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ABSTRACT

Avian Pathogenic Escherichia coli (APEC) in Palestine: Characterization of
Virulence Factors and Antibiotic Resistance Profile

By Mohammad Qabajah

Escherichia coli bacterium is common to many environments and there are over
150 different strains. Avian pathogenic E. coli (APEC) strains cause diseases in
birds at various ages. The introduction of such strains to chicken respiratory
tract causes invasive infections, collectively known as colibacillosis. It can

cause extensive mortality in poultry flocks leading to great economic losses.

Recent reports showed that the APEC pathogenicity is associated with certain
virulence genes (papC, astA, vat, and irp2) are located within the bacterial
genome and/or their ColV plasmids (tsh, iucD, iss, and cvi). Identification and
characterization of these genes are essential to implementing efficient disease
control and prevention systems. The aim of this study is to identify the virulence
associated genes and the antibiotic resistance profiles of APEC strains in

Palestine.

Internal organ samples from 83 infected flocks were collected and tested for
presence of the mentioned virulence genes using an adapted and improved
multiplex PCR protocol. The resistance of the isolated strains to 10 commonly

used antibiotics in Palestine was analyzed using the disc diffusion method.

The multiplex PCR of the tested samples revealed a high prevalence of the
following genes: iss and cvi 100%, astA 98.48% and iucD 78.79%. The genes
vat and papC have a prevalence of 34.85% and 31.81%, respectively. To a
lesser extent irp2 19.70% and tsh 10.61% were identified. The study of
antibiotic susceptibility profiles showed high resistance levels against
Tetracycline 100%, Ampicillin 83.33%, Amoxicillin 83.33%, Kanamycin



80.3%, Ciprofloxacin 72.72% and Neomycin 69.70%, while the lowest

resistance levels were against Nitrofurantoin 18.18% and Cephalexin 12.12%.

The improved multiplex PCR has proven to be a useful and rapid assay to
identify virulence factor profiles of APEC. In Palestine, the indiscriminate use
of antibiotics should be avoided. It may increase the risk of development of
drug-resistant E. coli strains that constitute a human risk due to zoonose
potential reservoir of Extended-spectrum b-lactamases resistance genes.
Therefore, programs are recommended to increase farmer’s awareness about the
devastating effects of antibiotic misuse. In addition, the authorities must take a
responsible role through imposition a set of regulations to ensure safe poultry

products.
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CHAPTER ONE

INTRODUCTION

Escherichia coli belongs to the Enterobacteriaceae family. It is a rod-shaped,
Gram-negative, facultative anaerobic bacterium that can live on a wide variety
of substrates. E. coli uses aerobic or anaerobic respiration. In anaerobic
conditions, it uses the mixed-acid fermentation, producing lactate, succinate,
ethanol, acetate and carbon dioxide. The optimal growth of most E. coli strains
occurs aerobically at 37°C and some exceptional strains can grow at
temperatures up to 49°C (Fotadar et al.,, 2005). Various E. coli strains
possess flagella and hence are classified as motile bacteria. The average genome
size of E. coli bacteria is 4.6x10° base pairs, which contains more than 4000
protein coding genes (Blattner et al., 1997). E. colican transfer its DNA
via bacterial conjugation, transduction, or transformation allowing horizontal
spreading of genetic material through an existing population (Brussow et al.,

2004).

E. coli usually colonizes the gastrointestinal tract of most warm-blooded

animals (Dho-Moulin and Fairbrother, 1999, Lamarche et al., 2005). Most E.
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coli strains are considered a part of the normal intestinal flora where they
produce vitamin K2 (Menaquinone) which acts as a competitive inhibitor
preventing the establishment of pathogenic bacteria within the intestine (Bentley

and Meganathan, 1982).

1.1 Human Pathogenic E. coli

E. coli strains are harmless to their hosts, however, some strains can be highly
pathogenic and may cause serious problems especially in immuno-
compromised individuals (Nataro and Kaper, 1998). Pathogenic E. coli are
associated with intestinal and extraintestinal human infections (Nataro and
Kaper, 1998) including: pyelonephritis, cystitis, septicemia, and some strains

are associated with meningitis in neonatal infants (Germon et al., 2005).

Usually, colibacillosis starts with severe abdominal cramp; within a few hours,
it is followed by a watery diarrhea causing loss of fluids and electrolytes.
Diarrhea lasts for about one day, then, intestinal sores will change this diarrhea
to bright red bloody stools. Bloody diarrhea usually lasts for 2 to 5 days. In

some cases, the disease may cause damage to the central nervous system.

1.2 Pathogenesis of E. coli among mammals

In humans, E. coliis responsible for three types of infections: urinary tract
infections (UTI), neonatal meningitis, and intestinal diseases. The virulence
determinants of E. coli that are related to these infections are summarized in

(Table 1.1)
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Table 1.1. Summary of the virulence determinants of pathogenic E. coli (Todar, 2007)
Adhesins

CFAI/CFAII

Type 1 fimbriae

P fimbriae

S fimbriae

Intimin (non-fimbrial adhesin)
Invasins

Hemolysins

Siderophores and siderophore uptake systems

Shigella-like "invasins" for intracellular invasion and spread
Motility

Flagella
Toxins

LT toxin
ST toxin
Shiga-like toxin
Cytotoxins
Endotoxin (LPS)
Antiphagocytic, surface properties

Capsules**
K antigens*/**
Lipopolysaccharides (LPS)*/**

* Defense against serum bactericidal reaction
** Defense against immune responses

Five virotypes of E. colithat cause diarrheal diseases are now recognized

(Tablel.2):

e Enterotoxigenic E. coli (ETEC)

e Enteroinvasive E. coli (EIEC)

e Enterohemorrhagic E. coli (EHEC)
e Enteropathogenic E. coli (EPEC)

e Enteroaggregative E. coli (EAggEC)
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Tablel.2: E. coli virotypes that are related to diarrheal diseases (Todar, 2007)

Name Hosts Description
Humans, . . .
o ST ¢ Non-invasive strains.
Enterotoxigenic goat,s cattle’ o Cause diarrhea in children, as well as traveler's diarrhea.
E. coli (ETEC) dogs' and' e Produces a heat-stable (ST) enterotoxin
horsés e 200 million cases of diarrhea and 380,000 deaths each year.
Human . o . .
Ent th . ralkj)bi?s > e Has an array of virulence factors similar to Shigella toxin
Encf)??élpggimc dogs ' cats e Moderately invasive and elicit an inflammatory immune
and horses response.
Enteroinvasive found only e Causes a syndrome that is identical to Shigellosis, with
E. coli (EIEC) in humans profuse diarrhea and high fever.
e The most famous member of this virotype is
Humans strain O157:H7, which causes bloody diarrhea and no fever.
Enterohemorrhagic cattle 'and e Can cause hemolytic-uremic syndrome and sudden kidney
E. coli (EHEC) 9 ats’ failure.
o Moderately invasive and possesses a phage-encoded Shiga
toxin that can elicit an intense inflammatory response.
) found | e EAEC bhind to the intestinal mucosa to cause watery
Entell’-o?girég?tlve ir?irsjma:sn y diarrhea without fever. EAEC are non-invasive.
. coli

They produce a hemolysin and an ST enterotoxin similar to
that of ETEC.

1.3 Avian Pathogenic E. coli

Pathogenic E. coli strains are also related to extraintestinal infections for other

animals (Nakazato et al., 2009). Among birds, it was proved that the pathogenic

strains of E. coli cause respiratory diseases (Ewers et al., 2004, Stehling et al.,

2007, Saberfar et al., 2008).

