003; Vila, 2005). The Vibrio
strains resistant to fluoroquinolones were previously shown to contain a single base pair

change in the parC sequence resulting in a serine to leucine change at residue
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position 85 (Ser-85-Leu). This mutation was also found in V. cholera (Kundu et al., 2002),
V. parahaemolyticus (Okuda et al., 1999), and V. anguillarum (Colguhoun et al., 2007;
Aoki et al., 2008). Previous studies showed that Vibrio spp. carrying mutations in both
gyrtA and parC usually had high fluroquinolones MICs. For example,
V. parahaemolyticus with Ser-83-lle in GyrA and Ser-85-Leu in ParC had
fluoroquinolones MIC above 50 pg/ml (Okuda et al., 1999; Colguhoun et al., 2007).
However, in this study, the ciprofloxacin and enrofloxacin MICs in the Vibrio isolates

ranged 4-16 pg/mil.

Up to 41% of fluerequinolones resistant strains did not have mutations in gyrA
and parC, indicating that other unidentified resistance mechanisms do exist.
Fluoroquinolones resistance in Gram-negative bactena including Vibrio spp. has been
attributed to plasmid-berne genetic elements e.g. gnr-like elements (Nordmann et al.,
2005; Fonseca et al., 2008), trapsmembrane efflux pump e.g. ABC multidrug
transporters (Tsuchiya et al., 2003} and other mutations in topoisomerase genes e.g.
gyrB and parE (Ruiz, 2003; Vila, 2005). These possibilities need to be examined in future

studies,

Flasmid is ong of the most.imporiant contribulors lo resistance gene transfer and
has been contributed-to the widespread dissemination of antibiolic resistance genes in
the environment with selective pressure (Osborn et al.,, 2002). A previous study has
reported occurrence of plasmids among the Vibrio isolates from shrimps was 80% and
also showed that a21.2 kb _plasmid carried gene conferring resistance to cephalothin
(Bruno_et al, 2002), The involvement of plasmids in_antimicrobial resistance has been
previously demonstrated in the Vibrio isolates (Bruno et al.,.2002; Wang et al., 2006).
In this study, 20.5% of the isolates were found to carry plasmid(s) and a plasmid that is
3.5 kb in size was commonly found. Among the plasmid-containing strains, 13 isolates
were resistant to at least one antimicrobial. However, the associations of the resistance
phenotypes and the presence of plasmid were not examined. These could be a subject

of interest for a future study.



Conclusion and suggestions
From the findings of this study, the conclusions could be made as follows:

1. Multidrug resistance is widely distributed among the Vibrio isolated from farmed
marine shrimp.

2. Among the strains tested, class 1, 2 and 3 integrons did not play an important role in
dissemination of antibiotic resistance.

3. The tet(K), tet(L), tet{M), tel{(O) and tel(S} genes gdo not contribute tetracycline
resistance in this strain-colleclien.

4. A single base pair mitation G248T in the QRDR of gyrA is the major mechanism of

resistance to fluorgguinaleneameng the resistance isolates.
Data obtained in this study could be beneficially used as follows:

1. To be part of antimicrobial res’lstanca‘fhunitoring. At present, most antimicrobial
resistance surveillance in Thailand religs on results of antimicrobial susceptibility
test. Epidemiological data of antimicrobial resistance is still limited. Little is known

about molecular mechanism of pathogens from aguatic animals

2. To be applied in risk analysis of the distribution and development of antimicrobial
resistance. As risk analysis of @ntimicrobial resistance is mandatory for new drugs
that will be Used in aguaculture. The genetic data of antimicrobial resistance among
bacteria of aguaculture origins_in Thailand is limited. The data from other countries
cannot'be always applied to-situations in Thailand due to differences in antimicrobial
use in different countries. Therefore, epidemiological situations of antibiotic

resistance need routine monitoring in Thailand.

3. To prove link of antimicrobial resistance along the food chain. This could be

accomplished when combined with data from the isolates from related-food and
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humans. However, data collection from a huge number of strains from different

sources along the food chain is needed for the effective comparison.

From the results of this study, the suggestion for further studies could be as follows:

1

Since there were many resistant Vibrio isolates that did not harbor the resistance
determinants tested in the study, other mechanism(s) underlying such resistance
must exist: Studies of other resistance mechanisms may be performed e.g. another
classes of integrons, active efflux pumps, integrative and conjugative elements

(ICEs) etc.

Data on genetics of antimicrobial resistance of Vibrio spp. along the food chain will
help to create the preject to reduce antimicrobial resistance. However, such data
are still insufficient especially in developing countries. Therefore, studies of genetics
of antimicrobial resistances in Vibrio isolates from other sources e.g. humans,

agquatic animal/products and environment are recommended.

