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ABSTRACT

Antibiotic resistant bacteria that contaminate food pose a major health risk and
possibly a large economic loss worldwide. In Thailand, even though prevalence data are
available, little is known about molecular characteristics of these bacteria. In this study, 200
sealed packages of fresh chicken meat were purchased from supermarkets in Bangkok,
Thailand, and the prevalence of Salmonella spp. and Escherichia coli were determined
according to standard methods. The prevalence of Salmonella spp. and E. coli were 18.67%
(14/75) and 53% (106/200), respectively. Most probable number (MPN) analysis showed that
56.66% (34/60) of the samples violated the limit of allowable coliform bacteria in raw chicken
meat, which had the highest value of 46,000. Multidrug resistant phenotypes were found in
both Salmonella spp. and E. coli, and demonstrated high resistance to ampicillin, gentamicin,
and tetracycline. The presence of class 1 integron was investigated by polymerase chain
reaction (PCR), and dot blot hybridization with probe specific to intl1, and confirmed by DNA
sequencing. The PCR showed that class 1 integron was found in 42.86% (6/14), and 37.74%
(40/106) of Salmonella spp. and E. coli, respectively. Resistance genes identified in this study
were aadA2, aadA4,aadA22, and aadA23 (for aminoglycoside resistance); dfrA5 (for
trimethoprim resistance); and InuF (for lincosamide resistance). Genetic relatedness among
these bacteria was determined by plasmid profile study, randomly amplified polymorphic
DNA PCR (RAPD-PCR), and multilocus sequence typing (MLST). The spread of resistant
bacteria among supermarkets was evidenced from typing data incorporated with demographic
data. Four Salmonella isolates were subjected to MLST analysis. MLST results were ST 50,
ST 96, ST 1543, and ST 1549, which matched well with strains from many countries, e.g.,
Vietnam, Denmark, Chile, and USA, reflecting an international spread. In conclusion, this
study revealed that both class 1 integrons and their bacterial carriers now have been spread
into community sources, and clonal spread played an important role contributing to antibiotic
resistance gene spread. Antibiotic usage in animals should be tightly monitored in order to
limit an emergence and a spread of resistant bacteria.
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CHAPTER |
INTRODUCTION

Foodborne diseases are defined as diseases, usually either infectious or
toxic in nature, caused by agents that enter the body through food ingestion (1). It was
estimated by World Health Organization (WHO) that about 2.2 million of people are
suffered from foodborne diseases annually (2). Symptoms of foodborne diseases range
from mild to serious forms including nausea, vomiting, diarrhea, abdominal cramps,
fever, and septicemia. Severity of the disease depends on an infectious dose, which
differs in each agent and patient’s immunity. Among all agents, bacteria are the most
common causative agents of foodborne diseases. The examples of bacteria involved in
such diseases are Salmonella spp., Escherichia coli, Campylobacter spp., Listeria
monocytogenes, and Vibrio cholerae. Moreover, antibiotic resistant bacteria are now
becoming a major public health concern from their effects on treatment outcomes,
medical cost, and also economy. Thailand is a major exporter that exports many
products including chicken meat. Therefore, antibiotic resistant bacteria contaminated
in foods will be absolutely banned and causes a great impact on Thai economy.

There are multifactors involving in an emergence of antibiotic resistant
strains, in particular, the misuse of antibiotics in human and animals (3). The
correlation between the misuse of antibiotics in animals and an emergence of
antibiotic resistant bacteria were well documented (4-6). Food producing animals
including pigs, poultry, cattle account for reservoirs of antibiotic resistant bacteria
especially Salmonella spp. and E. coli, and play an important role in spreading of the
antibiotic resistant bacteria via undercooked foods. The contamination of antibiotic
resistant Salmonella spp. and E. coli in food producing animals had been reported
worldwide (7-12). Salmonella spp. and E. coli, which normally colonized in
gastrointestinal tract of poultry, e.g., chicken, are found at the high rate of
contamination in many food products. Interestingly, these bacteria exhibited resistance

to many classes of antibiotics, which is likely the result of an overuse of antibiotics in
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animals. The contamination of these pathogens can occur in all steps throughout food
production process, e.g., poor processing, sterilization, handling and preparation,
production, distribution, and retail marketing. The contaminated foods not only cause
worse effects on consumers, but also act as vehicles for the spread of resistant bacteria.
There are now multi-drug resistant (MDR) bacteria, which show resistance to a
various classes of antibiotics.

The MDR bacteria have abilities to counteract with antibiotics by
acquiring resistance genes, spontaneous mutations, and disseminating resistance genes
via mobile genetic elements, i.e., plasmid, transposon, and insertion sequences (13).
Subsequently, these bacteria developed a unique element called integron element, to
increase the efficiency of capturing and spreading their resistance determinants to
other bacteria (14). Integrons are defined as an assembly platform that incorporate
open reading frames (ORFs) of resistance genes in form of gene cassettes, which
integrated by site-specific recombination mediated by an integrase (15, 16). The
principle components of integrons comprise three major key elements necessary for
capturing resistance genes: integrase encoded by intl that belongs to tyrosine
recombinase family, a primary recombination site called attl, and a strong promoter
called Pc (16). Five classes of integrons are classified based on sequences of
integrases, which share 40-58% identity (16, 17). Class 1 integron was found
extensively in clinically important bacteria. Although integrons are not classified as a
mobile genetic element, they have been shown to be associated with other mobile
genetic elements, e.g., plasmids, and lead to a rapid spread among pathogenic and
commensal bacteria (18). The contamination of class 1 integron bearing Salmonella
spp. and E. coli in food producing animals was demonstrated worldwide (8, 19, 20).
Additionally, clonal spread also plays an important role and is responsible for the
spread of antibiotic resistant bacteria. The well-known example is Salmonella
Typhimurium, definitive phage type 104 (DT 104), which emerged in cattle in the
1990s and spread globally (21).

In Thailand, there were many studies on the prevalence of antibiotic
resistant bacteria in food producing animals (10, 12), but little is known about the
genetic mechanism conferring antibiotic resistance and its molecular characteristics.

Therefore, this study was conducted to determine the prevalence of antibiotic resistant



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Microbiology) / 3

Salmonella spp. and E. coli in raw chicken meat collected from various supermarkets
in Bangkok and to provide information on molecular characteristics of antibiotic
resistant Salmonella spp. and E. coli. Salmonella spp. is a true pathogen and its
presence in chicken meat is unacceptable, in contrast to E. coli, which can be both
normal flora and pathogen. This study did not focus on pathogenic E. coli, but focus
on non-pathogenic E. coli, which represents normal flora and can act as a vehicle for
the spread of resistance genes. Class 1 integron was characterized by PCR with
specific primers to intl1 and dot blot hybridization. An internal segment of 5'CS and
3'CS was characterized by PCR and DNA sequencing. Antibiotic susceptibility testing
was determined by disk diffusion according to Clinical and Laboratory Standards
Institute 2010 (CLSI 2010). A presence of coliform bacteria in chicken meat was
determined by most probable number (MPN). A transferability of resistance
determinants was determined by conjugation experiment. In addition, plasmid profile
study, serogrouping, serotyping, randomly amplified polymorphic DNA PCR (RAPD-
PCR), and multilocus sequence typing (MLST) were used to determine genetic

relatedness among Salmonella spp.
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CHAPTER I
OBJECTIVES

The objectives of this study are as followed

1. To determine the prevalence of Salmonella spp. and E. coli in raw
chicken meat from supermarkets in Bangkok.

2. To investigate the presence of class 1 integron and their antibiotic
resistance genes.

3. To investigate the horizontal gene transfer of antibiotic resistance
cassettes.

4. To perform molecular typing of antibiotic resistant Salmonella spp. and

E. coli.
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CHAPTER I11
LITERATURE REVIEW

Food safety and foodborne diseases

Food safety is becoming a major public health concern due to a great
impact on social health and economy. It has been estimated that foodborne diseases
affect approximately 76 million illnesses, 325,000 hospitalizations, and 5,000 deaths
in the United States each year (22). It caused about 1.8 million people death globally
from a report of the world health organization (WHO) in 2005. In Thailand, it was
estimated from the Bureau of Epidemiology, Thailand that about million cases of
acute diarrhea were reported each year. Moreover, foodborne diseases also affect
economy including medical costs and foods exportation. It was estimated in 2007 that
foodborne diseases cost US 357 billion to US 1.4 trillion annually (23). The causative
agents of foodborne diseases, diseases caused by ingestion of contaminated foods, can
be bacteria, virus, and toxin with involving 200 known diseases (24).

Bacteria are common cause of foodborne diseases among all agents. The
most common pathogens are Salmonella spp., E. coli, Campylobacter, Staphylococcus
aureus, Bacillus cereus. In the United States, the highest incidence of diseases
transmitted through foods in 2008-2009 was caused by Salmonella and Campylobacter
spp. (25, 26). These bacteria are commonly found in nature and animals, but they can
cross-contaminate in foods by closed contact with animals or poor personal hygiene.
Many products, especially food products, have been demonstrated of contamination
with foodborne bacteria. Chicken is an important product, which Thailand is a major
exporter to other countries. Japan and EU are major importers for Thailand. Chicken
production system in Thailand is divided into three sectors (Fig. 3.1) (27). The sector
3, company farms and their contracting farms, produce chicken for both export and

slaughterhouse, whereas other two sectors use slaughterhouses for processing.
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Contamination of chicken with these bacteria can occur in any steps throughout a
production system either distribution, packaging, or sterilization. Salmonella and E.
coli, which colonize in gastrointestinal tract of poultry, e.g., chicken, are an important

pathogen contaminated in food products.

Sector 1 Sector 2 Sector 3
Other farms Independent Company
farms farms
A 4 A
» Middleman Company
Y Y
Small abattoir Export abattoir
A 4
Meat <
processing
A 4
Retailers and
discount store
\ 4

Figure 3.1 Chicken production systems in Thailand (27)

Export
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Salmonella

1. History

Salmonella was first isolated in 1880 by Karl J. Erberth who observed
bacillus in tissue section from a patient died from typhoid. The causative agent,
Salmonella Typhi was then successfully isolated in 1884. The first isolation of
Salmonella in animals was in 1885 by two researchers, Daniel E. Salmon and
Theobald Smith. Theobald Smith, who worked at Bureau of Animal Industry,
discovered Salmonella Choleraesuis from pigs and he thought that this agent was a
causative of “hog cholera” (fever of swine) at that period. The causative agent of hog
cholera was then identified that it was caused from viral infection and Salmonella was
a second invader (28). The name of Salmonella was credited to Daniel E. Salmon,
Theobald Smith’s chief, although it was first discovered by Theobald Smith (28).

2. Evolution

Salmonella and Escherichia coli were considered to be diverged from the
common ancestor. Salmonella was demonstrated that it was evolved from E. coli in
three phases (Fig. 3.2) (29). The first phase was the acquisition of Salmonella
pathogenicity island 1 (SPI 1) by plasmid-or-phage mediated horizontal gene transfer,
which is present in all Salmonella lineages, but absent in E. coli. SPI 1 encodes
virulence factors that mediate mechanisms used by Salmonella during an intestinal
phase of infection. The results of multilocus enzyme electrophoresis and DNA-DNA
hybridization studies, revealed that Salmonella lineages represent two distinct species,
designated Salmonella enterica and Salmonella bongori and could be considered as
second phase. S. enterica possess SPI 2 that is not present in S. bongeri. SPI 2 was
acquired after S. enterica branched from the S. bongeri lineage. The third phase is also
important for host adapted ability. Salmonella enterica subspecies | (enterica)

expanded host range to warm-blooded animals.
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S. enterica subspecies |
(warm-blooded adaptation)
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of infection

S. bongori

E. coli

Figure 3.2 Model for the evolution of the genus Salmonella (modified from ref. 29)

3. Characteristics

Salmonella are Gram-negative facultative anaerobic bacteria, which
belong to family Enterobacteriaceae. They are non-fastidious bacteria as they can
grow in various conditions, i.e., temperature range from 5-47 °C with optimum
temperature at 35-37°C (30), pH range from 4-9. All members of this genus are motile
using peritrichous flagella except Salmonella Gallinarum and Salmonella Pullorum,

which are non-motile host-specific avian pathogens.

4. ldentification

Salmonella can be identified by using phenotypic properties, e.g., Gram
staining, oxidase test, ability to grow in selective medium, and biochemical
identification test. Salmonella are oxidase negative and catalase positive, which can
catabolize glucose but cannot metabolize lactose and sucrose. They can also use citrate
as a carbon source, produce hydrogen sulfide, but cannot utilize urea. In cultivation

process, enrichments media, e.g., Tetrathionate broth (TT broth), Selenite F broth,
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Rappaport-Vassiliadis broth (RV broth) were used prior to selection on selective
media. Selective medium, e.g., Salmonella-Shigella agar (SS agar) contains bile salt,
brilliant green, and citrate to inhibit Gram-positive bacteria and also sodium
thiosulfate and ferric citrate, which allow hydrogen sulfide detection. Deoxycholate
Hydrogen Sulfide Lactose Agar (DHL agar) or Xylose lysine deoxycholate agar (XLD
agar) can also be used. Hydrogen sulfide detection on SS agar and DHL agar were
shown in Fig. 3.3. The black color results from the formation of ferrous sulfides.

www.kohjin-bio.co.jp/products/up_img/1270279149-805525_2.jpg www.kohjin-bio.co.jp/products/up_img/1270278582-890107_2.jpg

Figure 3.3 Hydrogen sulfide detection on SS agar (left) and DHL agar (right)

5. Nomenclature

Salmonella share a high degree of DNA similarity and used to be classified
as only one species, Salmonella choleraesuis (31). It was then subsequently divided
into seven groups, which group | is the major cause of diseases in humans. The species
choleraesuis was changed to neospecies, enterica, because its name lead to confusion
with serotypes or serovars (32). Salmonella bongori was a different species from other
closely related species as demonstrated by multilocus enzyme electrophoresis, which
was concordant with DNA-DNA hybridization experiment, and classified to new

species apart from S. enterica (33).


http://www.kohjin-bio.co.jp/products/up_img/1270279149-805525_2.jpg
http://www.kohjin-bio.co.jp/products/up_img/1270278582-890107_2.jpg
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Salmonella now comprises two species, S. enterica and S. bongori, which
was formerly subspecies V (33), according to Centers for Disease Control and
prevention (CDC) system (34). S. enterica is divided into six subspecies; S. enterica
subspecies enterica (I), S. enterica subspecies salamae (Il), S. enterica subspecies
arizonae (Illa), S. enterica subspecies diarizonae (Illb), S. enterica subspecies
houtenae (1V), and S. enterica subspecies indica (VI1). S. enterica subspecies enterica
() is the only one subspecies that expanded host range to warm-blooded animals
including human and most pathogenic Salmonella belongs to this subspecies. All
species are subdivided into serogroups based on variations in a somatic O antigen and
serotypes based on O antigen and flagella H antigen. According to the CDC system,
2,463 serotypes were characterized, which subspecies | contains highest serotypes.
Serotype names were designated as follow; subspecies designation, somatic O antigen
followed by a colon, flagellar H antigen phase | followed by a colon, flagellar H
antigen phase I, if present, e.g., Salmonella serotype IV 45:9,z5::-. Salmonella

nomenclature according to CDC is shown in Table 3.1.

Table 3.1 Salmonella nomenclature in use by CDC, 2000 (34)

Taxonomic position Nomenclature
Genus (italics) Salmonella
Species (italics) - enterica, which includes subspecies I, 11,
Ila, ll1b, 1V, and VI

- bongori (formerly subspecies V)
Serotype (capitalized, not italized) - The first time a serotype mention in the
text; the name should be preceded by the
word “serotype” or “ser”
- Serotypes are named in subspecies | and
designated by antigenic formulae in
subspecies Il to 1V, and VI and S. bongori
- Members of subspecies Il, 1V, and VI
and S. bongori retain their names if
named before 1996.
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6. Pathogenicity and clinical manifestation

Salmonellosis refers to an infection caused by Salmonella, which can be
classified into four groups: enteric fever, gastroenteritis, bacteremia, and carrier state
(30). Salmonella infection can cause infection through ingestion of contaminated
foods or water and it can survive by adaptive response to an acidic pH in stomach
(35). It enters to a small bowel and crosses an intestinal mucus layer before adhering
to intestinal mucus membrane, which preferentially binds to microfold cell (M cell).
Salmonella induces cytoskeleton rearrangement and disrupting membrane brush
border with results in bacterial-mediated endocytosis (36, 37). Salmonella containing
vesicles then moves to basolateral membrane and activates immune cells. The selected
events in the pathogenesis of gastroenteritis and enteric fever, along with associated

virulence genes, are shown in Fig. 3.4.
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6.1 Disease caused by typhoidal Salmonella

6.1.1 Enteric fever

Enteric fever comprises typhoid fever (caused by S.
Typhi) and paratyphoid fever (caused by S. Paratyphi A, B, and D). In 2000, typhoid
fever was estimated to cause 21,650,974 illnesses and 216,510 deaths, while
paratyphoid fever was estimated to cause 5,412,744 illnesses (38). Transmission route
is through ingestion of foods or water contaminated with such bacteria. The incubation
period of typhoid fever is 7-14 days (39) and causes vary symptoms including fever,
malaise, myalgia, anorexia, and dry cough. Paratyphoid fever takes a shorter
incubation period, but exhibits less severity of diseases than typhoid fever (40).

6.2 Diseases caused by non-typhoidal Salmonella

Non-typhoidal Salmonella (NTS) are important agents that had
been reported to cause foodborne illness (29, 30). Humans are not a reservoir for NTS,
but they can be transmitted via ingestion of foods contaminated with these agents.
There are evidences supporting the contamination of NTS in food products (7, 10, 11),

and may consequently lead to health problem.

6.2.1 Gastroenteritis

This disease caused by NTS, serotypes other than
Typhi and Paratyphi. S. Typhimurium and S. Enteritidis are the most frequent
serotypes reported in the United States (43). In Thailand, S. Stanley, S. Rissen, S.
Enteritidis, S. Typhimurium, S. Choleraesuis, were the most frequent serotypes during
2003-2005 (44-46). Clinical symptoms present as nausea, vomiting, diarrhea, and
cannot be differentiated from diseases caused by other agents, e.g., Shigella. Diseases
actually are self-limiting, but antibiotics, e.g., fluoroquinilones should be used in

Severe cases.
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6.2.2 Bacteremia

NTS bacteremia depends on age, sex, serotypes,
continents, and immunity, which S. Choleraesuis is the most frequent serotype
involving this disease. High incidence of this disease was reported in african HIV
patients (47, 48) and in patients with malarial infection (48).

6.2.3 Carrier state

Salmonella can be spread via a carrier, who gets
infected with no symptoms. Carrier state does not only occur for NTS, but also for
typhoid Salmonella. Mary Mallon, also known as “Typhoid Mary”, was the first
reported person of typhoid fever carrier state who spread this agent to others via

cooking.