Ten to fifteen percent of the intestinal coliforms in chickens have a potential

to be pathogenic (Tabatabaei and Nasirian, 2003). Avian pathogenic E. coli

strains are known as APEC and are mainly associated extraintestinal diseases
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(Dho-Moulin and Fairbrother, 1999, Stehling et al., 2007). Avian diseases are
responsible for great losses in the avian industry (Ewers et al., 2004, Skyberg et

al., 2006, Saberfar et al., 2008).

Colibacillosis is the most important disease caused by APEC strains and is
characterized by multi-extraintestinal disorders (Tabatabaei and Nasirian, 2003,
Yaguchi et al.,, 2007) including: respiratory tract infection, septicemia,
omphalitis, enteritis, and cellulitis (Herren et al., 2006, Stehling et al., 2007).
This infectious disease is considered to be initiated in the avian upper
respiratory tract; air sacs being the first organs infected (Germon et al., 2005,
Saberfar et al., 2008), followed by septicemia and organ colonization

(Figurel.l) (Ewers et al., 2004, Saberfar et al., 2008).

! ’
14 .

Fig. 1.1: Pathomorphological changes of the internal organs for a chicken that died

from colibacillosis caused by APEC strains. The white layer shown is the result of
APEC proliferation at colonization level of colibacillosis infection. The presence of
this layer around internal organs, heart and lungs mainly, is considered as a strong

evidence for colibacillosis infection.
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Colibacillosis is initiated after a primary infection caused by Mycoplasma
gallisepticum or different viruses such as the Infectious bronchitis virus or
Newcastle virus (Karch et al., 1999, Germon et al., 2005). The respiratory
infection caused by APEC strains, is considered to be the initial step for
colibacillosis development in birds (Nakazato et al., 2009). Birds from 2 to 12
weeks of age are more susceptible to disease and mortality rates may reach as
high as 20% in birds within the 4 to 9 weeks age range (Dho-Moulin and

Fairbrother, 1999).

In broilers and hatchers chickens, swollen head syndrome is one of the common
syndromes caused by APEC strains (Figurel.2) (Nunoya et al., 1991). This
syndrome is responsible for mortality of 3 to 4% of total birds and for reduction
in egg production of 2 to 3 % (Morley and Thomson, 1984). Swollen head
syndrome usually begins after an acute rhinitis caused by pneumovirus being
followed by the invasion of the subcutaneous skin tissues by E. coli, which

causes the characteristic edema (Hafez and Lohren, 1990).

Fig. 1.2: Chicken infected with APEC showing swollen head syndrome. In chicken,
swollen head syndrome may cause ocular discharge and conjunctivitis progressing to
periorbital swelling. Terminally, eyes will be closed and the enlargement of the head is
a prominent sign in severely depressed or recumbent broilers
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In broilers, APEC strains are also associated with cellulitis that causes a necrotic
dermatitis of the abdomen and thighs (Dho-Moulin and Fairbrother, 1999).
Epidemiological data about this syndrome are not available but the lesions
associated with cellulitis have arole in causing economic losses in the avian

industry (Elfadil et al., 1996, Knobl et al., 2006).

1.3.1 APEC Infection Model

APEC pathogenesis consists of four stages: colonization of the respiratory tract;
penetration of the epithelium into the respiratory organs mucosa; survival and
multiplication in the blood stream and in the internal organs causing different
pathomorphological change; finally, production of poisonous effects on the
eukaryotic cells and tissues leading to lesions followed by clinical signs (Dho-

Moulin and Fairbrother, 1999).

For APEC, there is only little information about the virulence genotypes for
strains involved in pathogenicity (Dho-Moulin and Fairbrother, 1999, Dozois et
al., 2000, Janben et al., 2001). However, certain virulence factors have been
described to be positively linked with APEC pathogenicity including: epithelial
adherence and invasion, flagella, iron sequestering systems, toxins and
cytotoxins, temperature-sensitive hemagglutinin, serum resistance, colicin
production, and outer membrane proteins. (Schouler et al., 2004, Tivendale et
al., 2004, Amabile de Campos et al., 2005, Stehling et al., 2007, Saberfar et al.,
2008). Indeed, not a single virulence gene is found in any of the APEC strains

that is absent from all non-pathogenic strains. This might indicate the use of
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different virulence mechanisms by different putative pathotypes (La Ragione
and Woodward, 2002, Germon et al., 2005). This virulence capacity is acquired
by horizontal transmission of certain genes located on plasmids, bacteriophages
or particular regions of DNA called pathogenicity islands (Kilic et al., 2007,

Moulin-Schouleur et al., 2007).

1.3.2 APEC and food safety

Due to the low cost of production as well as the relatively cheap prices, poultry
meat is very important in the consumer market including the Palestinian one.
However, epidemiological reports showed that the presence of pathogenic and
spoilage microorganisms in poultry meat and its by-products remains a
significant concern. E. coli has been consistently associated with food-borne

illnesses in most countries of the world (Lutful Kabir, 2010).

Recent studies have suggested that some APEC strains are considered as
potential zoonotic agents (Ewers et al., 2007, Moulin-Schouleur et al., 2007,
Johnson et al., 2008). Earlier works had shown APEC strains to be easily
transmitted to humans (Linton et al., 1977, Ojeniyi, 1989). Indeed, studies have
shown that some APEC strains could belong to the same clones as human
EXPEC strains (Achtman et al., 1986, White et al., 1993b). Recently, it has been
reported that very closely related clones of serotype O18:K1:H7 could be
recovered from extra-intestinal infections in humans and chickens and that
isolates from both species were virulent for chicks (Moulin-Schouleur et al.,

2006). PCR-based phylotyping and multi-locus sequence typing have revealed a
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link between APEC and human EXPEC (Johnson et al., 2007, Moulin-Schouleur
et al., 2007), further suggesting the potential food-borne source of human
EXPEC. Consistent with these observations, whole genome sequence analysis
has revealed a high degree of similarity between APEC and ExPEC, with only
4.5% of the APEC O1:K1:H7 genome not found in three EXPEC genomes

(Johnson et al., 2007).

1.3.3 Identification Methods of Pathogenic E. coli

APEC identification has passed through a number of developments, beginning
with conventional methods of identification based on chemical characterization
and the nature of selective media. A more specific identification approach is the
serotyping analysis that aims at classifying pathogenic strains based on their
surface antigens. The DNA based identification methods are considered as
extremely sensitive approaches that aim at the identification of E. coli virulence

genes.

1.3.3.1 Conventional Identification

E. coli strains isolated from internal organs of chicken that have died from
colibacillosis are cultured and enriched so as to be identified via morphological
and routine biochemical tests. Using microscopy, the enriched bacteria
show gram negative rods, with no particular cell arrangement. On MacConkey
agar, as the E. coli is lactose-positive, deep red colonies are produced as a result

of fermentation of lactose sugar that cause the medium's pH to drop, leading to
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darkening of the medium. Growth on EMB agar produces greenish-black

metallic sheen colonies.

1.3.3.2 Serotyping Identification

Based on O, H, and K antigens, more than 700 serotypes of E. coli were
recognized. O Serotyping is one of the basic diagnostic methods for the
classification of pathogenic strains of E. coli. It is suggested that some strains
(01, O2 and O78) could be classified as avian pathogenic strains (Kawano et
al., 2006, Yaguchi et al., 2007, Giovanardi et al., 2005, Ozawa et al., 2008).
Recent researches mentioned that this method is not efficient enough for APEC
classification (Ewers et al., 2004, Kawano et al., 2006, Yaguchi et al., 2007)
especially as some of the available commercial kits even they are very
expensive, do not include all O antisera which lose the ability to classify all the
O serotypes. In some cases, O serotyping was not able to classify around 50%
of total APEC strains (Yaguchi et al., 2007, Ozawa et al., 2008). Thus,
serotyping identification will not be able to give us clear information about the

pathogenic strains of E. coli and it is not able to classify all of these strains.