Study of genetic relatedness of Vibrio isolates from various sources should be
performed. This will prove the link-of antimicrobials resistance among Vibrio spp.

along the food chair;

Study of resistance gene transfer in antimicrobial-resistant Vibrio isolates harboring
plasmid(s) could be'achieved.-In addition, characterization of these plasmids should
be performed. This will prove the route of dissemination of antibiotic resistance

among Vibrio species and also-other bacteria.
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APPENDIX A
Bacterial Growth Media
1. Muller Hinton Agar (MHA) (Difco'™, MD, USA)

- Beef Extract Powder ’ ,
- Acid Digest of C /
- Starch

- Agar

2. Luria-Bertani

-Agar “‘AJ/’!‘

WSG9

3. Tryptic Soy Agar (TS

-P A -Ciaesk-ol-Easeif———— Tl
ancre Vi L x

- Enzymatic Diges! gm

- Dextrose 25.0

-S?;ﬁ;ﬁm,malﬂ%mﬁ )
AINTUNRTI R

9
4. Thiosulfate Citrate Bile Salts Agar (TCBS) (Eiken, Tokyo, Japan)

J

- Yeast extract 50 g
- Peplone 100 g
- Sodium Citrate 100 g
- Sodium thiosulfate 7.0 q
- Oxgall 50 g



- Sodium cholate 30 g
- Sachharose 200 g
- Sodium chloride 100 g
- Ferric Citrate 1.0 g
- Bromthymol Blue 004 g
- Thymol blue 9

- Agar
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APPENDIX B

Reagents

Reagents for PCR reaction

1. The Fermentas MasterMix (2X) (Fermentas , Mainz, Germany) contains

- Tag DNA Polymerase (recombinant) in reaction buffer
- MgCl,
- dNTPs (dATP, dCTP, dGTP, dTTP)

Reagents for agarose gel electrophoresis

1. 50X TAE (Tris-Acetate buffer) 1000 ml contains

- Tris base 242.0
- Glacial acetic acid ar

-0.5M EDTA pH 8.0 100.0
- Distilled deionized water 1.000

2. 10 mg/mi Ethidium bromide
- Ethidium bromide 1

- Distilled deionized water 1,000

3. 0.5M EDTA, pH 8.0.1000 ml contains
- Disodium ethylene diamine tetraacetate. 2H.,O 186.1
- Distilled deionized water 800.0
- Adjust pH to 8.0

- Adjust Volurme to 1,000 ml

0.05 units/pl
4 mM

0.4 mM of each

mi
mil

ml

mi

ml

53



4.1 M Tris HCI, pH 8.0 1000 mi contains

- Tris (ultrapure) 1211 g
- Distilled deionized water 800.0 mi
- Adjust pH to 8.0 by adding conc. HCI 420 ml
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APPENDIX C

Summary of characteristics of antimicrobial resistance in the Vibrio isolates

Straing Antibiotic resistance Inti1- Mutation in Plasmids
patterns positive gyrA gena Group Size (bp)
V. cholera 16 AMP - - - -
V. cholera 32 AMP-SMX-TMP < - b z
V. cholera 33 = + * 1 35,000
V. cholera 45 CIP-ENR-TMP - - 1 35,000
V. cholera 76 AMP - - 4 6,000, 3,000
V. cholera 77 AMP-CIP-ERY-EHR - + - -
V. cholera T8 ERY - - = .
V. cholera 108 AMP-ERY-SMX-TMP - . x .
V. cholera 125 AMP-SUL-TET - \ . .
V. cholera 127 AMP-ERY-SMX - - .
V. cholera 128 - - - 1 35,000
V. cholara 140 1 - - 1 35,000
V. cholera 143 SMA-TMP- - S - 2
V. cholera 167 AMP-GIP - - = 4
V. cholera 179 AMP e - z i
V. cholera 180 = - - 3 35,000, 8,000, 3,500
V. cholera 193 - - - - -
V. cholera 197 ERY-SMX - - - -
V. parahaemolylicus 14 AMP . 3 . .
V. parahaemolyficus 19 AMP-ERY-TET - - - -
V. parahastaolyticus 20) O - } ) 3 .
V. parahaemolylicbs 58 AMP-ERY-SMX-TMP . 4 - -
V. parahasmolyticus 59  AMP = : 1 §,000, 3,000
V. parahaesmolyticus 62 AMP-ERY 5 ¥ e .
V({ parghaemolylticus B4 AMP - 2 35,000, 4.000
V. parahaemolyticus B3 AMP-TET . - "
V. parahsemolyticus 94 AMP-ERY - - . =
V. parahaemolyticus 103 ERY - - - .
V. parahaemolyticus 104  AMP 2 : 5 _
V. parahaemolyticus 177 AMP - = = 3
V. parahaemolylicus 178 AMP-CIP E + 2 2
V. parahasmalyticus 184 AMP-TET - = - I
V. parahaemalyticus 191 ERY - - ‘
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Strains Antibiotic resistance inti1- Mutation in Plasmids
palterns positive  gyrA gene Group Size (bp)