7. Treatment

Diseases caused by Salmonella infection are usually self limiting diseases
and require no treatment except patients who suffered from severe dehydration may
require fluid and electrolyte replacement. Antibiotic treatment sometimes is
recommended for shortening duration of infection and preventing an extraintestinal
infection, but it is still controversy. It was demonstrated that antibiotic treatment could
prolong fecal shedding of these organisms rather than limit shedding (43). Ampicillin
and trimethoprim-sulfamethoxazole are drugs of choice for empirical treatment (49),
but an increase of resistant strains to one or both of these drugs forced doctors to
change to other drugs. Fluoroquinolones and third generation cephalosporins are now
used instead. Nevertheless, fluoroquinolone resistant strains mediated by mutations in
drug targets (50), quinolone resistance determining region (QRDR) of gyrase (51-54),
and plasmid mediated quinolone resistance (PMQR) (50) have been reported (55-57).
The common mechanism of third generation cephalosporins resistance is a production

of extended spectrum B-lactamase (ESBL) enzymes.
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Distribution of Salmonella in chicken

Salmonella colonizes in gastrointestinal tract of wide range of animals.
Salmonellosis is a foodborne disease, which mainly caused by consumption of
contaminated foods and closely contact with infected animals. Chickens are important
food producing animals, which act as vehicles for animal-to-human transmission.
Chicken meat product can be classified into two types, pre-packaging and post-
packaging types. Pre-packaging type is sealed and kept in refrigerator and sold at
supermarket, in contrast to post-packaging type, which is exposed to an environment,
kept at ambient condition, and sold at open market. Prevalence of Salmonella in post-
packaged chicken meat had been reported worldwide and demonstrated a great
variation in each country (Table 3.2). In contrast, there are few reports focusing on
prevalence of Salmonella in pre-packaged chicken meat that sold at supermarket. In
Thailand, Salmonella contamination in chicken meat collected from supermarket was
reported at the rate of 57% (12). The lower rate of contamination (4.2%) was reported
in U.S.A. (11).

The most frequent serotypes of Salmonella found in animals in Thailand
from 2003-2006 reported by Department of Medical Sciences, Ministry of Public
Health, Thailand, were Enteritidis, Weltevreden, Rissen, and Anatum (Table 3.3).

Table 3.2 Global prevalence of Salmonella in post-packaged chicken

Country Prevalence (percentage) References
US.A. 4.2, 35,35 11, 65, 66
Japan 14.3 67
Spain 35.83 68

Vietnam 48.9, 53.3 69, 70

UK 29 71
Cameroon 60 72

Thailand 1,48, 75 73,12, 10
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Table 3.3 Top ten of prevalent Salmonella serotypes from animals during 2003 to
2006 in Thailand (44-46, 74)

2003 2004 2005 2006
S. Enteritidis S. Stanley S. Rissen S. Weltevreden
(55.56%) (14.81%) (25.34%) (19.12%)
S. Stanley S. Rissen S. Anatum S. Corvallis
(4.76%) (8.64%) (12.38%) (13.15%)
S. Rissen S. Albany S. Stanley S. Enteritidis
(4.76%) (7.41%) (11.59%) (12.35%)
S. Weltevreden S. Anatum S. Amsterdam S. Newport
(3.97%) (6.17%) (9.63%) (6.17%)
S. Lexington S. Weltevreden S. Weltevreden S. Stanley
(3.17%) (4.94%) (8.06%) (5.58%)
S. Yoruba S. Corvallis S. Enteritidis S. Brunei
(3.17%) (3.70%) (4.13%) (4.38%)
S. Augustenborg S. Enteritidis S. 14,12:i:- S. Typhimurium
(2.38%) (3.70%) (3.54%) (3.59%)
S. Anatum S. Agona S. Schwarzengrund S. Virchow
(1.59%) (3.70%) (3.14%) (3.19%)
S. Derby S. Panama S. Altona S. Javiana
(1.59%) (3.70%) (1.77%) (3.19%)
S. Schwarzengrund  S. Schwarzengrund S. Krefeld S. Amsterdam
(1.59%) (3.70%) (1.57%) (3.19%)

The most frequent serotypes in human are similar to those found in

animals, which are Enteritidis, Weltevreden, Rissen except Choleraesuis. Similar trend

of serotypes found in both human and animals indicates a possible route of

transmission from animals to human.
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Escherichia coli

1. History and evolution

Escherichia coli was named for Theodor Escherich, the German
pediatrician who isolated an intestinal bacteria from feces and term it as “bacterium
coli commune”. E. coli, Salmonella, and Shigella are considered as closely related
species, which E. coli and Shigella were considered to be a single species for some

researchers.

2. Characteristics

E. coli are facultative anaerobic Gram-negative bacteria that belong to
family Enterobacteriaceae. The optimal temperature for growth is 35-45°C, and pH
ranges from 4-10. Most E. coli are motile by using flagella and ferment glucose,
lactose, arabinose, maltose. E. coli have an ability to adapt and colonize to a various

conditions, e.g., gastrointestinal tract of animals and open-air environment.

3. Identification

E. coli can be identified using phenotypic properties and biochemical tests.
E. coli are an oxidase negative and catalase posive bacteria. By using MacConkey
agar, E. coli show pink colonies from lactose fermention, with pitted appearance in the
center of the colony. Most E. coli are indole positive and motile, but negative for

citrate, urea, Voges-Proskaeur (VP) tests.

4. Pathogenesis
Most strains of E. coli are normal flora in human and animals, but they can
also be pathogenic strains that cause three major diseases in human; neonatal

meningitis, chronic urinary tract infection, and gastroenteritis. The six classes of
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diarrheagenic E. coli, which associated with gastroenteritis are enteropathogenic E.
coli (EPEC), enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC),
enterotoxigenic E. coli (ETEC), enterohemorrhagic E. coli (EHEC), and diffusely
adherent E. coli (DAEC). Four groups of diarrheagenic E. coli related to foods and
water are ETEC, EPEC, EIEC, and EHEC.

4.1ETEC

Pathogenesis of ETEC is due to the production of enterotoxins.
ETEC may produce a heat-labile enterotoxin (LT), which functions similar to the
cholera toxin (CT) of Vibrio cholerae. ETEC adheres to intestinal epithelial cell by
colonization factors, e.g., fimbriae. LT comprises A and B subunits, which single A
subunit binds to pentamers molecules of B (59). LT subunit A targets alpha subunit of
G protein leading to adenosine diphosphate (ADP) ribosylation. This will activate
guanosine triphosphate (GTP) leading to elevation level of cyclic adenosine
monophosphate (CAMP). ETEC may also produce a heat stable toxin (ST) that is

resistant to boiling for 30 minutes.

4.2 EPEC

The characteristic of infection from EPEC is attaching-and-
effacing (A/E) histopathology (59). Pathogenesis of EPEC has three main stages;
localized adherence, signal transduction, and intimate adherence. Intimin protein
encoded by eae gene is required for attachment and effacing formation. Ilinesses
caused by EPEC including severe diarrhea, nausea, vomiting, abdominal cramps,

headache, fever, and chills.

4.3 EIEC

EIEC is similar to Shigella, which is non-motile, non-lactose
fermenter, and causes diseases similar to shigellosis. Diseases are caused by bacterial
penetration and destruction of intestinal mucosa with the process comprises of
epithelial cell penetration, lysis of the endocytic vacuole, intracellular multiplication,

directional movement through the cytoplasm, and extension into adjacent epithelial
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cells (59). Symptoms include chills, fever, headache, muscle pain, abdominal cramps,

and profuse diarrhea.

4.4 EHEC

Pathogenesis of EHEC similar to EPEC, but it can produce
Shiga toxin. EHEC produces Shiga toxins (Stx), which are encoded by phage, and
Stx1 and Stx2 are most often implicated in serious illness in human. The important
serotype is O157:H7, which contaminated in foods and caused many outbreaks in the
United States (60-63). E. coli O157:H7 can be separated from other serotypes by the
properties of delayed sorbitol fermentation, and inability to produce B-glucuronidase
(64). This serotype or strain can also cause Hemolytic Uremic Syndrome (HUS)

leading to kidney failure and death.

Distribution of E. coli in chicken

E. coli often contaminated in many kinds of foods especially poultry
products. The contamination can occur in all steps through food processing, e.g.,
packaging, transportation, and surprisingly decontamination. In contrast to Salmonella,
E. coli can be categorized into pathogenic E. coli and nonpathogenic E. coli (or normal
flora). Although, flora E. coli contamination in food cannot cause diseases directly, but
its role in reservoir of resistance genes is considered as an impact issue. High rate of E.
coli contamination in chicken (72.3-84.0%) was reported from National Antimicrobial
Resistance Monitoring System (NARMS) during 2002 to 2005. Zhao C et al. reported
chicken contaminated with E. coli at the rate of 38.7% and nearly 60% of samples
collected from supermarket were contaminated (11). The high rate of E. coli
contamination (100%) was also reported in Cameroon, and 11.3% of these were EPEC
(72). Moreover, extended-spectrum p-lactamase (ESBL) genes were detected at the
highest rate in chicken meat (79.8%) compared with beef and pork (75). Interestingly,

ESBL genes were also demonstrated a similar trend between chicken and human (75).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhao%20C%22%5BAuthor%5D
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Antibiotics used in food animals link to an emergence of antibiotic

resistant strains in animals and human

Antibiotics are used in human mainly for therapeutic purpose, which are
treatment and prevention of diseases. However, an overuse of antibiotics in human,
e.g., over-prescribing of antibiotics by doctors can promote an emergence of antibiotic
resistant strains. The failure of patients to complete dose of prescription also leads to a
survival of resistant strains. Moreover, poor hygiene and infection control are
important factors driving a spread of these resistant bacteria in clinical setting.

Nevertheless, the overuse of antibiotics in food animals as therapeutic and
non-therapeutic purpose is an alternative way conferring an emergence of resistant
bacteria in human. Therapeutic purpose is used only for diseased animals, whereas
prophylactic and subtherapeutic uses are for disease prevention, growth promotion,
and feed efficiency (76). Many of antibiotics used in animals are identical to human,
e.g., fluoroquinolones, penicillin, neomycin, and tetracycline (76, 77). Antibiotic
resistant strains occur from spontaneous mutations or acquired resistance traits by
other bacteria. These resistant bacteria in food animals can be transmitted to human by
close contact with infected animals or consumption of contaminated products (Fig.
3.5). Resistant bacteria from animals spread to an environment, e.g., food, water, soil,
and plant, and then spread to human. The spread of resistant bacteria can be
categorized into two modes; vertical transfer and horizontal transfer. Vertical transfer
or clonal spread is the spread of resistance trait from parent to progeny, whereas
horizontal transfer is the spread of resistance elements, mostly, extrachromosomal part
from one bacterium to others. Horizontal transfer comprises three major processes,
conjugation, transformation, and transduction. The resistance element from one
bacterium can be transferred to the same or new bacteria in human with 100% match
or some modifications (Fig 3.6). For example, an emergence of fluoroquinolone
resistant Campylobacter spp. correlated with fluoroquinolone usage in animals (4, 5).
The proportion of quinolone resistant Campylobacter jejuni in human increased from
1992-1998 in Minnesota was due to an introduction of quinolone in animals (78).
Molecular subtyping indicated that chicken product was a potential source of C. jejuni
resistant strains (78). The use of glycopeptide avoparcin as a growth promoter

enhanced an emergence of vancomycin-resistant Enterococcus (VRE) in Norway (79).
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A decline of percentage of VRE in poultry meat after avoparcin ban was demonstrated
(80).

An alternative way to trace back of resistance bacteria is a characterization
of antibiotic resistance determinants. Apart from clonal spread, horizontal gene
transfer driven by mobile genetic elements is a process of transferring of resistance
determinants from one to other bacteria. Molecular typing methods, e.g., sequencing
of resistance cassettes have been used to demonstrate a link between resistant strains
in animals and human. Resistance cassettes contained in class 1 integron demonstrated
an identical sequence and orientation in human and animal E. coli isolates, as well as
other bacterial species (81). Moreover, it was demonstrated that these resistance
cassettes were spread globally (81). Detection of aac(3)-1V, apramycin resistance
gene, in human E. coli isolates with 99.3% identity to animal origin was also
demonstrated (82). These resistance determinants not only be transferred within
species (intraspecies fasion), but also be transferred to different species (interspecies
fasion). Winokur PL et al. demonstrated that a transferring of CMY-2 AmpC B-
lactamase plasmids between E. coli and Salmonella isolates came from animal to
human (83).

The use of antibiotics in animals increases the number of resistant bacteria
not only in pathogenic strains, but also in commensal flora. Antibiotic resistant
bacteria transfer their resistance elements to commensal flora via horizontal gene
transfer and make them as potential reservoirs for resistance genes. In human,
intestinal flora was found to be reservoirs for resistance genes. The possible ways of
acquisition of resistance genes are acquisition of resistance genes from other bacteria
in intestine, or acquisition from contaminated bacteria transmitted via fecal oral route
(84). Besides the issue of reservoir of resistance genes, commensal flora was
considered to be an indicator for antibiotic used in that environment, and prediction of

resistance problem caused by pathogenic bacteria (85).


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winokur%20PL%22%5BAuthor%5D
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Figure 3.6 Several scenarios represent the genetic transport that occurs as bacteria
migrate from animal to human environments. (A) The same host and its indigenous
genes in animals are transported unchanged to humans. (B) The genetic structure
passes through one or more different hosts, ending in a new host (humans), with a
resulting 100% match of DNA. (C) The host and its plasmid-borne genes pass through
the environment, picking up gene cassettes en route, with a resulting 100% match for
the host only (a) or a low-% match for DNA only (b) (86).



Chaiyaporn Chaisatit Literature Review / 24

Mechanisms of antimicrobial resistance in bacteria

The discovery for antibacterial agents began around 1910 by Paul Ehrlich,
who discovered anti-syphilitic drug named Salvasan, an arsenical arsphenamine.
Prontosil was later discovered by Gerhard Domagk. Penicillin and streptomycin were
discovered in the late 1930s and early 1940s by Alexander Fleming and Selman
Waksman, respectively. Penicillin was a progenitor for many versions of B-lactam
antibiotics, e.g., ampicillin, and cephalosporins. Antibacterial agents can be
categorized into two main groups, antibacterial obtained from natural sources, e.g., B-
lactams and synthetic compounds, e.g., quinolones, according to their sources. The use
of antibacterial agents in bacterial infection has saved patients from death, but its use
can generate unwanted consequence, i.e., an emergence of antimicrobial resistant
bacteria. Antimicrobial agents can be classified according to their modes of actions,
which are inhibition of cell wall (B-lactam, cephalosporins), inhibition of protein
synthesis (tetracycline, macrolide, lincosamide), inhibition of DNA synthesis
(quinolones), inhibition of RNA synthesis (rifampin), competitive inhibition of folic
acid synthesis (sulfonamide, trimethoprim), membrane disorganizing (colistin) (87).
Although new antimicrobial drugs are still to be developed, it seems useless because
bacteria keep developing resistance to any kinds of drug. The major mechanisms of
antimicrobial resistance in bacteria are diminished intracellular drug concentration

mediated by efflux system, target alteration, drug inactivation, and bypass mechanism.

1. Diminished intracellular drug concentration mediated by influx-
efflux system

Bacterial cells have an intrinsic resistance property to toxic substances
including antibiotics. In Gram-negative bacteria, outer membrane plays a role in first
line barrier, which limits an entry of antibiotics, whereas Gram-positive bacteria are
prone to be susceptible to any toxic substances due to their lack of outer membrane.
Porins, which locate on outer membrane, are likely a generalized protection
mechanism that might not be specific to any class of antibiotics. OprD protein in
Pseudomonas aeruginosa, unlike the generalized ones, it shows specific activity with

its substrate, imipenem. Imipenem can be used for treatment against P. aeruginosa
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containing intact OprD protein, in contrast to strains carrying mutation in OprD
protein, OprD deletion, or low level of OprD expression with intact OprD protein (88).
On the other hand, bacteria can develop resistance to antibiotics by activation of efflux
pumps. The efflux systems confer antibiotic resistance by pumping antibiotic out of
bacterial cells, therefore decrease intracellular drug accumulation. The efflux system
comprises three parts, an inner membrane protein, linker protein at periplasmic space,
and an outer membrane protein. There are five families of efflux transporters; MFS
(major facilitator superfamily), MATE (multidrug and toxic efflux), RND (resistance-
nodulation-division), SMR (small multidrug resistance), and ABC (ATP binding
cassette) (89). The example of efflux systems are ArcAB-TolC, ArcEF-TolC in E.
coli, MexAB-OprM, MexCD-OprJ, MexOF-OprN, and MexXY-OprM in P.
aeruginosa. Quinolone resistance is mediated by activation of efflux systems, although
mutations in target region, QRDR of DNA gyrase and DNA topoisomerase IV, and
Plasmid-mediated quinolone resistance (PMQR) (90), gnrA, gnrB, gnrC, gnrD, gnrS,
and aac(6')-1b-cr are major resistance genes responsible for quinolone resistance. It
has been demonstrated that efflux pump mediated responsible for quinolone resistance
in many bacterial species, e.g., MexAB-OprM, MexCD-OprJ, and MexEF-OprN in P.
aeruginosa, AcrAB, AcrEF, and EmrAB in E. coli, CmeABC in C. jejuni, AdeABC in
Acinetobacter baumannii (91). The overexpression of efflux system result from
mutations in repressor proteins, e.g., mutations in MexR, a repressor protein, leads to
derepression of MexAB-OprM in P. aeruginosa (92). The efflux system has a broad
range of substrate, which can result in cross resistance to other antibiotics. Efflux
proteins also play a role in tetracycline resistance. Tetracyline, a drug that inhibits
protein synthesis by preventing the attachment of aminoacyl-tRNA to ribosomal
protein, has four resistance mechanisms; efflux, ribosomal protection, enzyme
inactivation, and unknown mechanisms (93). The efflux proteins responsible for
tetracycline resistance belong to MFS, which are divided into 6 groups according to
amino acid identity (93). The examples of efflux genes are tetA, tetB, tetC, tetD, tetE,
etc. These efflux proteins are normally associated with mobile genetic elements, e.g.,

plasmid, which often carry other resistance genes also.
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2. Target alteration

After antibiotics entered to bacterial cell through porin channels, it needs
to reach and action on target site according to its classes. Therefore, target site
alterations caused by mutations are another mechanism conferring resistance in many
drugs. Penicillin binding proteins (PBPs) are transpeptidases, which catalyze
peptidoglycan crosslinking. PBPs harbor three specific domains: SXXK, (S/Y)XN,
and (K/H)(S/T)G (94). The serine of SXXK interacts on carbonyl group of the
penultimate D-alanine residue of donor peptide, which releases the last D-alanine to
form a covalent acyl-enzyme complex, and then crosslinks with the third L-lysine
residue of acceptor peptide (94). B-lactams have a structure similar to D-ala-D-ala, a
target for PBPs, which act as competitive inhibitors to bind with PBPs leading to cell
wall synthesis inhibition. Many mutations in PBPs have been shown in penicillin
resistant bacteria. The pB-lactam resistance in methicillin resistant Staphylococcus
aureus (MRSA) results from production of low affinity PBP, PBP2a, which encoded
by mecA (95), while mutations in PBP5 decreased affinity for p-lactam was
demonstrated in Enterococcus faecium (96). PBPla, PBP2b, PBP2x and sometimes
PBP2a were shown to be altered in resistant Streptococcus pneumonia strains (94).
Another example is target alteration conferring quinolone resistance. Quinolone is a
synthetic compound that acts on DNA gyrase and topoisomerase 1V. DNA gyrase,
encoded by gyrA and gyrB, functions in catalyzing of negatively supercoilng of DNA,
whereas topoisomerase 1V, encoded by parC and parE, functions in decatenating the
daughter replicons (91). Mutations in QRDR, position 67 to 106, of gyrA decreased
susceptibility to quinolones. Moreover, mutation in position 51, which located outside
the QRDR was also demonstrated to lower susceptibility to quinolones (97). The most
frequent mutation positions in E. coli and Salmonella are at positions 83 and 87 (98,
99). In gyrB, substitutions at position 426 and 447 have been detected in quinolone
resistant strains (91). Mutations at positions 78, 80, and 84 of parC, and position 445
of parE were detected in quinolone resistant E. coli (91). Target alterations confer
antibiotic resistance also including rpoB mutation in rifampicin resistant strain,
mutation in 23S rRNA genes in linezolid resistance, and lipid A modifications that

interfere binding between colistin and cell membrane in colistin resistance.
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3. Production of drug inactivation enzymes