1.3.3.3 Molecular Identification

The limited knowledge about the molecular epidemiology as well as about
virulence-associated genes of avian pathogenic E. coli (APEC) hinders the
application of essential and efficient epidemiological control measures for the
prevention of colibacillosis. However, several studies have identified genes

encoding virulence factors of APEC. The according genes encode adhesion-
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related factors such as P-fimbriae (papC) and a temperature-sensitive

hemagglutinin (tsh); iron-acquisition systems (fyuA/irp2) and aerobactin

(iutA/iucD); a protein for increased serum survival (iss); a colicin V plasmid

(cvalcvi); an enteroaggregative heat-stable toxin (astA); as well as a vacuolating

autotransporter toxin (vat). The most related virulence genes of APEC are listed

in (Table 1.3) the function and the location of each gene (Dozois et al., 2000,

Delicato et al., 2003, Dozois et al., 2003, Mellata et al., 2003, Parreira and

Gyles, 2003).

Table 1.3: The virulence related genes of APEC strains

Adhesins/Miscellaneous

papC  Outer membrane usher protein PapC gene

tsh Temperature-sensitive hemagglutinin Tsh autotransporter gene
Iron-Related

irp2 Iron repressible gene

iucD Involved in aerobactin synthesis

Structural gene

cvi colicin V immunity protein gene

Toxins

astA Heat-stable enterotoxin-1gene

vat Vacuolating autotransporter toxin gene

serum survival

iss .
Increased serum survival gene

Location

Chromosome

Plasmid

Chromosome

Plasmid

Plasmid

Chromosome

Chromosome

Plasmid and
Chromosome
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In the early stages, molecular identification of APEC strains was based on
screening of few genes expected to be related to the pathogenicity. Previous
investigations have indicated that the prevalence of some virulence genes
among isolates from chickens with colibacillosis were useful markers for the
detection and characterization of avian pathogenic E. coli, and could, therefore,
be used in the diagnosis of colibacillosis in poultry (Ewers et al., 2005). At this
level, gene inactivation experiments confirmed a role for type 1 and P fimbrial
adhesions, aerobactin iron transport system and the temperature-sensitive
hemagglutinin in APEC pathogenicity (Lafont et al., 1987, Dozois et al., 2000,

La Ragione et al., 2000).

Later on, researchers focused on studying the virulence profile of APEC, many
studies showed that the virulence profile is quite important, while the presence
of virulence genes in combination to each other will increase the pathogenicity
of APEC (Ngeleka et al., 2002). New studies started to establish protocols are
useful to identify the combinations between virulence genes to determine the
effect of such combinations on APEC pathogenicity. These studies started to
screen bacterial genes on the large scale to identify the most related pathogenic
genes; and they were able to identify some of expected pathogenic families of
virulence genes. Parallel to that, a lot of studies have found that many APEC
isolates carry certain plasmids (e.g. ColV plasmids) some of which encode
potential virulence factors (Ewers et al.,, 2004); several studies have
demonstrated a link between APEC virulence and the possession of ColV

plasmids which have different genes islands are showing the relation to
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pathogenicity (Ginns et al., 2000, Ewers et al., 2004, Tivendale et al., 2004)

(Figure 1.3).

pPAPEC-02-ColV

180 kb

Fig. 1.3: Circular genetic map of pAPEC-02-ColV plasmid. Arrows indicate predicted genes
and their directions of transcription. Yellow arrows indicate virulence-associated genes.

1.3.3.4 Other useful techniques

Different virulence assays or pathogenicity tests in vivo using a chicken
infection model employed to study the virulence of a particular APEC strain, as
well as to compare the wildtype strain with mutant strains lacking a certain gene

or function (Antao et al., 2008).

Molecular typing methods have also been employed to study APEC including
consensus-PCR typing (Carvalho de Moura et al., 2001), random amplification
of polymorphic DNA (Maurer et al., 1998), multilocus enzyme electrophoresis

(White et al., 1993a), genomic suppression subtractive hybridization (GSSH)
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(Schouler et al., 2004, Mokady et al., 2005). Genome analyses have led to a
better understanding of APEC pathogenicity. Selective capture of transcribed
sequence studies conducted by (Dozois et al., 2003) identified pathogen-specific
transcripts in an APEC strain corresponding to putative adhesins,
lipopolysaccharide core synthesis, iron transport systems, plasmid and phage

encoded genes, and genes of unknown function.
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CHAPTER TWO

PROBLEM STATEMENT AND OBJECTIVES

2.1 Problem statement

The poultry sector has a great importance in Palestine at the economic and
health levels. Economically, many farmers depend on this sector as one of the
main sources for their income, thus it is important to maintain this sector and
help it to grow. These motives aim to enhance Palestinian economy. Health
wise, chickens are one of the most important protein sources among Palestinians

and there is a great need to ensure the health safety of poultry.

In Palestine, colibacillosis is a common disease responsible for hundreds of
thousands shekels losses for Palestinian economic sector every year (CVLs). At
farmer level, there is unregulated and uncontrolled use of antibiotics to control
this disease irrespective of any negative consequences that may result of
antibiotic misuse. Conventional identification is used to identify APEC
responsible for colibacillosis, which is not able to describe the genetic criteria of

these strains, and there is no research conducted to screen APEC strains present
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in Palestine, so the genetic profile of APEC strains present in Palestine is still

unknown.

Our belief is that it is important to characterize APEC strains present in
Palestine to give a background, especially for farmers, about these strains and
their antibiotic resistance profiles; this will contribute to determining
appropriated antibiotic for protection against these strains. Screening the APEC
genetic traits in Palestine is important as we can determine the virulence genes
involved in APEC pathogenicity, while genetic description can give a clear

picture to explain and control pathogenic strains.

2.2 Objectives
- To establish a multiplex PCR protocol to screen the eight

virulence genes related to APEC pathogenicity

- To study the genetic composition of isolates included in this

study to establish a virulence gene profile of these isolates

- To study the antibiotic resistance profile of APEC strains in

Palestine for commonly used antibiotics.

This study represents the first description of the genetic criteria and the

antibiotic profile of the APEC strains present in Palestine.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Materials

3.1.1 Samples

Samples from 83 broiler farms suspected to have Escherichia coli infection
were collected between Feb-Jun 2009 through the Central Veterinary
Laboratory, Ramallah, Palestine. The farms were distributed over 56 locations
from 11 governates in the West-Bank, Palestine (Figure 3.1). The international
APEC reference genomic DNA of the strain O78)7122 was provided by Dr.
Francis Dziva from the Institute of Animal Health, Compton, UK. This strain
contains the virulence genes: astA, ireA, iss, irp2, papC, iucD, tsh, vat and
cvaC. Therefore, it was used as a positive control to establish the multiplex PCR

protocol.
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Governates Isolates Villages
Jenin 13 6 villages
Tobas 2 1 village
Tulkarm 4 3 villages
Nablus 6 6 villages
Qalgelyah 2 2 villages
Salfet 3 3 villages
Ramallah 28 19 villages
Jericho 5 4 villages
Jerusalem 1 1 village
Bethlehem 4 3 villages
Hebron 15 8 villages
Total 83 Isolates 56 Villages

Fig 3.1: A map of West-Bank showing the sources of the 83 isolates collected from 56 locations
distributed over 11 governates. The sizes of the red circles reflect the number of the samples

obtained from each governorate.