V. parahaemolyticus 234  ERY . - -

V. parahaemolyticus 235  SMX - - 1 35,000

V. parahaemolyticus 237  ERY . - e -

V. parahaemolylicus 245  AMP -SMX- TET-TMP - - - -

V. parshaemolyticus 250  SMX - - = -

V. parahaemolyticus 251  CIP-ERY - + - i

V. parahaemolyticus 265  AMP . : g -

V. parahaemolyticus 270  ERY - - 3 35,000, 8,000, 3,500

V. parahaemolyticus 278  AMP-CIP : - - -

V. parahaemolyticus 281 __ AMP-CIP_ 2 + - .

V. parahaemolyticus 282 _ AMP-CIP-ERY-ENR- - + 1 35,000
SMX-TMP 4

V. vulnificus 5 AMP-ERY-SMXTMP . - . 1 35,000

V. vulnificus 17 AMP-CIP-ERY-ENR- - + - -
SMX-TMP

V. vulnificus 25 AMP-CIP-ENR 4 - + 1 35,000

V. vulnificus 31 24 \ . .

V. vulnificus 34 ERY A h 1 35,000

V., vulnificus 43 ERY-TET w2 . . .

V. vulnificus 44 AMP-CIP-ENR-TET ;7_? ~ i )

V. vulnificus 46 AMP > - -

V. vuinificus 61 AMP - - 1 35,000

V. vulnificus 67 AMP-CIP-ERY-SMX- - * - -
T™P

V. vulnificus 108 AMP-ERY - - - -

V. vulnificus 183 TET - \ - R

V. vulnificus 217 TET " | . .

V. vulnificus 223 SMX-TMP - » .

V. vuinificus 287 AMP-ERY . = 4

V. vulnificus 268 (AMP . £ > J

V. Auvialis 1 AMP-CIP-ENR-ERY- . - : -
SMX-TET-TMP

V. fuvialis 3 AMP-CIP-ENR-ERY- = 2 E
SMX-TET-TMP

V. fluvialis 6 AMP- ERY-SMX-TET- - - % .
T™MP

V. fluwialis 7 AMP-ERY - = 1 35,000

V. fuwialis 11 AMP - B - -
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Strains Antibiotic resistance inti1- Mutation in Plasmids

patterns positive  gyrA gene Group Size (bp)

V. fluvialis 13 ERY - - - -
V. fMluvialis 21 AMP-SMX-TMP = = = =
V. fMuvialis 28 - - - - =
V. fluvialis 49
V. fluvialis 57
V. fluwialis 63
V. fluvialis 69
V. fluvialis 72
V. fluvialis 73
V. fluvialis 75
V. Auvialis 81
V. fluvialis 132

V. fluvialis 153
V. fluvialis 159
V. fluvialis 164
V. fuvialis 186
V. fluvialis 192
V. fuvialis 266

T
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APPENDIX D

Distribution of the MIC values of Vibrio spp.

Ampicillin

by R . w18 % e

DCZ DpCs CoCE DR DG DAY D2 D3E L

MIC (ug/mi)

Chloramphenicol

3 o 1 F 4 B

MIC (ug/mil)

G002 QO ODDE OO ODM1 oGN3 B3 B2 L ] 2 [ i3 2 §12
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o0E2 Qpos oooR oONE

Ciprofloxacin

I.!IIJI

LTI L1E 0ak

Enrofloxacin

L3 DdEd Qe 038

o 1 H

MIC (ug/ml)

MIC (ug/ml)

2

s 8 0w om

[

[ 2]
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Erythromycin

oSS G004 OO0 COME SOS1 QD83 DS R DB i 2 4 [ ] 6 k- = 1 F=1 g2
MIC (ug/ml)
Kanamycin

DOCT ObCs SOC8 D0WE OCM ODE3 0V O3

1 2 i g L}

oS - g2 - - T 2

MIC (ug/ml)
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10

1

GOOF GO CODE OOW OO031 0DE DS oM EE 1 2 4
MIC (ug/ml)
Sulfamethoxazole

bl

Streptomycin

L2 F& | 4T L1 L] L

MIC (ug/ml)

W
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w0

Tetracyclin

Q002 OO0 DOCE COW 003 00K QWM OH 0 1

MIC {ug/ml)

Trimetroprim

GG QO COOB 0O CO03Y ODEY 02 ON (-1 1 1

MIC (ug/mi)

& | L u 1]
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