This mode of resistance confers high level resistance to many classes of
antibiotics. The prominent example is the production of p-lactamase enzyme, which
inactivates B-lactam antibiotics, e.g., penicillin, cephalosporin, by cleaving the p-
lactam ring. B-lactamase enzymes can be classified into groups and subgroups
according to structure and function (100). The classification based on structure
classifies B-lactamase into four groups: class A, B, C, and D, which class A, C, and D
are serine active site enzymes, whereas class B is a metallo B-lactamase, which
requires one or two zinc ions for their B-lactam hydrolysis. The discovery of B-
lactamase began with a restricted spectrum enzymes, e.g., TEM-1, TEM-2, and SHV-1
with an ability to destroy penicillin but not cephalosporins. Mutations in various sites
around active site of the original B-lactamase enzymes shift them to expanded activity
against higher spectrum drugs. These enzymes are so called extended spectrum [-
lactamase (ESBL) with act on newer generations of B-lactam antibiotics. p-lactamase
are classify as chromosomal B-lactamase, e.g., chromosomal AmpC B-lactamase in
Citrobacter, Enterobacter, Serratia, Morganella morganii, and P. aeruginosa (101),
which normally repressed by repressor protein and plasmid mediated p-lactamase, e.g.,
Class A B-lactamase. Some of these p-lactamase enzymes are inhibited by inhibitor,
e.g., Class A B-lactamase is inhibited by clavulanic acid, tazobactam, and sulbactam,
but not for Class C B-lactamase or Class B pB-lactamase, which is inhibited by
chelating agents, e.g., EDTA or 2-mercaptopropionic acid. Although, inhibitor was
used in combination with B-lactam antibiotics, e.g., amoxicillin/clavulanic acid for
treatment, but this strategy was overcome by inhibitor resistance p-lactamase
production, e.g., in case of inhibitor resistance TEM (IRT) pB-lactamase (102).
Aminoglycosides exhibit a wide range spectrum against clinically important bacteria,
e.g., E. coli, Salmonella, by binding to 30S ribosomal subunit leading to protein
synthesis inhibition. The major mechanism conferring aminoglycosides resistance is a
production of aminoglycoside modifying enzymes (AMES), which are aminoglycoside
phosphotransferases (APHs), aminoglycoside acetyltransferases (AACs), and

aminoglycoside nucleotidyltransferases (ANTs) (103). These enzymes modify the
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amino or hydroxyl groups of aminoglycosides in various positions resulting in poor
binding to ribosome. The examples of AMEs are: APH(3"), APH(2"), APH(3"),
APH(4) for APHs; AAC(1), AAC(3), AAC(2"), and AAC(6') for AACs; ANT(2"),
ANT(3"), ANT(4'), ANT(6), and ANT(9) for ANTs (103). Like aminoglycosides,
chloramphenicol resistance is often mediated by chloramphenicol acetyltransferase
(104). Production of drug inactivating enzymes in macrolide, lincosamide, and
streptogramin (MLYS) resistance was also demonstrated. Macrolide modifying enzymes
are encoded by esterase, and ereA, ereB for phosphotransferase enzymes, whereas
InuA (formerly linA) (for lincosamide nucleotidylation) was found among lincosamide
resistant Staphylococci (105).

4. Resistance mediated by bypass mechanism

The classical example of this mode of resistance is trimethoprim-
sulfamethoxazole (SXT) resistance. SXT inhibits bacterial folic acid synthesis by two
sequential steps, i.e., sulfonamide inhibits dihydropteroate synthetase (DHPS), which
generates dihydropterate from para-aminobenzoic acid (PABA), trimethoprim
subsequently inhibits dihydrofolate reductase (DHFR), which generates
tetrahydrofolate from dihydrofolate. SXT resistance is conferred by the
overproduction of both DHPS and DHFR enzymes, which caused by promoter
mutations (106).
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Modes of resistance gene dissemination

Antimicrobial resistance bacteria response to a selective pressure by
duplicating themselves or spread the resistance determinants to other bacteria either
within species (intraspecies) or between different genera (interspecies). There are two
modes of resistance gene spread, which are vertical gene transfer, also known as
clonal spread, and horizontal gene transfer, also known as lateral gene transfer.
Vertical gene transfer or clonal spread is defined as a transfer of resistant bacteria from
parent to offspring. Such bacteria may be preferentially selected under selective
pressure and spread by many ways, e.g., poor hygiene, contamination in food
products. The emergence of resistant bacteria to a former effective drug has been
shown due to clonal expansion (107). In contrast, horizontal gene transfer is a process
of transferring a piece of DNA including resistance genes to other bacteria, which
comprises conjugation, transformation, and transduction. The conjugation needs a
contact between donor and recipient bacteria for transferring genetic material. DNA is
transferred by either self-transmissible or mobolizable plasmid (108). Donor cells
synthesize multiproteins called mating pair to connect with recipient cells and send a
single strand DNA, then completed DNA will be synthesized by recipient. In addition,
conjugation also includes chromosomal transfer in form of integrative conjugative
elements or ICEs. ICEs have both an integrative and conjugative machine, which offer
their integration and excision from host chromosome and transfer by conjugation
machinery. Transformation is a process of uptaking free DNA of competence bacteria
from environment. Some bacteria, e.g., Neisseria gonorrhoeae and Haemophilus
influenzae have specific sequence recognition, which enhances transformation
efficiency (108). Transduction, unlike two former mechanisms, is a process of DNA
transferring by help of bacteriophages. The DNA of temperate phage is firstly inserted
into donor cell and transferred as host DNA alone (generalized transduction) or
transfer its own DNA along with host DNA (specialized transduction). The amount of

transferred DNA depends on the size of phage and it can range to 100 kb (108).
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Integron element

In a field of antibiotic usage, bacteria have an ability to develop resistance
against those antibiotics by acquiring resistance determinants from other bacteria. The
classical mechanism in horizontal transfer is conjugation, transformation, and
transduction, which all of them have been demonstrated to be important in the
movement of resistance genes among clinically important bacteria. Nevertheless, there
are other mechanisms conferring resistance genes transfer among such bacteria.
Transposition, mediated by transposon element, is a process involving in movement of
DNA by requiring no homology between the recombining sequences in contrast to
classic recombination, which requires extensive homology between recombining
sequences (15). Moreover, bacteria have an efficient tool for capturing resistance
genes as a gene cassette, called integron.

Integrons are defined as an assembly platform that incorporate open
reading frames (ORFs) of resistance genes in form of gene cassettes, which integrated
by site-specific recombination mediated by an integrase (15, 16). Gene cassettes are
discrete genetic elements that can be excised as a free circular form in a RecA-
independent manner, when moving from one to another site (109), or it can be present
as linear sequences that be a part of plasmid or bacterial chromosome (15).

The principle of integrons comprise three major key elements necessary
for capturing resistance genes; integrase encoded by intl, which belongs to tyrosine
recombinase family, a primary recombination site, called attl, and a strong promoter,
called Pc, which is used for driving an expression of resistance genes inside (Fig 3.8).
Gene cassettes, normally present as a single gene, contain resistance gene sequence
and additional sequence, called 59 base elements or sometimes called attC (15, 110).
The gene cassettes carried on integron lack a promoter and expressed from promoter
on integron. The attC is not highly conserved and varies in length from 57 to 141,
which contains boundaried sequences called inverse core site (RYYYAAC) at the 5'
end of resistance gene and core site (GTTRRRY) at the opposite end (R = purine, Y =
pyrimidine) (16, 111). The cross-over point locates between G and T (16) and
mutations in these position reduced cross-over activity. Mutations in AAC of inverse

core site also reduced cross-over activity but in lesser extent (111).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Microbiology) / 31

The classical feature of integron contains an integrase, intl, the integration
site, attl, which is located beside intl, and a promoter, which is located within intl.
These components are accommodated in the 5' conserved segment (5'CS). The 3'
conserved segment (3'CS) contains gene encoded for sulfonamide resistance, sull, a
truncated version of the detergent resistance gene, qacEA1, and open reading frame,
orf5 encoding a protein of unknown function (Fig. 3.7). The natural occurring integron
designated as In0, which identified in plasmid pVS1, display a structural comprising
the 5'CS join directly to 3'CS with no inserted genes (15, 112).

Integron was first thought to be a mobile element (14) based on a fact that
the first characterized integron was located in transposon (16). The transposition of
integron was then proved that it did not depend on integrase activity, which only
mobilized gene cassettes within integron (16). Nonetheless, integron have been shown
to be associated with other mobile genetic elements, e.g., plasmid and lead to rapid
increase in clinically important bacteria (18). Integron therefore can be divided into
two subsets; mobile integrons, which are linked to mobile DNA and play an important
role in antibiotic resistance gene spread, and chromosomal superintegron (16). Five
classes of mobile integron are classified to date based on sequences of integrase which
show 40-58% identity (16, 17). Among all classes of integron, class 1 integron is
found extensively in clinically important bacteria and most of known antibiotic
resistance cassettes belongs to this class. Class 1 integron is associated with
transposon derived from Tn402 that can be embedded in larger transposon, e.g., Tn21,
whereas class 2 integron is associated with Tn7 derivetives (113). Class 3 integron is
thought to be located in transposon but less prevalence than class 2 integron (114).
Class 4 and Class 5 integron were found in SXT elements in Vibrio cholerae and
compound transposon in Vibrio salmonicida, respectively (16). Chromosomal
superintegron was first discovered in chromosome 2 of V. cholerae, called V. cholerae
repeats or VCRs, which have the general characteristics; they are large and carry more
than 20 gene cassettes and extensive homology between attC sites, and located in
chromosome which not associated with other mobile elements (16, 17). It was also

identified in closely related bacteria, i.e., xanthomonads and pseudomonads.
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Figure 3.7 General structure of class 1 integron. The 5'CS comprises intl, attl, and a
promoter, whereas the 3'CS comprises gacEAL, encoding for detergent resistance,
sull, encoding for sulfonamide resistance, and orf5, encoding protein of unknown

function. Arrows indicate transcription direction (modified from ref.115).
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of the process by which circular gene cassettes are repeatedly inserted at the specific
attl site in an integron downstream of the strong promoter Pc. intl, integrase encoding

gene; Intl, integrase Intl (modified from ref. 17).
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Typing methods of Salmonella and E. coli

The diseases caused by bacterial infection have a great impact on human
health with high morbidity and mortality rate. The bacterial contamination in foods is
an important factor involving in this situation, which can be transmitted to human via
fecal-oral route. In addition, contaminated food can then be spread rapidly via
travelers, therefore it is responsible for such strain worldwide. Epidemiological study
IS important to track the sources of bacteria, investigate an outbreak situation,
understand pathogenesis of an infection, and, therefore provide an epidemiological
data for control of their spread. The criteria for evaluating typing methods are
typeability, an ability to obtain unambiguous results in each time of analysis,
reproducibility, an ability to obtain the same result when tested in different times,
discriminatory power, ability to differentiate among unrelated strains, ease of
performance, and ease of interpretation. Multiple methods can be used for typing

bacterial pathogens, which can be classified into phenotypic typing and genotypic

typing.

1. Phenotypic methods
Phenotypic methods identify bacteria by observing their phenotypic
expression of those bacteria. These methods involve observing in size, shape,

biochemical property based on metabolic activity.

1.1 Serotyping

Serotyping is based on the fact that strains of same species can
differ in the antigenic determinants expressed on the cell surface. It uses differences in
the somatic (O) and flagellar (H) surface antigens to separate strains into distinct
serotypes. Several methods can be used for serological testing, e.g., latex

agglutination, by mixing bacterial suspension with known panel of O and H antigens.
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1.2 Phage typing

Phage typing used an ability of a standard set of
bacteriophages to infect certain bacteria. This differential ability of phage infection
depends on a specific receptor of phage on bacterial surface, which allow phage to
bind to bacterial cell.

1.3 Antibiogram
This typing technique involves a comparison of antibiotic
susceptibility pattern among bacterial isolates. This method is ease of performance and

a pattern of unusual may indicate an outbreak.

2. Genotypic methods

2.1 Plasmid profile

Plasmids are an extrachromosomal DNA, which are distributed
between the daughter cells in cell division. Thus, bacteria from the same clonal groups
typically carry the same plasmids, which facilitate comparison among bacterial
isolates (116). Plasmid DNA isolation can be done by various methods, e.g., alkaline
lysis method, and then separated according to their size by agarose gel electrophoresis.
The number and size of plasmid are used to differentiate among bacterial isolates. In
addition, extracted plasmids are used in restriction reaction by restriction enzymes and
compared in number and size of plasmids. The major problem in plasmid analysis is a
conformation changes in plasmids, which may affect the migration property in agarose

gel electrophoresis (117).

2.2 Restriction fragment length polymorphism (RFLP)
RFLP patterns are created by digesting chromosomal DNA
with restriction enzymes, and separated digested fragments by agarose gel

electrophoresis. The digested fragments are difficult to interprete because of many
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fragments will be observed. This problem can be solved by using rare cutting enzymes
or hybridized DNA to membrane and probed with specific probes. Ribotyping is a
form of RFLP, which uses a specific probe to conserved regions of rRNA to probe
with hybridized DNA (118), whereas insertion sequences-RFLP (IS-RFLP) use a
specific probe to insertion sequences (116). A variant of RFLP is PCR-RFLP, which
involve PCR amplification a specific DNA sequences, usually a conserved gene,
followed by restriction digestion to generate banding patterns.

2.3 Amplified fragment length polymorphisms (AFLP)

AFLP combines a restriction digestion with PCR
amplification. Chromosomal DNA is extracted and digested with enzymes and then
linkers, which contain a complimentary sequence with digested fragments, are added
in reaction. PCR amplification is carried out by using primers specific to linkers. The
number of PCR products are limited by adding one to three additional sequences at the
3' ends of primer. The additional bases will bind randomly to template strand, which

will reduce the number of amplicons to a factor of four (119).

2.4 Randomly amplified polymorphic DNA PCR (RAPD-
PCR)

RAPD-PCR based on PCR amplification by using an arbitrary
primer under low stringency condition. The primers usually contain 6-10 base pairs
long (120). The PCR amplicons are then separated by agarose gel electrophoresis. The
problem for this method is reproducibility of results due to analysis parameters, e.g.,

reagents, amplification conditions.

2.5 Repetitive element PCR (Rep-PCR)

Rep-PCR relies on the fact that bacterial species have many
repeated DNA sequences throughout their genome. PCR primers are designed to the
regions flanking the repeats. When two repeats are close enough, the PCR
amplification will occur (121). The differences in banding patterns can result from the
number and position of repetitive elements in their genome (122). The examples of

repeated sequences used in Rep-PCR are enterobacterial repetitive intergenic
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consensus (ERIC), which are 126 base pairs conserved motifs of enteric bacteria
(121), and repetitive extragenic palindromic (REP).

2.6 Variable number of tandem repeat (VNTR) analysis
and multiple locus VNTR analysis (MLVA)

Bacterial genomes were found to contain repeated sequences
throughout their genome from DNA sequencing data. The repeated sequences range
from few base to over 100 base pairs in length. PCR primers are designed to anneal an
outside of repeated arrays. The size of PCR amplicons depend on the amount of
nucleotide base within repeated arrays. MLVA is an alternative approach by
combining multiple VNTR loci for typing.

2.7 Multilocus sequence typing (MLST)

MLST determines sequence Vvariability within selected
housekeeping genes rather than DNA fragment size determination. PCR amplification
of housekeeping genes are performed followed by nucleotide sequencing. The
sequencing data is subjected to MLST database, which all sequencing data are
assigned as sequence type (ST) according to alleic profile. High quality of sequencing
results are needed in case of MLST because it relies on nucleotide base changes (116).
If the strains display a unique alleic profile, it will define as a new ST. The advantage
of this method is worldwide comparable method which all users can download
sequence of primers and upload sequencing results to database to know what STs they

have.
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CHAPTER IV
MATERIALS AND METHODS

Prevalence of Salmonella spp. and E. coli in raw chicken meat from

supermarkets in Bangkok

1 Sample collection

Two hundred raw chicken meat samples were collected from various
supermarkets in Bangkok. The characteristics of samples in this study were sealed-
packages, which kept at 4°C. Manufacturing date and expiry date were addressed on
each package. Sample collections were performed during July 2010 to May 2011 from
7 supermarkets and 4 major distributors. The collection places were Tops (Central-
Pinklao) (68 samples), Lotus (Pinklao) (35 samples), Lotus (Pata-Pinklao) (20
samples), Tang Hua Seng (37 samples), Golden Place (33 samples), Lotus
Bangkuntien (6 samples), and Wanglang market (1 sample). Four distributors in this
study were distributor 1 (42 samples), distributor 2 (61 samples), distributor 3 (50
samples), and distributor 4 (47 samples). Some supermarkets sold raw chicken meat
from more than one distributor, e.g., Tops (Central-Pinklao) sold products from
distributor 1 and 3, Golden place sold from distributor 3 and 4. Sample number per
time of visit was from 5 to 15 samples. The samples were transferred on ice and
brought to laboratory within 30 minutes. Bacterial isolation was performed
immediately after arrival at laboratory by using aseptic technique. If the process was
delayed, samples would be kept at 4°C until bacterial isolation process was done. Each
time of sample collection, expiry date was determined in order to reduce samples

variation.
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Sample size in this study was calculated from:

n=Zp(l-p)  (123)
d2

n = required sample size

Z = confidence level at 95% (standard value of 1.96)

P = estimated prevalence of interested project

d = margin of error at 5% (standard value of 0.05)

Sample size in this study was calculated based on prevalence of

Salmonella. The average prevalence was 15%, which requires about 200 samples for

this study.

2 Bacterial isolation

Salmonella spp. were isolated according to standard method described in
ISO 6579 (124) and appropriated method was used for non-pathogenic E. coli
isolation. All processes were done by using aseptic technique. Twenty five grams of
samples were cut, weighed, and aseptically placed in sterile stomacher bag with 225
ml of buffered peptone water (BPW), which is a pre-enrichment media for Salmonella
spp. and can also be used for E. coli. The content in the stomacher bags were then
shaken in order to homogenize the content in the stomacher bags by using
homogenizer machine for 2 minutes, sealed and then incubated at 37°C for 18 h. BPW
helps to recover injured bacterial cells that can be caused by food preservation
techniques involving heat, desiccation, preservatives, and high osmotic pressure or pH
changes.