3.1.2 Media

EC-MUG medium (Oxoid, UK) catalogue number-CM0979A, supplied as 100g
powder to be mixed with 2.70 liter distilled water. EC-MUG Medium was used
to improve E. coli detection. This medium consists of lactose, with the addition
of 0.15% bile salts, tryptone, dipotassium phosphate and monopotassium
phosphate, sodium chloride and 4-methylumbelliferyl- -D-glucuronide (MUG)
(Table 3.1). Blood agar, MacConkey agar, Eosin -Methylene Blue agar and
Muller-Hinton agar (Oxoid, UK) were used for E. coli identification and

characterization.
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Table 3.1: EC-MUG broth formula

Tryptone 20.0
Lactose 5.0
Bile salts No. 3 1.5
Di-potassium phosphate 4.0
Mono-potassium phosphate 15
Sodium chloride 5.0
4-methylumbelliferyl-R-D-glucuronide (MUG) 0.05

pH 6.9 £ 0.2 (25°C)

3.1.3 Chemicals and reagents

All antimicrobial diffusion discs used in this study were from (Oxoid, UK).
Molecular grade agarose was purchased from (SEAKEM LE, USA). Enzymes
were procured from (Hylabs, Israel) and the deoxynucleoside triphosphates
were from Sigma-Aldrich Co. (St. Louis MI, USA). Oligonucleotides used in

this study were synthesized by (Metabion, Germany)

3.2 Methods

3.2.1 Culture and biochemical characterization

Internal origins of suspected liver were inoculated in E. coli Broth with MUG
(EC-MUG broth) at 44.5°C for 22 hours to 26 hours as an E. coli specific pre-
enrichment step. In the presence of 4-methylumbelliferyl- B-D-glucuronide
(MUG), E. coli produces the enzyme glucuronidase that hydrolyzes MUG to
yield a fluorogenic product which is detectable under long-wave (366 nm) UV

light (Figure 3.2).

19| Page



Fig. 3.2: Visible blue fluorescence under long-wave ultra-violet light (366nm) results from 4-
methylumbelliferyl-3-D-glucuronide (MUG) cleavage by beta-glucuronidase enzyme of 24h
enriched E. coli at 44.5°C in the EC-MUG broth.

Isolates were then cultured onto 7% sheep blood, MacConkey and eosin -
methylene blue agar. The identification of E. coli was based on the results of
diagnostic tests, which included Gram stain, colony characterization (flat,
grayish, with spreading edges colonies on blood agar, red/pink colonies on
MacConkey agar, and green metallic sheen on EMB agar), gas production and
ability to be enriched in the EC-MUG broth at 44.5°C. All confirmed strains
were kept at -80°C in EC-MUG medium containing 15% glycerol. Specific
primers were designed for beta-D-glucuronidase gene (uidA) for further
molecular confirmation of E. coli identity. uidA-F:
CTGAACTGGCAGACTATCCC forward primer and uidA-R:
CAGCACATCAAAGAGATCGC reverse primer were designed using
PerlPrimer v1.1.19, which is an open-source primer design software

(perlprimer.sourceforge.net).
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3.2.2 Antimicrobial sensitivity
A sensitivity test for ten antimicrobial agents was carried out on the isolated strains
by the standard disk procedure (Bauer et al., 1966) on Muller-Hinton agar. For each
isolate, saline suspension of five colonies from an agar plate culture (18- to 24-hour
blood agar plate) were prepared. The top of each colony was touched with a loop to
be transferred into 1ml saline making 0.5 McFarland standard suspension (0.008 to
0.10 absorbance at 625 nm). The suspension was streaked on 4 mm depth Mueller-
Hinton agar plate. Streaking was repeated three times, rotating the plate
approximately 60° each time. After a period of five minutes, Ampicillin,
Tetracycline, Amoxicillin, Neomycin, Gentamycin, Nitrofurantoin, Ciprofloxacin,
Kanamycin, Chloramphenicol and Cephalexin standard paper disks were laid on the
medium. The plates were incubated for 24h at 37°C and inhibition zones were
measured. Using reference (Table 3.1) the size of zones were related to the zone of
inhibition so as to decide whether the examined strain is susceptible (S),
intermediately susceptible (1), or resistant (R) to the tested antibiotic. The

susceptibility results for the sixty six isolates are shown in (Appendix 1).

* Table 3.2: Reference zone of inhibition of antibiotics used in this study

Antibiotic (Disc Disk Inhibition zone diameter to nearest mm
identifier) potency Resistant < Intermediate Susceptible >

Amoxicillin (AML) 25 ug 13 14-17 18
Ampicillin (AMP) 10 ug 13 14-16 17
Cephalexin (CL) 30 ug 14 15-17 18
Chloramphenicol (C) 30 ug 12 13-17 18
Ciprofloxacin (CIP) 5ug 15 16-20 21
Gentamycin (CN) 10 ug 12 13-14 15
Kanamycin (K) 5ug 13 14-17 18
Neomycin (N) 30 ug 12 13-16 17
Nitrofurantoin (F) 300 ug 14 15-16 17
Tetracycline (TE) 30 ug 14 15-18 19

* (Lammert, 2007)
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3.2.3 Multiplex PCR analyses

A multiplex PCR protocol was adapted and improved to detect the presence of
the following virulence genes: papC, astA, vat, irp2, tsh, iucD, iss, and cvi. The
gene specific primers (Table 3.2) were designed using PerlPrimer v1.1.19. Each
primer was tested for the following criteria: internal stability, melting
temperatures, cross dimerization with the other primers, and non-specific

binding either to E. coli or to the host genome.

Table 3.3: Gene specific PCR primers used in this study

Localization Tmering Amplicon

Gene Primer Primer sequence (5°- 3°) - .
withingene (C°  size (bp)
cvi  cvi(F)115 CCATGCATACATTTTGCTTCTCTG 115—138 63 114
cvi(R)229 AGTCAGAGTTCTCATATGATCTCC 229 — 206 61
iss iss(F)102 GCAGTAACACCAAAGGAAACC 102 - 122 62 184
iss(R)286 CTTCCAGCGGAGTATAGATGC 286 _ 266 63
astA  astA(F)249  GATCCCTGGTACAACTATCGC 249 — 269 62 266
astA(R)515  TAGCCGTGTTCGTCAATCAC 515 — 496 63
iucD iucD(F)315  GCTGCTGAAGATATGAATAACC 315 - 336 60 431
iucD(R)746  CGAATATCTTCCTCCAGTCC 746 — 727 60
papC papC(F)857 CTATGCACCGCAGATTACC 857 — 875 61 538
papC(R)1395 GAACGTAATGTCGGCATCC 1395 — 1377 60
vat  vat(F)824 ACTGGTCGGTGTTTACTCG 824 — 842 62 682
vat(R)1506 ~ GTCATTCCCGTTAACATCCAG 1506 — 1486 61
tsh tsh(F)1341  GTTGTACTGAACCAGCAGG 1341 — 1359 61 786
tsh(R)2127  GTTCTTCAGTGACAGCCTG 2127 — 2109 61
irp2  irp2(F)2048 GTCAGACGATATTCCCGTCC 2048 — 2067 62 886
irp2(R)2934 CAGCTCGATGCGATATCCTC 29342815 63

Bacterial colonies from overnight MacConkey agar at 37°C were picked using a
sterile pipette tip and aseptically suspended in 100 ul of sterile distilled water in

an eppendorf tube. The suspension was boiled for 15 min. After centrifugation
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for 5 min at 13000 r.p.m, 2ul of the supernatant were taken as template DNA
and added to the PCR reaction mixture (50ul) containing 0.5ul of each primer
(10 pmol concentration), 4ul of the four deoxynucleoside triphosphates (10mM
solution), 5ul of 10X PCR buffer, 8 ul of 20 mM Magnesium Chloride, and 5
units of Tag-Polymerase. The samples were subjected to 30 cycles of
amplification. The cycling conditions were as following: stepl, 5 min at 94°C;
step2, 1 min at 94°C; step3, 45 sec at 55°C; step4, 2 min at 72°C (step2—step4,

repeated 30 times); step5, 10 min at 72°C.