For Salmonella isolation, 1 ml and 0.1 ml of chicken meat rinse solution
were transferred to 2 tubes of 10 ml of tetrathionate broth (TT broth) and Rappaport-
Vassiliadis R10 (RV R10 broth), incubated at 37°C for 24 h and 42°C for 24 h,
respectively. The broth cultures were then streaked on Salmonella-Shigella Agar (SS
Agar) and deoxycholate hydrogen sulfide lactose Agar (DHL Agar), and incubated at
37°C for 24 h. The typical colonies of Salmonella spp., which are colorless colony
with ferrous sulfide in black color in the center, were confirmed by using biochemical

identification test. Biochemical test for Salmonella identification were triple sugar iron



Chaiyaporn Chaisatit Materials and Methods / 40

(TSI), motile, indole, ornithine decarboxylase (OD), and urea. All Salmonella strains
were typed further into serogroup and serotype.

For E. coli isolation, the content in the stomacher bags were streaked on
MacConkey agar and incubated at 37°C for 24 h. The typical colony of E. coli, which
presented a pink colony with pitting in the center, was confirmed by using biochemical
identification test. Biochemical test for E. coli identification were TSI, motile, indole,
OD, and urea.

Table 4.1 Biochemical test for Salmonella spp. and E. coli identification used in this

study
TSI Motile Indole oD Urea
E. coli A/AG, + + i -
K/IAG
Salmonella K/AGH2S + - + -

3 Salmonella serogrouping and serotyping

For serogrouping, pure colonies of Salmonella were reacted with 6
polyvalent Salmonella antisera (Serosystem, Clinag, UK). Positive results were
observed the agglutination on slides by naked eye.

Salmonella serotyping was performed at the Department of Medical
Sciences, Ministry of Public Health. All isolates were serotyped by using slide
agglutination. O and H antigens were characterized by agglutination with
hyperimmune sera (S & A reagents lab, Ltd, Bangkok, Thailand) and serotype was

assigned according to the Kauffmann-White scheme (125).

4 Bacterial storage

Salmonella spp. and E. coli were kept frozen at -20°C in Luria-Bertani
broth (LB broth) or brain heart infusion broth (BHI broth) plus 20% glycerol with
beads inside. Isolates were grown in suitable media and heavy inoculated into storage
tubes. After isolates were completely mixed by inverting tubes, supernatants were then

removed and stored the tubes at -20°C.
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25 g of samples in 225 ml of buffered peptone water, incubated at 37°C for 18 h.

Salmonella isolation E. coli isolation
1 mlinto TT broth, 0.1 ml into RV broth, Streak on
mcubateczi jth 37°C for mcubateg :th42 C for Macconkey agar

Select for typical
colony of E. coli

Streak on SS agar and DHL agar

Select for typical colony of Biochemical
Salmonella confirmation test
Biochemical confirmation test Stock collection

Serogrouping and serotyping
tests

Stock collection

Figure 4.1 Flowchart of Salmonella spp. and E. coli isolation from chicken meat
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Determination of coliform bacteria by most probable number method

(MPN method)

Most probable number (MPN) is the multiple tubes technique, which is
used to determine the coliform bacteria in food and water specimen. MPN used in this
study was performed according to Food microbiology; A laboratory manual (126).
There are three levels of testing to determine the presence of coliform bacteria in water
and food; presumptive test, confirmatory test and completed test.

Presumptive test:

1. The chicken meat was mixed thoroughly and taken with sterile
technique. Eleven grams of food was weighed and transferred into a sterile stomacher
bag.

2. Ninety nine ml of buffered peptone water (BPW) was added and then
homogenized by homogenizer for 2 minutes. The homogenized sample represented the
10™ dilution.

3. The following additional dilution: 102, 10% 10 was prepared by
using the 9-ml BPW tubes.

4. Three tubes of lauryl sulphate tryptose broth (LST broth), each with 9
ml and Durham inside, were inoculated with 1 ml of the three dilutions (10?, 10, 10™
a total of nine tubes).

5. All tubes were incubated at 35°C for 48 hours.

6. Each LST tubes were observed and gently shaked the tube to help
release the gas from the medium. If there is a gas bubble trapped in the Durham tube,
or effervescence is produced when the tube is gently shaken, score the tube positive.
When no gas is produced, the tube is scored negative.

7. The total number of positive tubes at each dilution was determined and
interpreted the MPN value in the Table 4.5.
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Table 4.2 Most probable number (MPN) estimates for three fermentation tubes per
dilution and dilutions representing 10, 102, 10 dilution

Number of positive tubes/3 tubes Number of positive tubes/3 tubes

10™ 107 107 MPN/g 10™ 107 107 MPN/g

0 0 0 <3 3 0 0 23

0 1 0 3 3 0 1 38

1 0 0 3.6 3 1 0 43

1 0 1 7.2 3 1 1 75

1 1 0 7.4 3 2 0 93

1 2 0 11 3 2 1 150

2 0 0 9.2 3 2 2 210

2 0 1 14 3 3 0 240

2 1 0 15 3 3 1 460

2 1 1 20 3 3 2 1100

2 2 0 21 3 3 3 >1100

8. The dilution factor multiplier was determined. Table above is for tubes
with dilutions of 107, 102, and 10°. The MPN/g value from the table must be
converted to the dilution used in this experiment. The lowest dilution used in this
study is 1073, there is a factor of 10? (10*/10%) between the table and the sample.

Therefore, multiply the table values by 1/10 to convert the dilution.

Confirmatory test:

1. A presumptive-positive LST broth tube was selected for confirmation.

2. Contents of the LST broth tubes were mixed by rapidly rolling each in
between hands and using a loop. The contents were then put into the brilliant green
lactose bile broth (BGLB broth).

3. The contents of the BGLB broth tubes were mixed as in 2.2.2

4. The BGLB tubes were incubated at 35°C for 24 hr.

5. The BGLB broth tubes were examined for entrapped gas in Durham

tubes and recorded tubes with gas as positive.
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6. 1f BGLB broth tubes are positive, this confirms the LST results. If some
BGLB broth tubes are negative, MPN/g of coliform in food was calculated based on
the proportion of confirmed gassing in BGLB broth tubes.

Completed test using MacConkey agar:

1. The contents of the positive BGLB broth tubes were mixed.

2. The positive BGLB broth was streaked onto MacConkey agar.

3. The plates were incubated at 35°C for 24 hr.

4. MacConkey agar plates were inspected and observed the bright and
pink colony with pitting in the center of E. coli.

Quality control

Organism Result
E. coli Gas bubbles in Durham tube
Proteus vulgaris No Gas bubbles in Durham tube

Antibiotic susceptibility testing (AST) by disk diffusion method

AST was determined by disk diffusion method according to the standard
method of Clinical and Laboratory Standards Institute 2010 guideline (CLSI 2010
guideline) (127). Inoculum was prepared by making a direct saline from overnight
cultured bacteria and adjusted to 0.5 McFarland standard. Within 15 minutes after
adjusting the turbidity of inoculum, the sterile swab was dipped into the inoculum and
rotated several times. The swab was then streaked on Muller-Hinton agar and rotated
60° in order to ensure the distribution of inoculums. The antibiotic disks were placed
on the surface of agar by using sterile forceps within 15 minutes, after culture
inoculation. Antibiotics used in this study were ampicillin (10 pg), amoxicillin-
clavulanic acid (20/10 pg), cephalothin (30 ug), cefuroxime (30 ug), cefotaxime (30
ug), ceftriaxone (30 pg), ceftazidime (30 pg), cefepime (30 ug), ertapenem (10 pg),
imipenem (10 pg), meropenem (10 pg), gentamicin (10 pg) amikacin (30 pg),
ciprofloxacin (5 pg), levofloxacin (5 pug), trimethoprim-sulfamethoxazole (1.25/23.75
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Hg), chloramphenicol (30 pg), tetracycline (30 pg). The plates were incubated at 35°C
for 18 hours. The results were recorded as inhibition zone in diameter and interpreted
according to CLSI 2010 guideline (Table 4.6). Quality control strains were
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, and Escherichia
coli ATCC 35218. Quality control was done in parallel with tested strains.

Quality control strains

- Escherichia coli ATCC 25922
- Staphylococcus aureus ATCC 25923
- Escherichia coli ATCC 35218 for -lactamase/B-lactamase inhibitor

testing

Table 4.3 Zone diameter interpretative standard for Enterobacteriaceae according to
CLSI 2010 (127)

Antibacterial agents Disk Diameter of inhibition zone (mm)
content
(ng)
Resistant | Intermediate | Susceptible

Ampicillin 10 <13 14-16 >17
Amoxicillin/clavulanate |  20/10 <13 14-17 >18
Cephalothin 30 <14 15-17 >18
Cefuroxime 30 <14 15-22 >23
Cefotaxime 30 <22 23-25 >26
Ceftriaxone 30 <19 20-22 >23
Ceftazidime 30 <17 18-20 >21
Cefepime 30 <14 15-17 >18
Ertapenem 10 <15 16-18 >19
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Antibacterial agents Disk Diameter of inhibition zone (mm)
content
(ng)
Resistant | Intermediate | Susceptible

Imipenem 10 <13 14-15 >16
Meropenem 10 <13 14-15 >16
Gentamicin 10 <12 13-14 >15
Amikacin 30 <14 15-16 >17
Ciprofloxacin 5 <15 16-20 >21
Levofloxacin 5 <13 14-16 >17
Chioramphenicol 30 <12 13-17 > 18
Tetracycline 30 <11 12-14 >15
Trimethoprim- 1.25/23.75 <10 11-15 >16

sulfamethoxazole

Investigation the presence of class 1 integron and their antibiotic

resistance genes

1 Total DNA extraction

Total DNA of Salmonella (14 isolates) and E. coli (106 isolates) were
extracted by using PUREGENE™ DNA purification kit with the instruction provided
by manufacturer. Briefly, 500 ul of bacterial cell suspension was centrifuged at 15,000
x g for 5 seconds to pellet cell. The supernatant was carefully removed. Total of 300
ul of cell lysis solution was then added to resuspend the pellet and incubated at 80°C
for 5 minutes. Cell lysis was added with 1.5 pl of RNase A solution in order to
eliminate unwanted RNA, and incubated at 37°C for 60 minutes. After samples were
cool to room temperature, 100 pl of protein precipitation solution was added and
vortex vigorously to mix this solution with cell lysate. Samples with protein
precipitation solution were centrifuged at 15,000 x g for 3 minutes. The precipitated

proteins were formed as a tight pellet. Supernatant containing DNA was removed to
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1.5 ml centrifuged tube, which contained 300 pl of 100% Isopropanol (2-propanol).
100% Isopropanol was used to precipitate DNA and should be visible as white pellet.
Ethanol (70%) was added in order to wash DNA. After 70% ethanol was carefully
poured off and air dry for 15 minutes, DNA hydration was added. DNA was
rehydrated by incubating samples at 65°C for 1 hour or overnight at room temperature.
DNA was stored at -20°C until used.

2 Analysis of DNA by agarose gel electrophoresis

DNA products were analyzed for their sizes and amounts by
electrophoresis in 1% agarose gel. Agarose gel was run at 100 volt for 30 minutes and
stained with 5ug/ml ethidium bromide for 5 minutes and destained with water for 20

minutes. DNA products were observed on UV transilluminator.

3 Class 1 integron determination

PCR was carried out with specific primers including intll encodes
integrase and 5'CS-3'CS for internal segments of integron element (Table 4.7). PCR
schematic for class 1 integron detection was shown in Fig. 4.10

For intl1, PCR amplification was performed with the following cycling
parameters: initial denaturation at 94°C for 5 minutes followed by 30 cycles of
denaturation at 94°C for 30 seconds, annealing at 56°C for 30 seconds and extension
at 72°C for 30 seconds, with final extension at 72°C for 7 minutes. The PCR products
were analyzed by electrophoresis in 1% agarose gel containing 1X TBE buffer. 1 kb
plus DNA ladder was used as a marker and positive control, Pseudomonas aeruginosa
PAG67, an integron containing blayvp-1s strain, was run in parallel with samples. 471 bp
in size was interpreted as positive for integrase gene. Negative control was a master

mix reagent, which contains all reagents except DNA.
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P GTTRRRY GTTRRRY

int

| inserted cassette |

| 5'-conserved segment | | 3'-conserved segment |

Figure 4.2 PCR schematic for class 1 integron detection in this study (115). PCR with
specific primer to intl1 was used as screening test for the presence of class 1 integron
and PCR with specific primers to internal segment of 5'CS and 3'CS was used to detect

an inserted resistance genes.

Table 4.4 Primer sequences used to detect class 1 integron, intl1, which the expected
PCR product size of 471 bp. Primers with specific to 5'CS, 3'CS, and 3'CS 2 were used

to identify an inserted resistance gene

Primer Sequence Product | Reference
name size

intll F 5' AAGGATCGGGCCTTGATGTT 3
e 471 bp This study
intl1l R 5' CAGCGCATCAAGCGGTGAGC 3

5'CS 5' GGCATCCAAGCAGCAAG 3

3CS 5 AAGCAGACTTGACCTGA 3 Variable 115

3'CS2 5' GACCTGATAGTTTGGCTGTGAGC 3 This study
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Table 4.5 Recipe of PCR reaction for detecting integrase gene (total volume 50 pl)

Reagent Volume (ul)

MilliQ water 37.25
10X buffer (with MgCl,) 5
10 mM dNTP 1
Forward primer (10 uM) 2.5
Reverse primer (10 uM) 2.5

DyNAzyme Taq polymerase 0.75
Template DNA 1

For 5'CS-3'CS, the binding sites of primers were shown in Fig. 4.11. PCR

was performed with the following cycling parameters: initial denaturation at 94°C for

5 minutes followed by 30 cycles of denaturation at 94°C for 30 seconds, annealing at

54°C for 1 minute and extension at 72°C for 2 minutes, with final extension at 72°C

for 7 minutes. The PCR products were analyzed by electrophoresis in 1% agarose gel

containing 1X TBE buffer. One kb plus DNA ladder was used as a marker.

Pseudomonas aeruginosa PA67, an integron containing bla;vp.1s strain and generate

1,897 bp of PCR product, was run in parallel with samples. Negative control was a

master mix reagent, which contains all reagents except DNA.

Table 4.6 Recipe for PCR reaction for 5'CS-3'CS (total volume 25 pl)

Reagent Volume (ul)
MilliQ water 17.75
10X buffer (with MgCl,) 2.5
25 mM MgCl, 2
10 mM dNTP 0.5
5'CS primer (100 uM) 0.25
3'CS primer (100 pM) 0.25
DyNAzyme Taq polymerase 0.75
Template DNA 1
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1 GGATCCATCAGGCAACGACGGGCTGC TGCCGGCCATCAGCGGACGCAGGGAGGAC TTTCCGCAACCGGCCGTTCGATGCGGCACCGATGG
91 CCTTCGCGCAGGGGTAGTGAATCCGCCAGGAT TGACTTGCGCTGCCCTACCTCTCAC TAGTGAGGGGCGGCAGCGCATCAAGCGGTGAGC
*** r e s t 1l ppl adlops
181 GCACTCCGGCACCGCCAACTTTCAGCACATGCGTGTAAATCATCGTCGTAGAGACGTCGGAATGGCCGAGCAGATCCTGCACGGTTCGAA
r vgaggyvzLk1lwvhty imt¢tsvdshaglldguvetr
271 TGTCGTAACCGCTGCGGAGCAAGGCCGTCGOGAACGAG TGGOGGAGGGTGTGCGE TG TGECGGGCTTICGTGATGCC TGCTTGTTCTACGG
i dygsrllatafshorl¢thoptapktigagqeyvw
361 CACGTTTGAAGGCGCGCTGAAAGGTCTGGTCATACATGTGATGGCGACGCACGACACCGCTCOGTGGATCGG TCGAATGCGTGTGCTGCG
ar k farqftqdymhhhrrvvgsrpdtshthag
451 CAAAAACCCAGAACCACGGCCAGGAATGCCCGGCGCGCGGATACTTCCGCTCAAGGGCG TCGGGAAGCGCARCGCCGCTGOGGCCCTCGG
a f vwi fwpwshgarpykreladplavgsrage
541 CCTGGTCCTTCAGCCACCATGCCCGTGCACGCGACAGC TG TCGOGCAGGC GGG TGOCAAGCTCTCGGG TAACATCAAGGCCOGATCCT
a gqd k 1l wwararslqerlspalseplmlard
631 TGGAGCCCTTGCCCTOCCGCACGATGATOGTGCCGTGATCGAAATCCAGATCC TTGACCOGCAGTTGCAAACCC TCAC TGATCCGCATGC
k s g k ger viitghd fd1ldxkXvrerlgqglagesidirm

g t gyl lqgaflrhegelfgldirvvedopt1luvy
811 GCAAGCGCCGCGACGGCCGAGGTCTTCCGATCTCCTGAAGCCAGGGCAGATCCGTGCACAGCACCT TGCCGTAGAAGAACAGCAAGGCCG

Plrrsprprgieql wpldtceclvkagy f f1l1la
901 CCAATGCCTGACGATGCGTGGAGACCGAAACCTTGCGC TOGTTCGCCAGCCAGGACAGAAATGCCTCGACTTCGCTGC TGCCCAAGGTTG

alaqgrhtsvsvkrenalws 1l Tfaevessglct
991 COGGGTGACGCACACCGTGGAAACGGATGAAGGCACGAACCCAGTGGACATAAGCCTGTTCGGTTCGTAAGC TGTAATGCAAGTAGCGTA

aphrvghfrifarvwhvyagqgqetrlsyhlyr-r
1081 mxmmmmmmmmmummnmnmmnnr

dyl v k v 1 <=
% (QSJ)IHII%I PP lpatatkm Int

117 WMAWAMMWMWWMAWMMTW
S'-conserved segment <-| |=> 3'-conserved segmeis
1261 WWWMHWWMTMKATMMMMCCMACTA‘!’CAGGTCAAG‘I’CI‘G:TTTTA"ATT
3'CS 2 primer 3'CS primer
1351 TTTAAGCGTGCATAATAAGCCCTACACAAATTGGGAGATATATCATG TCTTGTTATCGCAATAGTTGGCGAAGTAA
ORF§ ->M K G WL FLVIATIUVGEUVI
1441 TCGCAACATCCGCATTAAAATC TAGCGAGGGC TTTACTAAGCT IGCCCCTTCCGCCGTTGTCATAATCGGTTATGGCATCGCATTTTATT
A TS ALIKSSEGTFTI KLAPSAVVIIGYGTIATFTYTF
1531 TTCTTTCTCTGGTTCTGAAATCCATCCCTGTCGG TG TTGCT TATGCAGTCTGG TCGGGACTCGGCG TCGTCATAAT TACAGCCATTGCCT
L SLVLIKSTIPVGVAYAVHWSGLGVVITITA ATIA AW
1621 GGTTGCTTCATGGGCAAAAGCTTGATGCGTGGGGCTTTGTAGG TATGGGGC TCATAATTGC TGCCTTT TTGCTCGCCCGATCCOCATCGT
L LHGQKULUDA AWGT PFUVGMOGLTITIAAFTLTLA ARTSZPSW
1711 GGAAGTCGC TGOGGAGGCCGACGCCATGGTGACGGTGTTOGGCATTC TGAATC TCACCGAGGAC TCCT TC TTCGATGAGAGCCGGOGGCT
K S L RRP TP W #n
Sull-=>M VT VF G I LNULTETDS ST FTFDES ST RR RL
1801 AGACCCCGCOGGCGCTGTCACCGCGGOGATCOGAAATGC TGCGAGTCGGATCAGACGTCG TGGATGTCGGACCGGCCGCCAGCCATCCGGA
DPAGAVTAAIEMLRVYGSDVV VDV GPAASTE HTPD
1891 CGCGAGGCCTGTATCGCCGGCCGATGAGATCAGACGTAT TGOGCCGCTCTTAGACGCOC TG TCCGATCAGATGCACCG TG TTTCAATCGA
A RPVSPADETIRRTIAPLILDALSUDA QMHERUVSTIOD
1981 CAGCTTCCAACCGGAAACCCAGCGCTATGCGCTCAAGCGOGGCGTGGGCTACCTGAACGATATCCAAGGATT TCCTGACCCTGCGCTCTA
S FQPETAO QRYALIKRGVGYLNDTIOQGTFUZPDTZPA ALY
2071 TCCOGATATTGCTGAGGCGGACTGCAGGCTGGTGGTTATGCACTCAGCGCAGCGGGATGGCATCGCCACCCGCACCGGTCACCTTCGACC
P DIAEADCRLVVMUHESAQRDG GTIATRTSGUHTULTRSTEP
2161 CGAAGACGCGCTCGACGAGATTGTGCGGTTCTTCGAGGCGCGGGTTTCCGCCT TGCGACGGAGCGGGGTCGC TGCCGACCGGCTCATCCT
EDALDETIVRTFFEARVYVSALRRSG GV VAADR RILTIWL
2251 CGATCOGGGGATGGGATTTTTCTTGAGCCCCGCACCGGAAACATCGC TGCACG TGCTGTCGAACCT TCAAAAGC TGAAGTCGGCGTTGGG
DPGMGF FF FULSPAPET SLHVLSNLUO OQIKTLIEKSA ALSGSEG
2341 GCTTCCGCTATTGGTCTCGGTGTCGCGGAAATCCTTCT TGGGCGCCACCGT TGGCCTTCCTG TAAAGGATCTGGGTCCAGCOGAGCCTTGE
LPLLVSVSRKS ST FLGATVGLZPVI KT DTLTGZPA ASTLHA
2431 GGCGGAACTTCACGCGATCGGCAATGGCGC TGACTACG TCCGCACCCACGCGCCTGGAGATC TGCGAAGCGCAATCACCTTCTCGGAAAC
A ELHAIGNGADYVRTHAPGUDULRSAITTFSET
2521 CCTCGCGAAATTTCGCAGTCGCGACGCCAGAGACCGAGGGTTAGATCATGCCTAGCATTCACCTTCOGGCOGCCCGCTAGCGGACCCTGG
L AKFRSIRDARUDIRGILIUDH A =

2611 TCAGGTTCCGCGAAGGTGGGCGCAGACATGCTGGGC TCGTCAGGATCAAAC TGCACTATGAGGCGGCGGTTCATACCGCGCCAGGGGAGC
2701 GAATGGACAGCGAGGAGCCTCCGAACGTTCGGGTCGCC TG TCGGGTGATATCGACGAGGT TGTGCGGCTGATGCACGACGCTGCGGCGT
ORFS->M D S E E P P NVRVACSGDTIDEVVRLMHEDAAANW
2791 GGATGTCCGCCAAGGGAACGCCOGCC TGGGACGTCGOGCGGATCGACCGGACATTCGCGGAGACCT TCGTCC TGAGATCCGAGCTCCTAG

M S AKGTUPAWDVARTIDRTTFAETTFVLRSETLTLV

2881 TCGOGAGTTGCAGCGACGGCATCGTCGGCTGTTGCACCTTGTCGGCCGAGGATCC 2935
A S CSDGIUVGCCTLSA AED

Figure 4.3 The PCR primers for internal segment of 5'CS-3'CS were indicated by red,
blue, and green color for 5'CS, 3'CS, and 3'CS2, respectively. The primer sequences
were designed from a sequence of plasmid pVS1, an integron with no inserted

resistance genes from P. aeruginosa (128)
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PCR products of 5'CS-3'CS primer were examined a pattern of digestion
by using Afal enzyme and recipe for Afal digestion was shown below.

Recipe for Afal analysis

Sterile D.W. 10 pl
Afal 1pl
10 X T Buffer 2 ul
0.1% BSA 2 ul
PCR product 5ul
Total 20 pl

The total amount of digested tube was activated at 37 °C for 1 hr and
inactivated at 60 °C for 15 min. The result of banding patterns was analyzed by

electrophoresis in 1% agarose gel containing 1X TBE buffer.

4 Cloning experiment

PCR products amplified from 5'CS-3'CS primers were cloned into a
plasmid vector StrataClone™ PCR cloning vector pSC-A-amp/kan according to
manufacturer’s instruction.

The StrataClone PCR cloning vector mix contains two DNA arms, each
charged with topoisomerase | on one end and containing a loxP recognition sequence
on the other end. The topoisomerase-charged ends have a modified uridine (U%*)
overhang. Tag-amplified PCR products, which contain 3 -adenosine overhangs, are
efficiently ligated to these vector arms in a 5 min ligation reaction, through A-U*

base-pairing followed by topoisomerase I-mediated strand ligation.

Table 4.7 Recipe for StrataClone™ PCR cloning reaction

Reagents Volume (ul)
StrataClone™ Cloning buffer 3
PCR product 2
StrataClone™ Vector mix 1
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The ligation reaction was prepared by mixing the components shown in
Table 4.10. The reaction was mixed gently by repeated pipetting and incubated at
room temperature for 5 minutes. When the incubation is complete, the reaction was
placed on ice. One tube of StrataClone SoloPack competent cells was thawed on ice
for each ligation reaction. After that, the PCR cloning reaction was transformed into
50 pl of competence cell and swirled the tubes gently, then incubated on ice for 20
minutes. The reaction tubes were then heat-pulsed in a 42°C water bath for 45
seconds.The transformation mixture was incubated on ice for 2 minutes. Two hundred
and fifty microliters of preheated (42°C) LB medium was added to the reaction tubes.
The tubes were then incubated at 37°C for 1 hour with agitation. Finally, 5 pl and 100
pl of transformation mixture was plated on LB-kanamycin with 2% X-Gal plate and
incubated at 37°C overnight. The white or light blue colonies were selected for the
insertion of PCR products.

5 Transformant clones analysis

5.1 Plasmid extraction

Transformant clones were extracted for recombinant plasmids
by using Geneaid High-Speed Plasmid Mini Kit according to manufacturer’s
instruction. First step, 1.5 ml of an overnight culture was harvested by microcentrifuge
(15,000 g) for 1 minute and the supernatant was discarded. The pellet was resuspended
in 200 ul of PD 1 buffer by vortex or pipetting. Two hundred pl of PD 2 buffer was
added to cells and mixed gently by inverting the tubes 10 times, then were incubated at
room temperature for 2 minutes or until the lysate was homologous. Next, 300 pl of
PD 3 buffer was added and mixed immediately by gently inverting the tubes 10 times,
then microcentrifuge for 3 minutes. Supernatant was loaded onto PD column and
microcentrifuge the column for 30 seconds, then the flow-through was discarded and
the column was placed back in the tube. Four hundred pl of W 1 buffer was added to
the column and microcentrifuge for 30 seconds, then the flow-through was discarded
and the column was placed back to the tube. Six hundred pl of Wash buffer was added
and microcentrifuge for 30 seconds, then the flow-through was again discarded and

the column was placed back to the tube and microcentrifuge again for 3 minutes to dry
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the column. The dried column was transferred to a new microcentrifuge tube. Fifty pl
of elution buffer or TE was added into the center of the column, let stand for 2
minutes, microcentrifuge for 2 minutes for DNA elution. Finally, purified plasmid was

contained in elution tubes.

5.2 Restriction enzyme analysis

In order to find transformant clones, which carried
recombinant plasmid, restriction analysis was performed with EcoRI digestion.
StrataClone™ PCR cloning vector pSC-A-amp/kan contains EcoRI flanked PCR
product insertion site (Fig. 4.12), which used for screening the clones with specific
insert orientation. EcoRI digestion was performed with the following reaction (Table
4.11).

Table 4.8 Recipe for digestion reaction for EcCoRI enzyme

Reagents Volume (ul)
10x buffer 1
EcoRl 1
Recombinant plasmid 4
Sterile water 4

The digestion reaction was incubated at 37°C for 18 hours. The reaction
was stopped by heat inactivation at 65 °C for 20 minutes and observed fragment sizes

by agarose gel electrophoresis.

+1 Apall Hinc Il
- B-gal a-frugment EcoO109 | Acc |
» Kpn | Dra Il Yho | Sall

[ = | | | |

GGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGGT CGAC. . .

M13 Reverse primer binding site T3 primer binding site
Bspl 061
(‘:\a 1 Hind ll EcoRV EcoR | {non-unique) EcoR | {non-unique) Pstl Smal

| | | | |
. .GGTATCGATAAGCTTGATATCCACTGTGGAATTCGCCCTT | PCR Product | AAGGGCGAATTCCACATTGGGCTGCAGCCCGGG. . .

llicmH | ?pe| )lﬂbq | r‘JorI lSac ] ?ucl

..GGATCCACTAGTTCTAGAGCGGCCGCACCGCGGGAGCTCCAATTCGCEPTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAA
T7 primer binding site M13 20 primer binding site

Figure 4.4 pSC-A-amp/kan PCR cloning vector used in cloning experiment
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5.3 DNA sequencing and BLAST sequence analysis

The purified plasmid was performed DNA sequencing by
using M13 universal sequencing primer. The sequencing data was checked for the
quality, i.e., purity, signal before submitting to GenBank database

(http://ncbi.nlm.nih.gov).

Plasmid profile study
Plasmids of Salmonella spp. and E. coli were extracted by using alkaline
lysis miniprep (129) and followed by restriction enzyme analysis. A preparation of

alkaline lysis solution I, I, and I11 was described in appendix.

Reagents used in alkaline lysis miniprep

- BHI agar medium containing appropriate antibiotic

Plasmid-containing bacterial colonies

Alkaline lysis buffer I

Alkaline lysis buffer 11
Alkaline lysis buffer I11
95% and 70% ethanol
TE buffer

Procedure

1. Single bacterial colony was inoculated into 5 ml BHI broth and grown
overnight at 37°C.

2. One and a half ml of cells were centrifuged, vortex at maximum speed
for 20 sec and then discarded supernatant.

3. Pellet was resuspended in 100 pl alkaline lysis buffer | with RnaseA
solution and then let sit 5 minutes at room temperature.

4. Two hundred pl of freshly prepared alkaline lysis buffer Il was added
and mixed by tapping tube with finger and placed on ice for 5 minutes.

5. One hundred and fifty ul of alkaline lysis buffer 111 was added, vortex 2

sec to mix and returned to ice for 5 minutes.
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6. Tubes were centrifuged for 3 minutes and then supernatants were
transferred to fresh tubes.

7. Eight hundred pl of 95% ethanol was added and let sit at room
temperature for 2 minutes.

8. Tubes were centrifuged for 1 minute at room temperature, supernatant
was discarded then pellet was washed with 1 ml of 70% ethanol and let dry under
vacuum.

9. Pellet was resuspended in 30 pl of TE buffer and stored at 4°C for short
term or -20°C or -70°C for long term storage.

Multilocus sequence typing (MLST) for characterization of
Salmonella isolates

Salmonella isolates in this study were typed by using multi locus
sequencing typing method (MLST). MLST examines alleic profile from selected gene
by sequencing of the selected genes. PCR amplification was carried out with specific
primers and conditions according to described in MLST database
(http://mist.ucc.ie/mlst/dbs/Senterica).

Seven housekeeping genes used for MLST for Salmonella
thrA (aspartokinase+homoserine dehydrogenase)
purk (phosphoribosylaminoimidazole carboxylas)
sucA (alpha ketoglutarate dehydrogenase)
hisD (histidinol dehydrogenase)
aroC (chorismate synthase)
hemD (uroporphyrinogen 111 cosynthase)

dnaN (DNA polymerase Il beta subunit)

PCR amplification
For all seven housekeeping genes, PCR amplification was performed with

the following cycling parameters: initial denaturation at 94°C for 5 minutes followed
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by 30 cycles of denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds
and extension at 72°C for 30 seconds, with final extension at 72°C for 7 minutes. The
PCR products were analyzed by electrophoresis in 1% agarose gel containing 1X TBE
buffer. 1 kb plus DNA ladder was used as a marker. Recipe for PCR amplication was
shown in Table 4.12. The primer sequences and an expected PCR product size in each
gene were shown in Table 4.13.

Table 4.9 Recipe of PCR reaction of MLST for Salmonella (total volume 50 pl)

Reagent Volume (ul)
MilliQ water 42
10X buffer (with MgCl,) 5
10 mM dNTP 1
Forward primer (100 pM) 0.25
Reverse primer (100 uM) 0.25
DyNAzyme Tag polymerase 0.50
Template DNA 1
Total 50

Table 4.10 Primer sequences and an expected PCR product size of 7 housekeeping

genes used for perform MLST of Salmonella

Primer name Primer sequences Product size
(bp)
thrA F5-GTCACGGTGATCGATCCGGT-3' 852
R 5-CACGATATTGATATTAGCCCG-3'
purg F5-ATGTCTTCCCGCAATAATCC-3' 510
R5-TCATAGCGTCCCCCGCGGATC-3'
SUCA F 5-AGCACCGAAGAGAAACGCTG-3 643
R5-GGTTGTTGATAACGATACGTAC-3'
hisD F 5-GAAACGTTCCATTCCGCGCAGAC-3' 894
R5-CTGAACGGTCATCCGTTTCTG-3'
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Primer name Primer sequences Product size
(bp)

aroC F5-CCTGGCACCTCGCGCTATAC-3' 826
R 5-CCACACACGGATCGTGGCG-3'

hemD F5-ATGAGTATTCTGATCACCCG-3' 666
R 5-ATCAGCGACCTTAATATCTTGCCA-3

dnaN F5-ATGAAATTTACCGTTGAACGTGA-3' 833
R5-AATTTCTCATTCGAGAGGATTGC-3'

PCR product clean up
All PCR products were performed a PCR clean up (Gel/PCR DNA
Fragments Extraction Kit, Geneaid) in order to remove an excess dNTP, primer, and

other unwanted fragments prior submitting for DNA sequencing.

Procedure

1. Up to 100 pl of a reaction product was transferred to a 1.5
ml microcentrifuge tube.

2. Five volume of DF buffer was added to 1 volume of sample
and mixed by vortex.

3. DF column was placed in a 2 ml collection tube and the
sample mixture from previous step was transferred to the DF column, centrifuged at
15,000 x g for 30 sec.

4. Flow-through was discarded and the DF column was placed
and backed in the 2 ml collection Tube.

5. Six hundred pl of Wash Buffer (ethanol added) was added
into the center of the DF column and let stand for 1 minute.

6. Tubes were centrifuged at 15,000 x g for 30 seconds,
discarded the flow-through. The DF column was placed back in the 2 ml collection
tube and centrifuged again for 3 minutes at 15,000 x g to dry the column matrix.

7. Dried column was transferred to a new tube.
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8. Twenty to fifty pl of Elution Buffer or TE was added into
the center of the column matrix and let stand for at least 2 minutes to ensure the
Elution Buffer was completely absorbed by the matrix.

9. Tubes were centrifuged for 2 minutes at 15,000 x g to elute
the purified DNA.

Dot blot hybridization

The presence of intl1 in Salmonella and E. coli were confirmed by dot blot
hybridization. PCR product with specific primer to intl1 was used for making intll
probe and labeled by using High Prime DNA Labeling Kit (Roche Applied Science)
according to manufacturer’s instruction. DNA was denatured by using alkaline
solution and heat and then blotted onto positively charge nylon membrane. Blotted
DNA was then hybridized with specific probe and washed excess solution using
stringency solution. Detection was done by using CDP-star detection module

(Amersham Pharmacia Biotech).

Materials and Reagents

1. Fluorescein-labeled probe DNA

2. Prehybridization buffer: 1/20 dilution of liquid block solution, 5X
SSC, 0.1% SDS solution.

3. Hybridization buffer: Prehybridization with labeled probe.
. 20X SSC: 0.3 M trisodium citrate, 3 M NaCl, pH 7.0.
. Stringency solution I: 1X SSC, 0.1% (w/v) SDS.
. Stringency solution 11: 0.5X SSC, 0.1% (w/v) SDS.
. Buffer A: sterile 200 mM Tris-HCI, pH 9.5, 300 mM NacCl.

. Liquid block solution.

© 00 N o o b~

. Bovine serum albumin (BSA).

10. Tween 20.

11. Antifluorescein antibody/alkaline phosphatase conjugate.
12. CDP-Star detection reagent.

13. Whatman 3MM paper.
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14. Saran wrap.

15. Forceps.

16. Autoradiography film.

17. X-ray film cassette: Hypercassette from Amersham Pharmacia
Biotech.

Probe labeling

Fluorescein-labeled DNA probe was generated with Fluorescein-High
Prime (Roche Applied Science) according to the "random primed" labeling technique.
The complementary DNA strand is synthesized by Klenow polymerase using the 3'OH
termini of the random oligonucleotides as primers. Fluorescein-12-dUTP is incorpo-
rated into the newly synthesized complementary DNA strand. Fluorescein-High Prime
Kit contains random oligonucleotides, Klenow polymerase, fluorescein-12-dUTP,
dATP, dCTP, dGTP, dTTP, and an optimized reaction buffer concentrate in 50%
glycerol.

Procedure

1. One pg of template DNA was added to a reaction vial and
bring to a final volume of 16 ul with distilled water.

2. DNA was denatured by heating in a boiling water bath for
10 min and chilling quickly in an ice/water bath.

3. Fluorescein-High Prime was mixed thoroughly and 4 ul was
added to the denatured DNA. Reaction vial was mixed, centrifuged briefly, and
incubated for 1 h or O/N at 37° C.

4. Reaction was stopped by adding 2 pl of 0.2 M EDTA (pH
8.0) and/or by heating to 65° C for 10 min.

DNA blotting

1. A strip of positively charge nylon membrane was cut to the desired size
and marked out a grid of 0.5 cm x 0.5 cm squares with a blunt pencil.

2. Membrane was wet in distilled water, allowed to submerge, and left for

10 minutes.
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3.1 M NaOH and 200 mM EDTA, pH 8.2 was added to each sample to
give a final concentration of 0.4 M NaOH/10 mM EDTA then heat 100°C for 10
minutes.

4. The wet membrane was placed over the top of an open plastic box so
that the bulk of the membrane was freely suspended.

5. Each sample was spun for 5 sec, then 2ul of DNA was blotted onto
membrane by using pipette and allow the membrane to dry.