The amplification products were analyzed by electrophoresis on 2.0 % agarose
gel, in 1x TBE buffer for 90 min at 90V. The amplicons were stained with
ethidium bromide, and photographed under illumination (UV box from UVP,

United States.
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CHAPTER FOUR

RESULTS

4.1 Identification of Escherichia coli isolates

Out of the eighty three field samples, sixty six were positive for E. coli based on
morphological and biochemical characteristics. Using gram stain method, the
sixty six positive isolates showed short-rod gram negative bacteria. The sixty
six isolates showed pink colonies on MacConky agar and green metallic sheen
colonies on EMB agar, which are typical for E. coli. In addition, all of positive
sixty six isolates were enriched in EC-MUG broth as represented by their

capacity to produce fluorogenic product which is characteristic of E. coil.

4.2 Antibiotic susceptibility testing
Antibiotic resistance is a pandemic feature of APEC. There is no data about
antibiotic resistance in poultry farms in Palestine. Therefore, it was important to

assess the resistance of the isolated strains to a group of antimicrobial drugs that
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are frequently used by farmers. The susceptibility patterns of the tested
antimicrobial agents are shown (Table 4.1). The first group included the
antibiotics to which there were high levels of resistance (69% to 100%); these
were Tetracycline (TE): 100%, Ampicillin (AMP): 83.33%, Amoxicillin
(AML): 83.33%, Kanamycin (K): 80.3%, Ciprofloxacin (CIP): 72.72% and
Neomycin (N): 69.70%. The second group included the antibiotics to which
there were moderate levels of resistance (30% to 69%); these were Gentamycin
(CN): 50% and Chloramphenicol (C): 39.39%. The third group included the
antibiotics to which there were low levels of resistance (0% to 30%); these were

Nitrofurantoin (F): 18.18% and Cephalexin (CL): 12.12%.

Table 4.1: Antimicrobial sensitivity of E. coli isolates

Tetracycline (TE) 66 (100)
Ampicillin (AMP) 55 (83.33)
Amoxicillin (AML) 55 (83.33)
High level Kanamycin (K) 53 (80.30)
Ciprofloxacin (CIP) 48 (72.72)
Neomycin (N) 46 (69.70)
Gentamycin (CN) 33 (50.00)
Moderate level Chloramphenicol (C) 26 (39.39)
Nitrofurantoin (F) 12 (18.18)
Low level Cephalexin (CL) 8 (12.12)
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Each of the sixty six E. coli isolates showed resistance to two antibiotics at least
(Figure 4.1).

%o of Resistant Strains

20.00%

18.00%

16.00%

14.00%

12.00%

10.00%

8.00%
6.00%
4.00%
2.00%

0.00%

Number of Antibiotics

Fig. 4.1: APEC isolates resistance for antibiotic screened

Further exploration the association between resistance to the used antibiotics to
reveal possible resistance patterns. Table 4.2 shows nine different patterns of the
sixty six E. coli isolates. Pattern number 1 (TE/AMP/AML/N/CIP/K) was the
most common pattern (43.94%) and pattern number 8 and 9
(TE/AML/N/CIP/K) and (TE/AMP) showed the least common patterns
(3.03%).

Table 4.2: Resistance pattern of E. coli isolates for the most six common antibiotics

Antimicrobial agent ‘

Resistance pattern ID  AML ~ AMP  CIP K N TE Number of
isolates (%)

1 R R R R R R 29 (43.94)
2 R R S R R R 10 (15.15)
3 R R S S S R 6(9.1)
4 R R R S S R 5 (7.57)
5 S S R R R R 5 (7.57)
6 S S R R S R 4 (6.06)
7 R R R R S R 3 (4.55)
8 R S R R R R 2 (3.03)
9 S R S S S R 2 (3.03)
Number of resistant 55 55 48 53 46 66
isolates (%) (83.33) (83.33) (72.72) (80.30)  (69.70)  (100.00)
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4.3 Multiplex PCR

In order to setup and optimize a useful multiplex PCR reaction, initial
experiments we performed on the APEC reference strain O78y7122, which is
known to harbor different APEC virulence genes including: astA, ireA, iss, irp2,
papC, iucD, tsh, vat and cvaC. In the first experiment, gene-specific PCR
reactions for each virulence factor were performed separately to determine the
optimum conditions most appropriate for these reactions, to reach the most
appropriate condition for multiplexing. Through several experiments and after
testing different conditions and concentrations, the optimum conditions for
these reactions were as following: 25ul PCR reaction mixtures containing 1ul of
each primer in a 10 pmol concentration, 2ul 10mM of dNTPs, 3ul of 10X PCR

buffer, 3 ul of 20 mM MgCly, and 1 unit of Tag-polymerase. The samples were

subjected to 30 cycles of amplification including five steps: stepl, 5 min at
94°C; step2, 45 sec at 94°C; step3, 40 sec at 57°C; step4, 1 min at 72°C (step2—

step4, repeated 30 times); step5, 10 min at 72°C.

For multiplex protocol, it was more difficult to optimize the reaction conditions,
the conditions should be optimized to be compatible for all gene-specific
primers to work at the same time. For the multiplex PCR protocol, the eight
virulence genes could not be simultaneously under the given conditions;

concentrations and annealing temperature that equal to (T, = 57°C) of gene-

specific PCR reactions. So the challenge was to determine the concentrations

and volumes of the PCR reaction that are suitable for the multiplex protocol.
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Several experiments led to the optimum conditions that can be adopted to detect
the eight target virulence genes. The conditions were as follows: PCR reaction
mixture 50ul containing 0.5ul of each primer in a 10 pmol concentration, 4pl
10mM of dNTPs, 5ul of 10X PCR buffer, 8 ul of 20 mM MgCI2, and 5 units of
Tag-Polymerase, with 30 cycles of amplification including five steps: stepl, 5
min at 94°C; step2, 1 min at 94°C; step3, 45 sec at 55°C; step4, 2 min at 72°C
(step2—step4, repeated 30 times); step5, 10 min at 72°C. Figure 4.2 shows the
results obtained with the gene-specific PCR reaction are consistent with the

multiplex PCR.

100bp ladder cvi iss astA iucD papC  vat tsh irp2  multiplex 100bp ladder

Fig 4.2: Results obtained for APEC reference strain O78y7122 with the gene-specific PCR
reaction in comparison to the multiplex PCR. Lanes 1&11: 100pb DNA ladder; lane 2: cvi
114bp; lane 3: iss 184bp; lane 4: astA 266bp; lane 5: iucD 431bp; lane 6: papC 537bp; lane 7: vat
676bp; lane 8: tsh 786bp; lane 9: irp2 886bp; lane 10: multiplex PCR for (cvi, iss, astA, iucD,
papC, vat, tsh and irp2) genes

The efficiency of the multiplex PCR versus the gene-specific PCR reactions was

further assessed using 12 isolates selected randomly from the 66 positive
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samples. The results of this comparison were confirmatory and they showed
almost identical pattern of virulence genes in both PCR protocols (Figure 4.3).
This gave a clear indication that the new multiplex PCR protocol can be
considered as an effective method for screening of these groups of virulence

factors.