6. Membrane was rinsed briefly in 2X SSC and allowed to dry.

7. Membrane was stored between sheets of Whatman 3MM filter paper for
several months at room temperature. For long-term storage, the membrane was placed

in a desiccator at room temperature or 4°C.

Hybridization and detection

1. Thirty ml of prehybridization buffer was added and incubated at 60°C
(2-4 hours) with rotating.

2. Prehybridization was discarded. Thirty ml of hybridization buffer,
which pre-heated at 100°C for 20 minutes, was immediately added and incubated at
60°C overnight.

3. Fifty ml of stringency solution | was added and incubated at 60°C for
15 min.

4. Fifty ml of stringency solution 11 was added and incubated at 60°C for
15 min.

5. Thirty ml of blocking solution was added and rotated at RT for 1 h.

6. Thirty ml of antifluorescein antibody/alkaline phosphatase conjugate
was added and rotated at room temperature for 1 hour.

7. Membrane was washed by using 0.3% Tween 20 for 3 times with 10
min each.

8. Membrane was placed on saran wrap.

9. CDP-Star detection reagent was added and left for 2 minutes.

10. Membrane was placed on new saran wrap.

11. Edge of membrane was sealed and exposed to x-ray film.
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Randomly amplified polymorphic DNA (RAPD) PCR

RAPD-PCR is a PCR amplification of genomic DNA by using arbitrary
primer, which can bind ramdomly throughout genomic DNA. It is used to determine
genetic relatedness among individuals from specific patterns given by using random
primer. In this study, primer name R018 (5" GTA TTG CCC T 3') was used to perform
PCR with the following cycling parameters: initial denaturation at 94°C for 5 minutes
followed by 30 cycles of denaturation at 94°C for 1 minute, annealing at 42°C for 30
seconds and extension at 72°C for 1 minute, with final extension at 72°C for 7
minutes. The PCR products were analyzed by electrophoresis in 1% agarose gel
containing 1X TBE buffer. 1 kb plus DNA ladder was used as a marker. Recipe for
RAPD-PCR is shown in Table 4.14.

Table 4.11 Recipe for RAPD-PCR by using R018 primer

Reagent Volume (ul)
MilliQ water 18.25
10X buffer (with MgCl,) 2.5
25 mM MgCl, 2
10 mM dNTP 0.5
R018 primer (100 uM) 0.25
DyNAzyme Tag polymerase 0.5
Template DNA 1
Total 25

Discriminatory power of RAPD-PCR was calculated according to Hunter

and Gaston’s formula (130) with the following equation:

S

1
Dp=1-—— n;(n;—1)
N{N—l); ’
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Where N is the total number of strains in the sample population, s is the
total number of types described, and nj is the number of strains belonging to the jth
type. This formula was also used for calculation the discriminatory power of

serogrouping and serotyping.

Conjugation experiment

Minimum inhibitory concentration (MIC) of ampicillin and

norfloxacin by microdilution broth method

Reagents and materials

1. Cation-Adjusted Muller Hinton Broth (CAMHB)
2. Peptone broth or 0.85% NacCl

3. Antibiotic powders

4. 96 well microtiter plate

Procedure

1. Prepare stock solution of antibiotics and perform two fold dilution to the
desired concentrations using CAMHB. Norfloxacin and ampicillin were dissolved in
distilled water with drops of 0.1 M NaOH and phosphate buffer saline pH 8.0,

respectively. The stock solution can be prepared by using the following formula.

W=1000xV xC
P

P = Potency given by the manufacturer in relation to the base
V = Volume in ml required
C = Final concentration of solution

W = Weight of antimicrobial agent to be dissolved in volume V
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2. Inoculum was prepared by suspending overnight cultured bacteria in
peptone broth or 0.85% Nacl and adjusted to 0.5 McFarland standard (10® CFU/mI).
Then suspension was diluted 1:10 to yield 10" CFU/ml.

3. In each well, 100 pl of each antibiotics dilutions were mixed with 5 pl
of adjusted bacterial suspensions (final concentration 10° CFU/ml).

4. Plates were incubate at 35 °C for 18 hrs and determined MIC value by
observing the lowest concentration that can completely inhibit bacterial growth (clear
solution in the well). The results were interpreted according to CLSI 2010 (146), and
shown in Table 4.15.

5. E. coli ATCC 25922 was used as a quality control strain. Negative
control was CAMHB containing antibiotics. An acceptable range MIC of E. coli
ATCC 25922 against ampicillin and norfloxacin are 2-8 pg/ml and 0.03-0.12 pg/ml,

respectively.

Table 4.12 MIC interpretation of Enterobacteriaceae

Antibacterial agent MIC (ug/ml) interpretation
Susceptible Intermediate Resistant
Ampicillin <8 16 >32
Norfloxacin <4 8 >16

Mating experiment

Donor (integron harboring isolates) and recipient (laboratory strain) were
grown separately in 3 ml of BHI broth at 37 °C in shaking incubator. Cell suspensions
of donor and recipient were mixed at various donor:recipient ratio, e.g., 1:1, 1.5, 1:10.
Then, mixture of suspension was then incubated overnight at 37 °C in shaking
incubator. 40 pl of suspensions were spread on MacConkey agar containing
appropriate antibiotics. The colonies of transconjugants were observed and
investigated further for horizontal transferring of resistance genes, e.g., plasmid profile
analysis, PCR for detection the presence of integron, and antibiotic susceptibility

pattern.
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CHAPTER V
RESULTS

Prevalence of Salmonella spp. and E. coli in raw chicken meat from

supermarkets in Bangkok

From a total of 200 raw chicken meats, E. coli was detected in 106 of 200
samples (53%) (Table 5.16). The prevalence of E. coli, from higher to lower, were
distributor 3, 56.00% (28/50), distributor 2, 54.10% (33/61), distributor 1, 52.39%
(22/42), and distributor 4, 48.94% (23/47) (Fig. 5.13). Based on the prevalence of E.
coli according to collection places, Lotus Bangkuntien exhibited the highest
prevalence followed by Lotus Pinklao, Tops Central Pinklao, Golden Place, Tang Hua
Seng, Lotus Pata Pinklao, and Wanglang market, at the rate of 66.67% (4/6), 60%
(21/35), 55.88% (38/68), 54.55% (18/33), 45.95% (17/37), 40% (8/20), 0% (0/1),
respectively (Fig. 5.14). Salmonella spp. was detected in 14 of 75 samples (18.67%)
(Table 5.16). The prevalence of Salmonella spp., from higher to lower, were
distributor 2, 30% (3/10), distributor 1, 23.08% (6/26), distributor 3, 14.29% (3/21),
and distributor 4, 11.11% (2/18) (Fig. 5.13). Lotus Pinklao exhibited the highest
prevalence of Salmonella spp. 30% (3/10) among collection places followed by
Golden Place 20% (2/10), and Tops Central Pinklao 19.15% (9/47), which Lotus Pata

Pinklao, Lotus Bangkuntien, and Wanglang market were not examined (Fig. 5.14).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Microbiology) / 65

Table 5.1 Prevalence of E. coli and Salmonella spp. in sealed packages of chicken
meat from supermarkets in Bangkok, Thailand and identification of class 1 integron by
PCR

Prevalence Integrase (intll)
Salmonella spp. 18.67% (14/75)* 42.86% (6/14)
E. coli 53% (106/200) 37.74% (40/106)

* Prevalence of Salmonella spp. in this study was calculated from total of 75

samples.
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Figure 5.1 Prevalence of Salmonella spp. and E. coli from raw chicken meats

according to distributors
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Figure 5.2 Prevalence of Salmonella spp. and E. coli from raw chicken meats

according to collection places*

* Samples from Lotus Pata Pinklao, Lotus Bangkuntien, and Wanglang

market were not examined in Salmonella prevalence determination.

Serotyping and Serogrouping of Salmonella isolates

Salmonella serogroup B was the most frequent serogroup (6 isolates) in
this study followed by serogroup C (4 isolates), unidentified serogroup (3 isolates),
and serogroup E (1 isolate). Serotype Kedougou (2 isolates), Saintpaul (2 isolates),
Schwarzengrund (1 isolate), Agona (1 isolate), Orion (1 isolate), 4,12,27:d:- (1 isolate)
Manhattan (1 isolate), Albany (2 isolates), Kiambu (1 isolate), and Altona (2 isolates),

were identified in this study.
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Determination of coliform bacteria by most probable number method
(MPN method)

A total of 60 raw chicken meats were determined for the presence of total
coliform bacteria. By using MPN technique, 56.66% of the samples (34/60) were an
unacceptable quality according to the criteria of Department of Medical Sciences,
Ministry of Public Health (Total coliform < 500/gram of sample). MPN values range
from <3 to 46,000 and MPN value of 360 was the most frequent value (7 samples).

Antibiotic resistance profile of Salmonella and E. coli

Most of E. coli isolates showed resistance to ampicillin (72.34%),
tetracycline (48.48%), gentamicin (38.30%), and cephalothin (27.66%), with no
extended spectrum B-lactamase (ESBL) phenotypes were found (Table 5.17). None of
E. coli isolates exhibited resistance to cefotaxime, ceftriaxone, ceftazidime, cefepime,
imipenem, meropenem, ertapenem, and amikacin. For Salmonella, most of isolates
exhibited resistance to ampicillin (78.57%), gentamicin (71.43%), and tetracycline
(21.43%) (Table 5.18). None of Salmonella isolates exhibited resistance to
amoxicillin/clavulanic acid, cephalothin, cefuroxime, cefotaxime, ceftriaxone,
ceftazidime, cefepime, imipenem, meropenem, ertapenem, ciprofloxacin, levofloxacin,
and amikacin. Resistance to fluoroquinolone was found only in E. coli at the rate of
10.64%. Multidrug resistant phenotype (resistance to three classes of antibiotics) was
also found in both Salmonella and E. coli isolates. Comparison of antibiotic resistance
profile of Salmonella and E. coli was demonstrated in Fig. 5.15. In Salmonella spp.,
resistance pattern against ampicillin and gentamicin was the most commonly found
(10 isolates) followed by ampicillin, gentamicin, and tetracycline (3 isolates). In E.
coli, resistance pattern against ampicillin, gentamicin, and tetracycline was the most
commonly found (8 isolates) followed by ampicillin, cephalothin, and gentamicin

(3 isolates), ampicillin, ciprofloxacin, levofloxacin, and gentamicin (2 isolates).



Chaiyaporn Chaisatit Results / 68

Table 5.2 Antibiotic susceptibility of 14 Salmonella spp. isolated from chicken meat
from supermarkets in Bangkok by disk diffusion method

o ) Percentage (%)
Antimicrobial agents

Susceptible Intermediate Resistance
Ampicillin 21.43 - 78.57
Amoxicillin/clavulanic
cid 92.86 7.14 -
Cephalothin 100 - -
Cefuroxime 100 - -
Cefotaxime 100 - -
Ceftriaxone 100 - -
Ceftazidime 100 - -
Cefepime 100 - -
Imipenem 100 - -
Meropenem 100 - -
Ertapenem 100 - -
Ciprofloxacin 100 - -
Levofloxacin 100 - -
Gentamicin 28.57 - 71.43
Amikacin 100 - -
Trimethoprim-
sulphamethoxazole 8298 ] 1702
Tetracycline 78.57 - 21.43
Chloramphenicol ND ND ND

ND = not determine
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Table 5.3 Antibiotic susceptibility of 46 E. coli isolated from chicken meat from
supermarkets in Bangkok by disk diffusion method

o ) Percentage (%)
Antimicrobial agents

Susceptible Intermediate Resistance
Ampicillin 23.4 4.26 72.34
Amoxicillin/clavulanic
cid 68.09 25.53 6.38
Cephalothin 38.3 34.04 27.66
Cefuroxime 95.74 2.13 2.13
Cefotaxime 100 - -
Ceftriaxone 100 - -
Ceftazidime 100 - -
Cefepime 100 - -
Imipenem 100 - -
Meropenem 100 - -
Ertapenem 100 - -
Ciprofloxacin 89.36 - 10.64
Levofloxacin 89.36 - 10.64
Gentamicin 61.7 - 38.30
Amikacin 100 - -
Trimethoprim-
sulphamethoxazole 9280 ] 144
Tetracycline* 51.52 48.48
Chloramphenicol** 75.86 6.90 17.24

* A total of 33 samples were used to calculate the percentage of tetracycline susceptibility

** A total of 29 samples were used to calculate the percentage of chloramphenicol susceptibility



Chaiyaporn Chaisatit Results / 70

Percentage of resistance

90
80

70 -

60 -

50 -

40 -

30 A

20 - I

10 -

Nl N

AM AMC CF CXM CIP LEV GM SXT TE

B Salmonella
B E coli

Figure 5.3 A Comparison of percentage of antibiotic resistance between Salmonella

spp. and E. coli

AM = ampicillin, AMC = amoxicillin/clavulanate, CF = cephalothin, CXM

cefuroxime, CIP = ciprofloxacin, LEV = levofloxacin, GM = gentamicin, SXT

trimethoprim/sulfamethoxazole, TE = tetracycline
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Class 1 integron determination

Prevalence of intl1 by using PCR amplification

Salmonella and E. coli isolates were screened for the presence of class 1
integron by using PCR with specific primers to intl1. An expected PCR products size
is 471 bp (Fig. 5.16). Integron harboring Salmonella and E. coli were found 42.86%
(6/14) and 37.74% (40/106), respectively (Table 5.16).

Identification of resistance cassettes inserted in class 1 integron

Integron carrying isolates, characterized by showing positive result for
PCR amplification using intl1 primer, were identified for resistance cassettes by using
PCR with specific primer to 5'CS and 3'CS followed by DNA sequencing. The isolates
were selected based on antibiotic resistance pattern by disk diffusion, which isolates
that exhibited large scale of resistance were selected. Firstly, two E. coli isolates, E9
and E12, which exhibited resistance to a variety class of antibiotics (E9 resisted to -
lactam, fluoroquinolones, and aminoglycosides, E12 resisted to fluoroquinolones,
aminoglycosides, and trimethoprim-sulfamethoxazole), were selected. Both E9 and
E12 showed multiple bands in PCR amplification (Fig. 5.17). PCR products were then
cloned to plasmid vector StrataClone™ PCR cloning vector pSC-A-amp/kan. Plasmids
containing PCR products were then verified and determined an insert orientation by
using EcoRlI restriction analysis (Fig. 5.21). Resistance cassettes of E9, 1 kb and 700
bp PCR products, were aadA23 (accession humber FN252409) and dfrA5 (accession
number GU562437), respectively. E12 was found to carry aadA4 (accession number
FQ482074) from 850 bp of PCR product. Salmonella Kedougou, Sall62 which
showed resistance ampicillin, gentamicin, and tetracycline, was also selected. One kb
PCR product of Sal162 matched well with aadA22 (accession number AB434537).
Integrase negative isolates were also characterized and some of integrase negative
isolates (E17 and Sal130) were also found to carry resistance genes. Interestingly, E17
was found to carry InuF from 500 bp of PCR product while Sal130 carried AaadA22
and InuF from 650 bp of PCR product (accession number EU118119) (Fig. 5.18).
Surprisingly, InuF, which conferred lincosamide resistance, was found among Gram-

negative bacteria. Features of characterized E. coli and Salmonella were summarized
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in Table 5.19. The PCR products of other integron carrying isolates were shown in
Fig. 5.19 and Fig. 5.20. The PCR products were analyzed further by restriction
enzyme analysis. The digested PCR products with Afal enzyme was shown in Fig.
5.19. Finally, the nucleotide sequence analysis of 3 completed resistance cassettes,
which indicated primer binding site, core site, open reading frame of resistance

cassettes, and inverse core site, were shown in Fig. 5.22-5.24.

Figure 5.4 PCR with specific primers to intl1l generate 471 bp of PCR product. Lane
M, 1 kb plus DNA ladder; Lane 1-4, samples; Lane 5, positive control, PA 67

Pseudomonas aeruginosa carrying blajue-1s; Lane 6, negative control
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2,000 bp

Figure 5.5 PCR using 5' CS and 3' CS primers of two E. coli isolates, E9 and E12.
Lane M, 1 kb plus DNA ladder; Lane 1 E. coli E9; Lane 2, E. coli E12; Lane 3, PA 67
Pseudomonas aeruginosa possessed integron carrying 1,897 bp PCR product of

blajvp-15 Was used as positive control; Lane 4, negative control
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Figure 5.6 PCR using 5' CS and 3' CS primers of E. coli and Salmonella. Lane M, 1
kb plus DNA ladder; Lane 1 E. coli E17; Lane 2, Salmonella Sal130; Lane 3,

Salmonella Sal162; Lane 4, negative control
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Figure 5.7 (A and B) PCR with specific primer to 5'CS-3'CS (left) and digested PCR
products pattern with Afal enzyme. For the left side of Fig. A, Lane M, 1 kb plus DNA
ladder; Lane 1, E9; Lane 2, E12; Lane 3, E29; Lane 4, E30; Lane 5, E38; Lane 6, E46;
Lane 7, E60; Lane 8, E66; Lane 9, E72; Lane 10, E74; Lane 11, negative control. For
the left side of Fig. B, Lane M, 1 kb plus DNA ladder; Lane 1, E97; Lane 2, E104;
Lane 3, E106; Lane 4, E110; Lane 5, E112; Lane 6, E114; Lane 7, E119; Lane 8§,
E123; Lane 9, E134; Lane 10, E135; Lane 11, negative control. For the right side,
Lane M, 1 kb plus DNA ladder; Lane 1-10, digested PCR products with Afal enzyme
of Lane 1-10 of the left picture.
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Figure 5.8 PCR with specific primers to 5' CS-3' CS of 6 integron carrying Salmonella
isolates. Lane M, 1 kb plus DNA ladder; Lane 1, Sal 143; Lane 2, Sal 145; Lane 3, Sal
162; Lane 4, Sal 165; Lane 5, Sal 178; Lane 6, Sal 180; Lane 7, negative control
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Figure 5.9 Identification of tranformants, which carried recombinant plasmids by

EcoRlI digestion analysis. Lane M; 1 kb plus DNA ladder, Lane 1, 3, 5 Undigested
plasmid; Lane 2, 4, 6 EcoRlI digested plasmids
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Figure 5.10 Nucleotide sequence analysis of class 1 integron containing aadA23 in

E9. Primer binding site, core site, and inverse core site were indicated. An open

reading frame of aadA23 was shown in red bar
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Figure 5.11 Nucleotide sequence analysis of class 1 integron containing dfrA5 in E9.

Primer binding site, core site, and inverse core site were indicated. An open reading

frame of dfrA5 was shown in red bar
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Figure 5.12 Nucleotide sequence analysis of class 1 integron containing aadA22 in
Sall62. Primer binding site, core site, and inverse core site were indicated. An open

reading frame of aadA22 was shown in red bar.
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Table 5.4 Summary features of characterized Salmonella and E. coli carrying class 1

integron in this study

intll 5'CS- Resistance Resistance Accession Source™
3'CS cassette (s) phenotype  number
E9 (E. coli) + 1 kb aadA23 AM, CIP, FN252409  Swine
LEV, GM holding
pen from
Brazil
E9 (E. coli) + 700 bp dfrA5 AM, CIP, GU562437  Animal
LEV, GM from
Australia
E12 + 850bp aadA4 CIP, LEV, FQ482074 -
(E. coli) GM, SXT
E17 - 500 bp InuF AM, CF, EU118119 -
(E. coli) GM
Sal130 - 650bp AaadA2, AM, GM EU118119 -
(S. Kedougou) InuF
Sall162 + 1 kb aadA22 AM, GM, AB434537 Cheese
(S. Kedougou) TE from
Egypt

Y The integron database at http:/integrall.bio.ua.pt/

AM = ampicillin, CF = cephalothin, GM = gentamicin, CIP = ciprofloxacin, LEV =

levofloxacin, SXT = trimethoprim-sulfamethoxazole, TE = tetracycline


http://integrall.bio.ua.pt/

Chaiyaporn Chaisatit Results / 82

Prevalence of intl1 by using Dot blot hybridization technique

Considering the results of resistance cassettes identified in integrase
negative bacteria (E 17 and Sal 130), indicated either low sensitivity of detection by
using PCR or a diverse sequences of intll among species. Therefore, dot blot
hybridization by using intl1l specific probe was used to confirm the PCR results. Dot
blot hybridization, which could detects 61 from 106 of E. coli isolates (57.55%),
yielded higher detection compared with PCR test (37.74%). The equality of detection
was found in Salmonella, which could detects 6 from 14 Salmonella isolates (42.86%).
In characterized integrase negative bacteria (E 17 and Sal 130), dot blot hybridization
can detect one of these isolate (E 17), but another (Sal 130) cannot be detected (Fig.
5.25). Comparison of intl1 detection between intl1 and dot blot hybridization was
shown in Table 5.20. Even though dot blot hybridization emphasizes a low sensitivity
of PCR method, the failure of detection by dot blot hybridization was found in 5 PCR
positive isolates, i.e., E183, E186.2, Sal145, Sal178, and Sal180.
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Figure 5.13 Dot blot hybridization of Salmonella and E. coli by using intl1 specific
probe. Solid-lined box represents E17 and dashed box represents Sal130. Positive
control and negative control are shown as indicated by arrow heads
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Table 5.5 Comparison of intl1 detection between PCR and dot blot hybridization

Strain PCR for Dot blot Strain PCR for Dot blot
intl hybridization intl hybridization
E2 - + E69 - -
E3 - - E70 - +
E4 - - E71 - +
E5 - - E72 + +
E6 - - E73 - -
ES8 - - E74 + +
E9 + + E78 - +
Ell - - E79 - -
E12 + + E89 - -
E13.1 - - E93 - -
E13.2 - - E97 + +
El14.1 - - E99 - +
E14.2 - - E104 + +
E14.3 - - E106 + +
E14.4 - - E107 - +
E15.1 - + E108 - +
E15.2 - + E109 - -
E16 - - E110 + +
E17 - + E111 - -
E29 + + E112 + +
E30 + + E113 - -
E31 - - E114 + +
E32 - + E116 - -
E38 + + E119 + +
E42 - + E122 - +
E43 - - E123 + +
E44 - + E124 - +
E46 + + E126 - -
E47 - - E127 - -
E48 - E129 - +
E53 - + E131 - -
E54 - - E132 - +
E55 - - E134 + +
E57 - + E135 + +
E59 - - E136 + +
E60 + + E137 + +
E61 - - E138.1 - -
E62 - - E138.2 - -
E66 + + E140 - -
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Strain PCR for Dot blot Strain PCR for Dot blot
intl hybridization intl hybridization
E141 + + S160 - T

E142 - - S162 + +
E144 - - S164 - -
E146 - + 5165 +
E148 - - S178 + -
E149 + + 5180 +
E150 - - 5186 - -
E151.1 - - S190 - -
E151.2 - - S193 - -
E153
E154
E156 -
E157 +
E158 -
E159 +
E162 +
E166 +
E167 -
E169 +
E171 -
E172 -
E173
E181
E182 - -
E183 +
E186.1 - -
E186.2 + -
E187 - -
E190 - -
E191
E192
E193 - -
E196
E197
E198 - -
E200 + +
S130 - -
S138 -
S143
S145
S154 - +

|+ |||+ +

4+ |+ +
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Plasmid profile study

Although integron was not a mobilizable platform, It was shown to be
associated with other mobile genetic elements, e.g., plasmid and transposon. This
study investigated the role of plasmid in integron carrying bacteria by performing
plasmid profile study. From a total of 33 integron carrying E. coli, 25 plasmid patterns
were found (Fig. 5.26 and Fig. 5.27). The same plasmid patterns were found in both E.
coli isolates collecting from the same place and different places (Lane 1 and Lane 9
were E. coli that collected from different places, Lane 7 and Lane 8 were E. coli that
collected from the same place) (Fig. 5.26). For Salmonella, The unique plasmid

pattern was demonstrated among 6 integron carrying Salmonella (Fig. 5.28).
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Figure 5.14 Plasmid profile of E. coli carrying integron isolated from chicken meats.
Lane M, 1 kb plus DNA ladder; Lane 1, E60; Lane 2, E123; Lane 3, E134; Lane 4,
E166; Lane 5, E169; Lane 6, E173; Lane 7, E181; Lane 8, E183; Lane 9, E186.2
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Figure 5.15 Plasmid profiles of other E. coli carrying integron isolates. In Fig. A,
Lane M, 1 kb plus DNA ladder; Lane 1, E9; Lane 2, E12; Lane 3, E123; Lane 4, E134;
Lane 5, E166; Lane 6, E169; Lane 7, E173; Lane 8, E181; Lane 9, E183; Lane 10,
E186.2; Lane 11, E119; Lane 12, E191; Lane 13, E192; Lane 14, E196; Lane 15,
E197; Lane 16, E200. In Fig. B, Lane M, 1 kb plus DNA ladder; Lane 1, E29; Lane 2,
E97; Lane 3, E104; Lane 4, E110; Lane 5, E112; Lane 6, E114; Lane 7, E135; Lane 8,
E136; Lane 9, E137; Lane 10, E141; Lane 11, E149; Lane 12, E153; Lane 13, E154;
Lane 14, E157; Lane 15, E159; Lane 16, E162.
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Figure 5.16 Plasmid profiles of 6 Salmonella carrying integron isolates and their
restriction enzyme analysis. Lane M, 1 kb plus DNA ladder; Lane 1, Sal143; Lane 2,
Sall145; Lane 3, Sall162; Lane 4, Sal165; Lane 5, Sal178; Lane 6, Sal 180; Lane 7-12,
EcoRI digested products plasmid of Sall43, Sall45, Sall62, Sall65, Sall78, and
Sal180, respectively
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RAPD-PCR of Salmonella isolates

Salmonella isolates in this study were typed by using antibiotic resistance
profiles, serotype, serogroup, and plasmid profiles with an additional molecular typing
method, RAPD-PCR. RAPD-PCR is a simple PCR-based technique that can be used
to discriminate between strains. We used RAPD-PCR to determine genetic relatedness
among Salmonella isolates in combination with other methods. A total of 9 RAPD
patterns were found among 14 Salmonella isolates by using R018 primer (Fig. 5.29).
The same RAPD patterns were pattern I, II, 111, and IX. We investigated further by
gathering these typing results together. Three out of four repetitive RAPD patterns
(pattern 1, 11, and 1X) showed well correlation with serogrouping and serotyping
results (Table 5.21). Moreover, the well correlated strains was collected at different
times. The discriminatory index of RAPD-PCR, serotyping, and serogrouping were
calculated according to Hunter and Gaston’s formula in which the higher
discriminatory power, the closer to discriminatory power of 1. The RAPD-PCR
identified 9 distinct groups consisting of 3 strains in group 1, 2 strains in group 2, 3,
and 9, and 1 strain in the remaining groups. Serogrouping identified 4 distinct groups
consisting of 3 strains in group 1, 6 strains in group 2, 1 strain in group 3, and 4 strains
in group 4. Serotyping identified 10 distinct groups consisting of 2 strains each in 4
groups and 1 strain each in 6 groups. The discriminatory index according to Hunter
and Gaston’s formula of RAPD-PCR, serotyping, and serogrouping was 0.934, 0.956,
and 0.736, respectively.
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Figure 5.17 RAPD-PCR of Salmonella isolates. Lane M, 1 kb plus DNA ladder; Lane
1, Sal130; Lane 2, Sal138; Lane 3, Sal143; Lane 4, Sal145; Lane 5, Sall154; Lane 6,
Sall60; Lane 7, Sal162; Lane 8, Sall64; Lane 9, Sall65; Lane 10, Sal178; Lane 11,
Sall80; Lane 12, Sall86; Lane 13, Sal190; Lane 14, Sall193; Lane 15, negative

control.
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Table 5.6 Relationship of Salmonella isolates demonstrated by various typing
methods

Isolate  Serogrouping Serotyping RAPD Resistance Place of Collection

PCR  phenotype collection” date

Sal 138 B Saintpaul I AM, GM B2 Mar 14, 2011

Sal 145 B Agona v - B2 Mar 14, 2011

Sal 160 C Manhattan VI AM, GM A3 Apr 4,2011

Sal 164 B Saintpaul I AM, GM Al Apr 4,2011

Sal 178 C Albany VII AM, SXT, Al Apr 19, 2011

TE

Sal 186 B Kiambu VI - C4 Apr 25, 2011

Sal 193 C Altona IX AM, GM A3 May 3, 2011

VA, B, and C represent supermarkets, whereas 1, 2, 3, and 4 represent major

distributor companies
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MLST of Salmonella isolates

Salmonella had been shown to be spread globally either through travelers
or foods. It is important to perform global epidemiology using molecular typing
methods, which generate worldwide comparable data, e.g., MLST. MLST was chosen
for global epidemiology purpose. PCR products of seven housekeeping genes were
shown in Fig. 5.30. Four Salmonella isolates (Sal138, Sal162, Sall165, and Sal193),
which represents RAPD pattern 11, I, 11, and IX, respectively, were submitted to
MLST analysis. The MLST results showed 4 sequence type (ST), i.e., ST 50, ST 96,
ST 1543, and ST 1549 found in this study (Table 5.22). From MLST database, ST
1543 and ST 1549 were collected from human stools in Vietnam, while ST 50 and ST
96 were collected from many countries, e.g., Denmark, Taiwan, Chile, and Tunisia
(Table 5.23).

Table 5.7 Allelic profile of 4 Salmonella isolates in this study

Samples Allelic profile ST Countries

thrA-purE-sucA-aroC-hisD-hemD-dnaN

Sall138 17-6-12-5-9-18-21 50 | Chile, Denmark, U.S.A.,
Germany, Australia

Sal162 141-95-9-417-262-15-4 1543 Vietnam

Sal165 3-41-15-43-49-49-47 96 Tunisia, U.S.A.,

Taiwan, Denmark,
Scotland
Sal193 102-426-9-347-496-78-394 1549 Vietnam
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Fig. 5.18 PCR products of seven housekeeping genes used for MLST for Salmonella.
Lane M, 1 kb plus DNA ladder; Lane 1, thrA, 852 bp; Lane 2, purE, 510 bp; Lane 3,
SucA, 643 bp; Lane 4, hisD, 894 bp; Lane 5, aroC, 826 bp; Lane 6, hemD, 666 bp;
Lane 7, dnaN, 833 bp.
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ST Strain Serotype Host Country Year

1115/72 Kingston Animal Feed Chile 1972

0410W75689 | Saintpaul Human Denmark 2004

0307128755 Saintpaul Human stool Denmark 2003

0306723309 Saintpaul Human Denmark 2003

0702W56738 Saintpaul Human stool Denmark 2007

0208W18237 Saintpaul Human stool Denmark 2002

ma873 Saintpaul Onychogalea fraenata Australia 2002

50 M299 Saintpaul - USA 2003

M203 Saintpaul - Philippines 2001

M109 Saintpaul - Australia 2001
SGSC4920 Saintpaul - - -

05-02659 Saintpaul Crocodile Germany 2005
SARA22 Saintpaul Human U.S.A -
SARB55 Saintpaul Human U.S.A. -
01W15422 Saintpaul Human Denmark -

ST Strain Serotype Host Country Year

9836/08 Schwarzengrund Human Tunisia 2008

M81 Schwarzengrund - South Africa 2001

M69 Schwarzengrund - South Africa 2001

M217 Schwarzengrund - USA 2001

M2 Schwarzengrund - USA 2001

96 | S/20050414 Schwarzengrund Human Scotland 2005

H2535 Schwarzengrund - Taiwan 2001

H2500 Schwarzengrund - Denmark 2001

3222 Schwarzengrund Human carrier Germany 1985

S/20042666 Schwarzengrund Human Scotland 2004

SARB57 Schwarzengrund - Scotland 1988

ST Strain Serotype Host Country Year

1543 20062 - Human Vietnam 2009

ST Strain Serotype Host Country Year

1549 20114 - Human Vietnam 2009
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Conjugation experiment

In conjugation experiment, integron containing bacteria were used as a
donor. E. coli JM 109, E. coli TOP10, and E. coli DHS5a were used as a recipient
strains. E. coli TOP10 is a streptomycin resistant strain while E. coli JM 109 and E.
coli DH5a are nalidixic resistant strains. E. coli E9 (resistance to AM, CIP, LEV, GM)
and E. coli E12 (resistance to CIP, LEV, GM, SXT) were selected to be a donor strains
and E. coli TOP10 for recipient strain. Transconjugants were selected for non-lactose
fermenter that can grow on MacConkey agar containing ampicillin (100 pg/ml) and
spectinomycin (100 ug/ml). No transconjugants were observed in all experiments. E9
and E12 were checked for resistance background to spectinomycin by plating on
MacConkey agar containing ampicillin (100 pg/ml) and spectinomycin (100 pg/ml).
Both E9 and E12 grew on selective plate and cannot be used in experiment. E. coli
E60 (resistance to AM, SXT, TE) E. coli DH5a, and E. coli TOP10 were determined
MIC value by microdilution broth before performing conjugation experiment. MIC of
norfloxacin and ampicillin was shown in Table 5.24. Norfloxacin failed to use for
selection of transconjugants because both donor and recipient were sensitive to

norfloxacin.

Table 5.9 MIC determination by microbroth dilution method of E60, E. coli JM1009,

and E. coli DH5a. to norfloxacin and ampicillin by microdilution broth.

Norfloxacin Ampicillin
(pg/ml) (pg/ml)
E60 (donor) 0.5 256
E. coli IM109 (recipient) 0.5 4
E. coli DH5a (recipient) <0.25 8
E. coli ATCC 25922 (quality control) 0.0625 8

Acceptable range for E. coli ATCC 25922.

Norfloxacin = 0.03-0.12 pg/ml, Ampicillin = 2-8 pg/ml
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CHAPTER VI
DISCUSSION

The contamination of antibiotic resistant bacteria in food producing
animals has been reported, which antibiotic usage in animals was related to an
emergence of such strains (4, 5, 78-80). In addition, these bacteria not only protect
themselves from an effect of antibiotics, but they also transfer resistant genes
horizontally or vertically to other bacteria. Therefore, the number of antibiotic
resistant bacteria was increased.

This study monitored the prevalence of Salmonella spp. and E. coli in
chicken meats from supermarkets in Bangkok, Thailand. These two bacterial species
were selected based on hypothesis that horizontal gene transfer might occur between
pathogenic bacteria, Salmonella spp. and normal flora E. coli. E. coli in this study was
not tested for any virulent factors and designated as normal flora. The reason why
Campylobacter spp., the main pathogenic bacteria found in chicken, was excluded in
this study was an inconvenience for culture condition. Campylobacter spp. requires a
microaerophilic condition for their growth and various detection methods can be used.
PCR method can give a rapid diagnosis, but it is expensive, labor intensive, and cannot
provide a certain strains for further typing or AST. The culture methods including
selective culture showed better efficiency than membrane filtration technique, but it
takes 2-3 days for incubation and cannot identify some less common species (131).
Another aspect for E. coli as a microflora was that it can act as a reservoir for
resistance genes and accessible to transfer to pathogenic bacteria. The transferability
of resistance genes was evidenced by metagenomic study (132).

Salmonella spp. isolation was performed according to standard method
ISO 6579 with modification on enrichment media. TT broth was used to enrich
Salmonella spp. instead of RV broth because of its ease of preparation, and incubation
temperature is 35°C, which was proper for our laboratory. Unfortunately, TT broth

cannot detect any of 125 chicken samples, therefore an RV broth was used instead for
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the last 75 samples. RV broth was demonstrated to give a higher sensitivity than TT
broth (133), and it was shown to be suitable for high microbial load foods (134) as
oppose to TT broth that is suitable for low microbial load foods (135). The MPN
analysis reflected a high microbial load in chicken meats, 56.66% of which were
unacceptable quality with the highest value of 46,000, and it absolutely explained why
TT broth cannot be used in this study. The prevalence of Salmonella spp. in this study
may present an underestimate of true prevalence of Salmonella spp. in chicken due to
a low sample size. However, the prevalence of Salmonella spp. was calculated from
the total of 75 samples and showed at the rate of 18.67% (14/75). The contamination
of Salmonella did not meet the criteria of department of livestock development, which
Salmonella spp. must not be found in 25 grams of samples.

The result from this study differed from the previous study in Thailand,
which the prevalence of Salmonella spp. was 57 % (12). The sample type from that
study did not specify, whether it was a sealed packages and it might lead to a great
differ from this study. This study also showed a higher contamination rate than that
reported from Washington, D.C., USA (4.2%) (11), and Morocco (0%) (136), but
lower than that reported from England (33%) (71) and U.S.A. (35%) (137).
Salmonella spp. were found in all distributors, which distributor 1 gave the highest
isolates (6 isolates) followed by distributor 2 (3 isolates), distributor 3 (3 isolates), and
distributor 4 (2 isolates). There were 3 isolates from distributor 3 obtained from
different collection times, which were Sal 154 and Sal 160 collected in April 4, 2011,
and Sal 193 collected in May 3, 2011. There is an announcement from distributor that
their products were controlled to guarantee to be antibiotic-free production and
delivered a Salmonella-free products to consumers (58). However, the fact that
Salmonella were found in all distributors warrants a sterilization and proper cook of
chicken meat for consumer.

Serogrouping and serotyping were used for typing Salmonella isolates
based on O and H antigen and also used for confirmation Salmonella strains obtained
from this study. Salmonella group B was the most commonly found (6 isolates)
followed by group C (4 isolates). Serotypes presented in this study were diverse,
which S. Kedougou, S. Albany, and S. Altona were the most common serotypes. S.

Albany was shown to be the top serotypes isolated from animals in Thailand during
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2003-2006 (44-46, 74). Moreover, S. Agona and S. Schwarzengrund found in this
study were also often isolated in animals. Noteworthily, the top serotypes isolated
from animals, i.e., S. Enteritidis, S. Weltevreden, S. Stanley, S. Anatum, S. Corvallis
was similar to that isolated from human (44-46, 74). The consumption of contaminated
foods might be a key factor in conferring to this situation. In addition, S.
Schwarzengrund was increased in Thailand (138) and was shown to be spread globally
via food products and cause more illnesses in Denmark and United States (139). Our
results were discorded from the previous study in Thailand, which S. Mbandaka was
the most frequently isolated (12). Salmonella serotypes trend to be differ in each
countries, e.g., S. Emek, S. London, and S. Agona were the most frequent serotypes
reported in Vietnam (69), S. Istanbul, and S. Agona in U.S.A. (137), S. Hadar and S.
Brancaster in Senegal (140), S. Enteritidis, S. Hadar, and S. serotype 4,12:b:-(Il) in
Spain (68).