100bp ladder cvi iss astA iucD  papC  vat tsh irp2  multiplex 100bp ladder

1500bp

1000bp
900bp
800bp
700bp
600bp
500bp

400bp
300bp

200bp

100bp

Fig. 4.3: Isolate 031NS Compatibility of the multiplex PCR protocol with gene-specific PCR
results for the eight virulence genes. Lanel&11: 100pb DNA ladder; lane 2: cvi 114bp; lane 3:
iss 184bp; lane 4: astA 266bp; lane 5: iucD 431bp; lane 6: papC 537bp; lane 7: vat 676bp; lane
8: negative tsh; lane 9: negative irp2; lane 10: multiplex PCR for (cvi, iss, astA, iucD, papC and
vat) genes.

4.4 Genetic profile of the Isolates

In order to rule out the mixed infection by more than E. coli strain, a pilot
experiment was performed for 15 isolates. For each isolate, six colonies were
picked from the enriched culture and were tested individually by the multiplex
PCR. The results showed that the 6 colonies of each isolate have the same
genetic profile for the 8 virulence factors. Figure 4.4 shows a typical result of

the genetic-profile compatibility of 6 colonies from two different isolates.
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Fig. 4.4: Compatibility of geﬁetic profile of 6 random colonies of the same isolate of 0~rigin. Lanel: 100bp
DNA ladder; lanes 2-7: Individual colonies of isolate 002BM; lanes 8-13: Individual colonies of isolate
015RH

The optimized multiplex PCR reaction was used to screen the whole panel of
the 66 isolates. (Figure 4.5) represents typical gel electrophoresis results of the

multiplex PCR for a group of isolates used in this study.
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1000bp
irp2. 900bp
tsh = 800bP
vat == 700bp
600bp
. 500bp
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200bp
iss =

cvi == 100bp

Fig. 4.5: Agarose gel electrophoresis of the multiplex PCR products with representative APEC
isolates carrying various combinations of virulence determinants. Lane 1: 100bp DNA ladder;
lane 2: Isolate 022QH; lane 3: Isolate 021HN; lane 4: Isolate 024JN; lane 5: Isolate 027BM;
lane 6: Isolate 028RH; lane 7: Isolate 014RH; lane 8: Isolate 030RH; lane 9: Isolate 023RH;
lane 10: Isolate 016HN; lane 11: Isolate 029HN; lane 12: Isolate 020ST; lane 13: Isolate 054NS;
lane 14: Isolate 052HN; lane 15: Isolate 033BM.

The prevalence of the eight virulence genes in the whole panel of isolates is
shown in (Table 4.3). Two virulence genes; iss and cvi showed the highest

prevalence (100%), while astA (98.48%) and iucD (78.79%) were less
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prevalent. The genes vat (34.85%) and papC (31.81%) were present in about
one third of the tested strains. To a lesser extent multiplex PCR identified irp2
(19.70%) and tsh (10.61%). The profiles of the virulence genes for the sixty six

isolates are shown in (Appendix 2).

Table 4.3: Prevalence of virulence-associated genes in APEC isolates included in this study as detected
by multiplex PCR

Immunity Adhesion Toxin Serum Iron uptake
Tested strains . _surV|vaI _ _

cvi papC  tsh astA  vat iss iucD  irp2
n =66 66 21 7 65 23 66 52 13
% 100 31.81 10.61 98.48 34.85 100 78.79 19.70

More than 91% of the isolates showed four virulence genes at least, four
virulence associated genes are considered as minimal cut-off number of genes
for avian E. coli to be considered pathogenic strain (Ewers et al., 2005); all

strains possessed two virulence genes at least. Data obtained are presented in

(Figure 4.6).
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Fig. 4.6: Number of the virulence associated genes detected in isolates
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CHAPTER FIVE

DISCUSSION

5.1 Samples Identification

In the present study 83 samples of colibacillosis suspected broiler chicken were
used to study and characterize avian pathogenic E. coli. 66 samples showed
positive for E. coli, while the other 17 samples were negative. The lack of E.
coli in these samples can be due to different reasons. After a recheck of the
farms’ history, it was noted that many of these samples were obtained from
farms that had been subjected to antibiotic treatment directly after the onset of
the disease, it is known that antibiotic treatment prevents the isolation of
pathogens in most cases. On the other hand, it is known that the pathogenicity
of E. coli passes through several stages and the last stage is the colonization of
the internal organs, since internal organs were the source of isolates, it is
possible that the disease itself has not reached the advanced stages, this means
that the bacteriadid not reach the colonization level at the internal

organs. This may have contributed to inability to obtain the bacteria due to its
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absence from the sample tissue. Also, other pathogens rather than APEC may

have caused similar diseases which explain the absence of APEC.

5.2 Enrichment step

In this study, the specimens that were initially obtained from internal organs
were inoculated in a special EC Broth medium that contains 4-
methylumbelliferyl- g-D-glucuronide (MUG). The EC-MUG medium was used
for its ability to selectively enrich E. coli bacteria due to the special additives
that it contains. This medium consists of lactose as carbon source, 0.15% bile
salts as a selective agent against gram positive bacteria, and 4-

methylumbelliferyl- p-D-glucuronide (MUG) compound which can be

hydrolyzed by glucuronidase enzyme produced by E. coli to yield a fluorogenic
product which is detectable under long-wave (366 nm) UV light. While E. coli
bacterium is a gas producer bacteria and has the ability to grow at 44.5°C, the
enrichment of E. coli in EC-MUG at 44.5°C for 22 to 26 hours with
fluorescence and gas production is considered as specific indicator for E. coli

enrichment.

Selection may have affected the results by eliminating other similar bacteria
such as shigella which may share genetic markers with APEC. The specific
enrichment and selection of E. coli in our study was necessary to reduce the
false positive results that may appear from other gram negative bacterial species
such as Salmonella Typhimurium, and Shigella flexneri which may harbor the

same ColV plasmid.
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5.3 Multiplex protocol

In order to ensure good performance of multiplex PCR, PerlPrimer v1.1.19
software was used to examine essential primer criteria. All primers were
analyzed carefully to optimize the melting temperatures, secondary structures,
self and cross dimerization, and homology to non-specific genomic template
either from E. coli itself or from host genome. Using primers that were used in
other similar studies was deliberately avoided unless they were carefully
analyzed for the mentioned criteria. Some primer pairs that were used in other
studies have dissimilar annealing temperature reaching 13°C and some of these
primers suffer from a strong cross dimerization which might affect

amplification efficiency (Ewers et al., 2005, Wen-Jie et al., 2008).

5.4 Molecular identification

This study targeted 8 virulence genes that are typically associated with APEC
and they are grouped into five functional classes; genes essential for adhesion
(papC and tsh), toxin genes (astA and vat), serum resistance (iss), iron uptake
(irp2 and iucD), and cvi gene which protect E. coli against bacteriocin (Ewers et

al., 2005).

The eight virulent genes were present in different combinations ranging from
two genes in some isolates to seven genes in other isolates. It is interesting to
notice that the pattern of virulent genes in each isolate tends to represent the
different functional classes. This might indicate that these genes work in
integrated manner to ensure the ability of bacteriato surviveand to

move from one stage to the next until a full bloom colibacillosis.
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The cvi gene was detected samples that were E. coli positive. The importance of
this gene is that it confers the immunity to bacteria against a specific bacteriocin
as it encodes the colicin V immunity protein (Fath et al., 1991). In ColV
plasmid containing bacteria, colicin V immunity protein can protect the cell
against colicin V encoded and secreted by a dedicated export system (Skvirsky

etal., 1995).