The prevalence of E. coli in this study (53%) showed a high contamination
rate, which may be described by the frequent presence of E. coli in animal production
process, environments, and workers. E. coli in this study was from two isolation
methods, which are standard isolation method and MPN analysis. MPN method had a
higher sensitivity of detection compared with standard method, which MPN identified
12 of E. coli isolates more than standard method. The reasonable explanation was
MPN method has two enrichment steps, which BGLB enhances growth of coliform
bacteria and inhibit growth of Gram-positive bacteria and many Gram-negative
bacteria. However, E. coli from both methods was count once. The prevalence of non-
type E. coli in chicken meat varied from 21.7% in USA (11), to 39% in Thailand (73).
In addition, MPN analysis was used to determine total coliform bacteria in chicken.
Coliform bacteria are commonly used as an indicator for sanitary of foods and water,
which comprise E. coli, Klebsiella, Enterobacter, Citrobacter, and Serratia. The MPN
value ranged from <3 to 46,000 with 56.66% (34/60) violated allowable total coliform
bacteria (MPN <500/g) present in chicken meat according to criteria of Department of
Medical Sciences, Ministry of Public Health. These indicated a poor sanitary of
chicken, which can cause severe illnesses even in the absence of pathogenic bacteria,

Salmonella, and warrant the proper cook for the consumers.
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Salmonella spp. and E. coli in this study showed high percentage of
resistance against ampicillin, gentamicin, and tetracycline by disk diffusion method.
Multi-drug resistant (MDR) phenotype, referred as a resistance against at least three
classes of antibiotics, was found in both Salmonella spp. and E. coli. Sal 162 and Sal
180 were resistance to pB-lactam, aminoglycosides, and trimethoprim-
sulfamethoxazole, whereas Sal 178 was resistance to [-lactam, trimethoprim-
sulfamethoxazole, and tetracycline. MDR in E. coli comprised resistance to [-lactam,
fluoroquinolones, and aminoglycosides (2 isolates), resistance to fluoroquinolones,
aminoglycosides, and trimethoprim-sulfamethoxazole (1 isolate), resistance to f-
lactam, aminoglycosides, and tetracycline (8 isolates), and resistance to
chloramphenicol, aminoglycosides, and tetracycline (2 isolates). The resistance against
these drugs in this study might be consequently of the usage of these antibiotics in
animals. In Thailand, an antibiotic usage data in animals could not be shown clearly
and it cannot be used to clarify the correlation between antibiotic usage in animals and
resistance pattern found in this study. Nevertheless, the resistance pattern found in this
study is likely the result of such event as supported by previous study (4-6). In some
countries where the antibiotic usage data is available, e.g., Norway and Denmark, it
was demonstrated that an emergence of fluoroquinolones resistant strains were linked
to fluoroquinolones usage in animals (4, 5). This study reflected a continuously use of
antibiotics in food producing animals and might lead to an emergence of untreatable
strains in the near future. Resistance to fluoroquinolones was found in E. coli at the
rate of 10.64% whereas it was not found in Salmonella spp. Fortunately, ESBLs,
which exhibit resistance to extended spectrum cephalosporins and limit option for
treatment, were not found in this study. The similar resistance pattern was reported in
Vietnam, which resistance to tetracycline and ampicillin were the highest and MDR
was observed (70), the high percentage of resistance against tetracycline,
sulfamethoxazole, streptomycin, ampicillin was reported in Korea (141), high
percentage of resistance to sulfisoxazole, tetracycline and streptomycin was observed
in Thailand (12). However, the ESBL-producing strains isolated from chicken were
reported in Portugal (142), Ireland (143), Spain (144). The difference in resistance

pattern indicated a difference antibiotic usage in animals in each country. Although
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most strains in this study were susceptible to most of antibiotics tested, but they will
absolutely develop themselves more resistance if antibiotic usage still existing.
Generally, antibiotic resistant bacteria can spread resistance determinants
to other bacteria via horizontal gene transfer and vertical gene transfer. This study
investigated a role of horizontal gene transfer by focusing on integron element.
Integron has a special character in gathering of resistance genes as gene cassettes and
usually associated with mobile genetic elements (18). Therefore, integron has an
important role contributing in horizontal gene transfer. Class 1 integron was detected
by PCR with specific primers to intl1, and dot blot hybridization. The prevalence of
class 1 integron was 42.86% (6/14) in Salmonella spp. and 37.74% (40/106) in E. coli.
For E. coli, the result showed similar to that reported in Korea (42%) (141). The
different rates were reported in Japan (11.6%) (19), in Greece (49.2%) (20). The
prevalence of class 1 integron in Salmonella in this study was lower than reported in
Japan (90%) (19). Resistance genes identified in this study were aadA2, aadAd4,
aadA22, aadA23, dfrA5, and InuF. Most characterized strains contained cassettes for
aminoglycoside resistance and these cassettes were common in class 1 integron (145,
146). Interestingly, InuF conferring lincosamide resistance containing in class 1
integron was rarely found in Gram-negative bacteria, which indicated an occurrence of
resistance genes transfer between Gram-positive bacteria to Gram-negative bacteria or
vice versa. InuF had been reported in class 2 integron from Ruiz E et al (146).
Additionally, integrase negative bacteria also carry resistance gene cassettes. The
reasonable explanation was the low sensitivity of PCR method or the mutations or
deletion in intll itself. Dot blot hybridization indicated a low sensitivity of PCR
method, which it gave a higher rate of detection in E. coli. Although dot blot
hybridization can restore the result of PCR in E17, it showed the same result with PCR
in Sall30 (Fig. 4). In case of Sal130, the loss of intll might occur during an
integration-excision event. Nevertheless, the failure of detection by dot blot
hybridization was found in 5 PCR positive isolates, i.e., Sal145, Sal178, Sal180, E183,
and E186.2. The result could be explained by technical error, which may occur during
blotting step, hybridization step, blocking step, and detection step. These 5 isolates
should be repeated with separated membrane in order to finalize the presence of class

1 integron. In addition, conjugation experiment was used to determine the horizontal
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gene transfer among integron carrying bacteria. No transconjugants were observed in
any experiments due to a limited recipient strains and drugs. Streptomycin was used
instead of spectinomycin for selecting transconjugants between E9 and E12 (donors)
and E. coli TOP10 (recipient) because streptomycin would expect to kill E9 and E12.
Unfortunately, both E9 and E12 can grow in MacConkey agar containing ampicillin
(100 pg/ml) and streptomycin (100 ug/ml) and cannot be used in this experiment. The
other recipient strains, i.e., E. coli JIM109 and E. coli DH5a were used, which both of
them were resistant to nalidixic acid due to a mutation in DNA gyrase, gyrA.
Norfloxacin was used instead of nalidixic acid due to nalidixic acid powder was not
available. Norfloxacin is an antibiotic belongs to fluoroquinolones and its structure is
similar to nalidixic acid. Therefore, it would expect to use in this experiment. The
MIC result of donor and recipient strains, which showed sensitive in all tested strains,
indicated norfloxacin cannot be used. Moreover, direct transformation of plasmid from
integron carrying bacteria (E9, E12, and Sal162) was failed because their plasmid
were too large (2.5 kb to >12 kb). Electroporation which give a high efficiency should
be performed in order to prove this role.

A genetic relatedness among these bacteria was assessed by using typing
methods based on phenotypic, and genotypic background. The same plasmid pattern
found in E. coli, collected from either same place or different places, indicates that the
clonal spread also plays a role in the bacterial spread. Salmonella typing scheme was
divided into the phenotypic method, including serogrouping, serotyping, and
resistance pattern incorporated with demographic data, and the genotypic method,
including RAPD-PCR, plasmid profile study, and MLST. Serogrouping is a typing
method based on agglutination with specific sera to identify the variation in O
antigens, whereas serotyping determines an antigenic variation in O and H antigens.
The O antigens are one part of lipopolysaccharide (LPS) and major targets for
adaptive immune response. The O antigens are synthesized by a set of sugar synthases
and transferases, which are encoded by rfb (147). The rfb showed different sequences
among different serogroups and it suggested that this gene was acquired horizontally
and might occur multiple times. This gene shuffling might explain why the same S.
Albany in this study (Sall78 and Sall80) belongs to different serogroups. A

comparison of discriminatory power among three typing method, RAPD-PCR,
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serogrouping, and serotyping was calculated according to Hunter and Gaston’s
formula (130). An acceptable level of discrimination depends on many factors, but an
index of greater than 0.90 would be more desirable. Serotyping showed the highest
discriminatory index of 0.956 followed by RAPD-PCR with an index of 0.934.
Serogrouping showed the lowest index of 0.736. The result of various typing methods
incorporated with demographic data strongly supports the role of clonal spread among
these bacteria. Sal 130 and Sal 162 were RAPD type I, unidentified serogroup,
serotype Kedougou that collected from the same place and distributor but in different
times. Sal 138, Sal 164 and Sal 190, Sal 193, which were collected from different
companies, distributors, and times, showed well correlated in serogrouping,
serotyping, and RAPD-PCR results. Nevertheless, these typing methods have some
limitations, e.g., O antigens variation, reproducibility and inter-lab comparison of
RAPD-PCR. MLST, a sequencing based typing was performed in order to finalize all
results and it can be used to compare results with other studies. All of 14 Salmonella
isolates should be analyzed but due to the cost of the test and limited funding, 4
Salmonella isolates were selected based on RAPD-PCR pattern. The result showed ST
50, ST 96, ST 1543, and ST 1549, which matched well with strains from many
countries, e.g., Vietnam, Denmark, Chile, USA, and Tunisia. The results of MLST
indicated a standardized method, which provides unambiguous and comparable data
and is also suited for epidemiological and evolution pathway study. The correlation of
MLST and serotyping or serogrouping could not be done in this study. Nevertheless,
the different Salmonella serotypes with the same ST were demonstrated, e.g., S.
Typhimurium and S. Typhimurium var. Copenhegen with the same MLST type (148),
and this data also supports that the Salmonella typing scheme should be changed from
traditional typing to MLST.
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CHAPTER VII
CONCLUSION

A contamination of antibiotic resistant bacteria in food was demonstrated
worldwide. The main factor enhancing an emergence of such bacteria is an overuse of
antibiotics in food producing animals. In Thailand, there were many studies
demonstrated the contamination of antibiotic resistant bacteria in food producing
animals, which indicated the antibiotic usage in animals even though the antibiotic
usage data in Thailand could not be shown clearly. Nevertheless, little is known about
genetic mechanism conferring antibiotic resistance and their molecular characteristics.
Therefore, the study on prevalence and molecular characterization of antibiotic
resistant bacteria in chicken meat in Thailand was conducted.

In this study, 200 of sealed packages chicken meat were performed to
determine the prevalence of Salmonella spp. and E. coli. The prevalence of Salmonella
spp. and E. coli were 18.67% (14/75) and 53% (106/200), respectively. The
prevalence of Salmonella spp. was calculated from a total of 75 samples due to an
ineffectiveness of TT broth, an enrichment media for Salmonella spp., which had been
modified from ISO 6579. RV broth was demonstrated to give a higher sensitivity than
TT broth and suitable for high microbial load samples. This study supported the
effectiveness of RV broth in enrichment of Salmonella spp. and should be used for the
future study. MPN analysis showed that 56.66% (34/60) violated the limit of allowable
coliform bacteria in chicken meat, which has the highest value of 46,000.
Serogrouping and serotyping were used to type all 14 Salmonella isolates, whereas E.
coli in this study was not characterized by both tests. Salmonella group B was the most
commonly found (6 isolates) followed by group C (4 isolates), unidentified serogroup
(3 isolates), and group E (1 isolates). Salmonella serotypes in this study was similar to
the top of Salmonella serotypes in animals in Thailand, of which S. Kedougou, S.

Albany, and S. Altona were the most common serotypes. S. Agona and S.
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Schwarzengrund were found in this study, the latter has been shown to be an
international spread. Antibiotic resistance profiles of Salmonella spp. and E. coli were
determined by disk diffusion method according to CLSI 2010. Most of Salmonella
spp. and E. coli exhibited high percentage of resistance against ampicillin, gentamicin,
and tetracycline, which the percentage of resistance against ampicillin, gentamicin,
and tetracycline in Salmonella spp. and E. coli were 78.57%, 71.43%, 21.43%, and
72.34%, 38.30%, 48.48%, respectively. Resistance to fluoroquinolones,
chloramphenicol, trimethoprim-sulfamethoxazole, and amoxicillin-clavulanic acid was
observed. Eventhough ESBLSs phenotype, as screened by double disk and combination
disk method, were not found in this study, but MDR phenotypes were found in both
Salmonella spp. and E. coli. A presence of class 1 integron was demonstrated by PCR
and dot blot hybridization. The PCR showed that class 1 integron was found in
42.86% (6/14) and 37.74% (40/106) in Salmonella spp. and E. coli, respectively.
Resistance genes identified in this study were aadA2, aadA4, aadA22, and aadA23
(for aminoglycoside resistance); dfrA5 (for trimethoprim resistance); and InuF (for
lincosamide resistance). Moreover, integrase negative bacteria also carried resistance
cassettes (E17 and Sal130). Therefore, dot blot hybridization was used to confirm the
PCR result. Dot bot hybridization can restore the result of PCR in E17, whereas it
showed the same result with PCR in Sal130. This result indicated a low sensitivity of
PCR method and dot blot should be used instead. However, the failure of detection
was found in 5 PCR positive isolates. Finally, a genetic relatedness among these
bacteria was determined by using phenotypic methods and genotypic methods. The
same plasmid patterns found in E. coli, either collected from the same place or
different places, indicates that clonal spread might play a role in conferring resistance
genes spread. The results of typing methods incorporated with demographic data of
Salmonella supported the role of clonal spread. Nevertheless, O antigen variations that
might occur via gene shuffling may lead to misinterpretation of the results. The same
S. Albany (Sall78 and Sal 180) but different serogroups were found in this study.
MLST, which provides unambiguous and comparable data, was selected in order to
finalize all results. All 14 Salmonella isolates should be analyzed to compare with

serotyping result, but due to its cost and limited funding, 4 Salmonella isolates was



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Microbiology) / 105

submitted to MLST analysis. MLST results were ST 50, ST 96, ST 1543, and ST
1546.

In conclusion, this study demonstrated that antibiotic resistant bacteria and
integron elements now have been spread among food producing animals and can be
spread to human through consumption of undercooked food. Therefore, molecular
characterization of these bacteria from other sources is important in order to track
down sources of such strains and provides insight information to control and prevent
the spread of these bacteria. An effective molecular typing methods, e.g., MLST
should be replaced the traditional typing methods, which have a variation, e.g.,
serotyping or provide ambiguous data. Antibiotic usage in humans and animals should
be tightly monitored in order to limit the emergence of antibiotic resistant bacteria.
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REAGENTS FOR MOLECULAR PARTS

1) 10X TBE buffer

Tris base 108 g
Boric acid 55 g
Distilled water 700 ml

All ingredients were mixed until Tris base and EDTA was completely
dissolved. Forty ml of 0.5M EDTA, pH 8.0 was added and brought volume to 1 L with

distilled water. The solution was mixed and stored at room temperature.

2) 6X loading buffer

Bromphenol blue 0.025 g
Glucose 4 g
Distilled water 10 ml

All ingredients were mixed and stored at room temperature.

3) 20X SSC solution

NaCl 175.3 g
Sodium citrate 88.2 g
Distilled water 800 ml

All ingredients were mixed thoroughly. Solution was adjusted to pH 7.0 by
using HCI and brought volume to 1 L with distilled water. The solution was sterilized

by autoclaving at 121°C for 15 minutes, and stored at room temperature.

4) Stringency solution |

A total volume of 50 ml of solution containing 1X SSC, and 0.1% SDS
was prepared by mixing 0.5 ml of 10% SDS, and 2.5 ml of 20X SSC in 47 ml of

distilled water.
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5) Stringency solution 11

A total volume of 50 ml of solution containing 0.5X SSC, and 0.1% SDS
was prepared by mixing 0.5 ml of 10% SDS, and 1.25 ml of 20X SSC in 48.25 ml of
distilled water.

6) Buffer A

Buffer A was prepared by mixing 50 ml of 1M Tris-Cl, pH 9.5, and 50 ml
of 3M NaCl in 400 ml of distilled water (100 mM Tris-Cl, pH 9.5, 300 mM NacCl).
The solution was sterilized by autoclaving at 121°C for 15 minutes, and stored at room
temperature. A fresh preparation is important for this buffer.

7) Blocking solution

Blocking solution was prepared by dissolving 1.5 g of skim milk in 30 ml
of buffer A (5% skim milk in buffer A).

8) Antifluorescein antibody/alkaline phosphatase conjugate
Antifluorescein antibody/alkaline phosphatase conjugate was prepared by
mixing 0.15 g of bovine serum albumin, and 6 pl of antifluorescein antibody/alkaline

phosphatase conjugate in 30 ml of buffer A.

9) Prehybridization buffer

A total volume of 30 ml solution containing 0.05% liquid block solution,
5X SSC, and 0.1% SDS was prepared by mixing 1.5 ml of liquid block solution, 7.5
ml of 20X SSC, and 0.3 ml of 10% SDS in 20.7 ml of distilled water.

10) Hybridization buffer
Hybridization buffer was prepared by adding labeled probe into
prehybridization buffer. The hybridization buffer was denatured by boiling at 100°C

for 20 minutes and immediately placed on ice before use.
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11) Alkaline lysis buffer I

Glucose 1.8 g

1 M Tris-cl, pH 8.0 5 ml
0.5 MEDTA, pH 8.0 4 ml
Distilled water to make 200 ml

All ingredients were mixed, autoclaved at 121°C for 15 minutes, and
stored at 4°C.

12) 1M Tris-cl pH 8.0

Tris base 121.1 g

Distilled water 700 ml

All ingredients were mixed thoroughly by stirring. Solution was adjusted
to pH 8.0 by using HCI and brought volume to 1 L with distilled water. The solution

was sterilized by autoclaving at 121°C for 15 minutes, and stored at room temperature.

13) 0.5M EDTA pH 8.0

Na2 EDTA.2H20 37.22 g
Distilled water 140 ml
All ingredients were mixed, adjusted to pH 8.0 by using 10M NaoH, and

brought volume to 200 ml with distilled water.

14) 10M NaOH
Eighty grams of NaOH was dissolved in 200 ml of distilled water.

15) Alkaline lysis buffer 11
A desired volume of the final concentration of 0.2M NaOH, and 1% SDS
solution was freshly prepared from 10M NaOH and 10% SDS.
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16) 10% SDS solution

Ten grams of SDS powder was dissolved in 90 ml of distilled water and
brought volume to 100 ml with distilled water.

17) Alkaline lysis solution 111
Potassium acetate 29.4 g
Glacial acetic acid 115 ml

Distilled water to make 100 mi
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