Adhesion to the lung cells of the bird is essential to APEC especially during the
early stages of infection. Pilus is the main virulence factor involved in adhesion
of pathogenic E. coli to the host cells including: type 1, P, and curli pilus
(Dozois et al., 1992). The subunit C of type 1 pilus is encoded by fimC gene,
and papC gene. papC is the main functional gene of P pilus. This gene was
identified in 31.81% of the sixty six E. coli isolates. This frequency is in
agreement with previous work which showed (30.0%) (Janben et al., 2001).
Compatible to a previous work by Ngeleka et al which showed (15.4%)
(Ngeleka et al., 2002); only 10.61% of isolates in this study were positive for
tsh gene, which is another adhesion- related factor (Tivendale et al., 2004). This
might indicate that the presence of tsh gene is not necessary to increase the level
of pathogenicity of APEC. It is interesting to notice that the 62% of the
examined isolates neither have papC nor tsh adhesion genes. This does
not mean that these isolates do not contain any gene coding for adhesion factor.
In fact there are several adhesion associated genes that were not examined in

this study. Therefore, it is, possible that such isolates contain one or more of the
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unexamined adhesion factors. This opens a new avenue for investigating the

adhesion factors and tissue tropism association.

Iron acquisition systems have been recognized to be associated with bacterial
virulence especially in bacteria causing septicemia (Headley et al., 1997,
Gophna et al., 2001, Barghouthi et al., 1989). 80.30% of isolates have at least
one of the two examined iron acquisition encoding genes iucD and irp2.This
result demonstrates, indeed, the importance of iron acquisition systems during
pathogenesis. In fact, bacteria depend on these systems to get the heme
molecule to survive in their host and in aquatic habitats. Remarkably, iucD gene
that belongs to the aerobactin iron acquisition system stands as the major factor
for regulating iron uptake in E. coli. It was also described as part of the PAI
Shigella island-2 (Vokes et al., 1999). It was found that 79% of the examined
APEC isolates were positive for iucD gene. This result is in agreement with
several reports which demonstrated that most APEC strains (63% — 98%)
express the iucD aerobactin iron acquisition system (Ngeleka et al., 1996,

Ewers et al., 2004).

In this study, all isolates were positive for increased serum survival gene (iss).
Johnson et al demonstrate that iss is significantly associated ( p < 0.0001) with
APEC strains than nonpathogenic strains and may be an indicative of its ability
to cause disease (Johnson et al., 2002, Johnson et al., 2008). Three alleles of iss
gene have been identified; one of them is harbored in the ColV virulence

plasmids and the others two are chromosomal (Johnson et al., 2008). Thus, iss
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has a vital role in E. coli pathogenicity and could be a potential target for

developing novel therapeutics and prevention strategies.

Secretory toxins play key role in enabling pathogenic E. coli to influence
the biological processes of the host (Qadri et al., 2005). In E. coli samples,
98.48% were positive for the astA toxin gene. This gene encodes for a peptide
enterotoxin-1sequence that is heat-stable, which is a member of heat-stable

secretory enterotoxins (STs). STs remain active at temperatures as high as

100°C while they can keep their 3D structure in such high temperatures (Whipp
et al., 1975, Kapitany et al., 1979). STs can recognize different receptors on the
surface of host cells and affect different intracellular signaling pathways

(Hasegawa and Shimonishi, 2005).

About 35% of the isolates were positive for vatgene. Vacuolating
autotransporter toxin (Vat), the product of vat gene, which plays a major role in
protein hydrolysis as a result of serine-type endopeptidase activity (Parreira and
Gyles, 2003). Vat has been shown as a factor involved in the pathogenicity of
APEC strains (Parreira and Gyles, 2003, Ewers et al., 2004, Ewers et al., 2005).
In addition to its adhesion related function, Tsh protein which is the product
of tsh gene, shows a serine-type endopeptidase function similar to Vat (Parreira

and Gyles, 2003).

5.5 Antibiotic susceptibility
Comparing data with studies performed in Europe, United States and Japan

(Blanco et al., 1997, David and Burch, 2000, ROY et al., 2006) Palestinian
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isolates were relatively more resistant for antibiotics than European, United

States, and Japan isolates (Table 5.1).

Table 5.1: Comparing antibiotic resistance results to previous works

Antibiotics Blancoetal.,, David and Royetal.,  This study
1997 Burch, 2000 2006
Tetracycline (TE) 94 56 31 100
Ampicillin (AMP) 35 62 - 83.3
Amoxicillin (AML) - 15 - 83.3
Kanamycin (K) 19 - - 80.3
Ciprofloxacin (CIP) 17 - 21 72.7
Neomycin (N) 14 83 - 69.7
Gentamycin (CN) 14 - 19 50.0
Chloramphenicol (C) 25 - 31 39.4
Nitrofurantoin (F) 49 - 16 18.2
Cephalexin (CL) - - - 12.1

In Palestine, the Central Veterinary Laboratory confirmed that there was an
exaggerate misuse of antibiotics in the poultry sector, which may have enhanced
antibiotic selection of resistant strains in various zoonotic pathogens.
Unfortunately, there were no studies about the actual consumption rates of
antibiotics in the Palestinian poultry sector. However, comparing obtained
results of antibiotic resistance with the information available at the Central
Veterinary Laboratory, showed a positive correlation between the consumption
and resistance frequency. For example, farmers rarely use Nitrofurantoin and
Cephalexin which show a good antibacterial activity, whereas the majority of

isolates were fairly resistant to Tetracycline, Ampicillin, Amoxicillin,
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Kanamycin, and Ciprofloxacin, which are themselves or their closely related

antibiotics are commonly used (CVLs).

The indiscriminate use of antibiotics in Palestine may have a major role in
increasing resistance in E. coli, which has a distinctive ability to adapt with its
surrounding environment. Through field trips to more than 15 poultry farms it
was observed that all visited farms were routinely subjected to various types of

antibiotics as “a preventive prophylactic measure” as they said.

In addition to the misuse of antibiotics, the lack of biosafety standards during
rearing and transporting birds can play a major role in accelerating the
development of resistance in E. coli as well as many other pathogenic
organisms. For example, the lack of proper sterilization for the farm between
the consecutive breeding cycles, the poor hygienic conditions, and malpractices
during preslaughter handling and transportation can create an ideal environment
for the genetic transfer of antibiotic resistant genes within and across species

(Rule et al., 2008).

E. coli is one the main reservoirs of moveable elements of antibiotic resistance.
The high capacity of these bacteria for horizontal gene transfer poses a clear
danger for the antibiotics future (Warren et al., 2008). The ability of these
bacteria is not limited to transfer of the genetic contents into other E. coli
strains; in fact, E. coli is a common member of biofilms where many species of
bacteria exist in close proximity to each other allowing genetic exchange of

antibiotic resistance including multidrug resistant plasmids to other bacteria.
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Subsequently  recipient  bacteria gain  the ability to resist many

kinds of antibiotics (Salyers et al., 2004, Perfeito et al., 2007, Summers, 2006).

Recently, many of extended-spectrum beta-lactamases (ESBL) producing E.
coli have become a world-wide problem. The ESBL-positive E. coli strains are
highly resistant to a broad range of antibiotics. Controlling such strains with
commonly used antibiotics is ineffective; currently there are very few
antibacterial alternatives that remain effective against these multi-resistant

pathogens (Paterson and Bonomo, 2005, Yang et al., 2004).

It is very important to control APEC because it represents a grave danger to
domestic animals and is a potential source of transferring multi-drug resistance
genes to human specific E. coli or other bacteria such as Staphylococcus aureus
and shigella strains (Salyers et al., 2004, Elena et al., 2005, Wolf et al.,
1979). The fact that this pathogen is naturally present in daily consumed food

should be considered as a serious public health and food biosafety issue.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
= The improved multiplex protocol is able to detect eight of APEC
pathogenicity related genes to give a picture regarding the virulence

factors profile

=  The minimal cutoff number of virulence factors is four factors; 91% of

the identified isolates had 4 or more virulence factors.

= Most of the identified isolates are multidrug resistance to different types

of antibiotics screened in the study

6.2 Recommendations

Because the poultry sector in Palestine is a very important sector on the health
and economic levels, there is a vital need to monitor and develop this sector
through  concerted efforts, especially between the involved responsible

authorities, farmers, and consumers.
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= Authorities can enact different roles to support such areas economically
and to meet the farmers’ needs. Authorities can plan research studies on
the national level, which puts Palestine on the map and determine the

level of agriculture sector in Palestine relative to international standards.

= Farmers have to follow rules based upon scientific consultation

in poultry farming and antibiotic use.

= Consumers have the right to obtain healthy food sources that are

certified by the Ministry of Health.
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APPENDICES

Appendix 1: Antibiotic susceptibility results for the sixty six isolates

Zone of inhibition
Isolate Antibiotic FII’S.t Seco.nd Th":d Mean Susceptibility
reading | reading reading
mm mm mm mm

001RH Amoxicillin 20 20 19 20 S
Ampicillin 19 20 19 19 S
Cephalexin 19 19 19 19 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 14 14 14 14 R
Gentamycin 18 18 18 18 S
Kanamycin 12 12 11 12 R
Neomycin 17 17 17 17 S
Nitrofurantoin A YA YA YA S
Tetracycline NZ NZ NZ NT R

002BM Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 17 18 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 14 14 14 14 R
Gentamycin 9 10 9 9 R
Kanamycin NZ NZ NZ NT R
Neomycin NZ NZ NZ NT R
Nitrofurantoin YA YA YA YA S
Tetracycline NZ NZ NZ NT R

003JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 17 18 18 S
Chloramphenicol 10 11 10 10 R
Ciprofloxacin 13 13 13 13 R
Gentamycin 10 10 10 10 R
Kanamycin NZ NZ NZ NT R
Neomycin 11 11 11 11 R
Nitrofurantoin A YA YA YA S
Tetracycline NZ NZ NZ NT R

004RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 23 23 23 23 S
Gentamycin NZ NZ NZ NT R
Kanamycin NZ NZ NZ NT R
Neomycin NZ NZ NZ NT R
Nitrofurantoin Y. \K \K Y. S
Tetracycline NZ NZ NZ NT R

005TM Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 18 18 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin NZ NZ NZ NT R
Gentamycin 8 8 8 8 R
Kanamycin NZ NZ NZ NT R
Neomycin 12 12 12 12 R
Nitrofurantoin ‘4 14 14 )4 S
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Tetracycline NZ NZ NZ NT R
006RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 12 12 12 12 R
Chloramphenicol 10 10 10 10 R
Ciprofloxacin 23 23 23 23 S
Gentamycin 20 20 21 20 S
Kanamycin NZ NZ NZ NT R
Neomycin 17 17 17 17 R
Nitrofurantoin 14 ‘4 ‘4 4 S
Tetracycline NZ NZ NZ NT R
007JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 24 24 24 24 S
Gentamycin 19 19 19 19 S
Kanamycin NZ NZ NZ NT R
Neomycin 8 8 8 8 R
Nitrofurantoin 17 17 17 17 S
Tetracycline NZ NZ NZ NT R
008RH Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 18 19 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 10 10 10 10 R
Gentamycin 22 22 21 22 S
Kanamycin 19 19 19 19 S
Neomycin 18 18 18 18 S
Nitrofurantoin 17 17 17 17 S
Tetracycline NZ NZ NZ NT R
009NS Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 20 20 20 S
Chloramphenicol 10 10 10 10 R
Ciprofloxacin NZ NZ NZ NT R
Gentamycin 7 7 7 7 R
Kanamycin NZ NZ NZ NT R
Neomycin 9 9 9 9 R
Nitrofurantoin 17 17 17 17 R
Tetracycline NZ NZ NZ NT R
011TS Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 20 18 19 S
Chloramphenicol 21 21 21 21 S
Ciprofloxacin 25 25 25 25 S
Gentamycin 19 18 19 19 S
Kanamycin 18 18 18 18 S
Neomycin 17 17 17 17 S
Nitrofurantoin 14 ‘4 ‘4 )4 S
Tetracycline NZ NZ NZ NT R
013RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 11 11 10 11 R
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 24 24 24 24 R
Gentamycin 10 10 10 10 R
Kanamycin 18 19 19 19 S
Neomycin 8 8 8 8 R
Nitrofurantoin 18 18 18 18 S
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Tetracycline NZ NZ NZ NT R
014RH Amoxicillin 10 10 11 10 R
Ampicillin 8 9 8 8 R
Cephalexin 18 18 18 18 S
Chloramphenicol 11 11 11 11 R
Ciprofloxacin 13 13 13 13 R
Gentamycin 9 9 9 9 R
Kanamycin 11 11 11 11 R
Neomycin 12 11 11 11 R
Nitrofurantoin 14 ‘4 ‘4 4 S
Tetracycline NZ NZ NZ NT R
015RH Amoxicillin 12 11 11 11 R
Ampicillin 7 6 8 7 R
Cephalexin 9 9 9 9 R
Chloramphenicol 9 8 9 9 R
Ciprofloxacin 21 22 22 22 S
Gentamycin 18 18 18 18 S
Kanamycin 20 20 20 20 S
Neomycin 18 18 18 18 S
Nitrofurantoin \h 'Y 'Y Vv S
Tetracycline NZ NZ NZ NT R
016HN Amoxicillin 19 19 19 19 S
Ampicillin 18 18 18 18 S
Cephalexin 21 21 21 21 S
Chloramphenicol 23 22 22 22 S
Ciprofloxacin 10 10 10 10 R
Gentamycin 18 18 18 18 S
Kanamycin NZ NZ NZ NT R
Neomycin 19 19 19 19 S
Nitrofurantoin s 'Y 'Y VY R
Tetracycline NZ NZ NZ NT R
017TM Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 20 20 20 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 11 10 11 11 R
Gentamycin 10 10 10 10 R
Kanamycin NZ NZ NZ NT R
Neomycin 11 11 11 11 R
Nitrofurantoin A N N N R
Tetracycline NZ NZ NZ NT R
018RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol 19 19 19 19 S
Ciprofloxacin 12 12 12 12 R
Gentamycin 21 21 21 21 S
Kanamycin 10 10 10 10 R
Neomycin 11 11 11 11 R
Nitrofurantoin 'Y 'Y 'Y 'Y R
Tetracycline NZ NZ NZ NT R
019JN Amoxicillin 10 10 10 10 R
Ampicillin 8 8 9 8 R
Cephalexin 18 19 19 19 S
Chloramphenicol 18 18 19 18 S
Ciprofloxacin 24 23 24 24 S
Gentamycin 19 19 19 19 S
Kanamycin 19 19 19 19 S
Neomycin 19 19 19 19 S
Nitrofurantoin YA YA YA YA S
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Tetracycline NZ NZ NZ NT R
020ST Amoxicillin 12 12 13 12 R
Ampicillin 12 10 11 11 R
Cephalexin 18 18 18 18 S
Chloramphenicol 21 21 20 21 S
Ciprofloxacin 8 8 8 8 R
Gentamycin 18 18 18 18 S
Kanamycin 20 19 20 20 S
Neomycin 18 18 18 18 S
Nitrofurantoin 14 ‘4 ‘4 4 S
Tetracycline NZ NZ NZ NT R
021HN Amoxicillin 26 25 25 25 S
Ampicillin 22 22 22 22 S
Cephalexin 18 19 19 19 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 9 9 8 9 R
Gentamycin 19 18 19 19 S
Kanamycin 11 10 10 10 R
Neomycin 21 20 20 20 S
Nitrofurantoin \h YA YA YA S
Tetracycline NZ NZ NZ NT R
022QH Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 21 21 21 21 S
Chloramphenicol 19 19 19 19 S
Ciprofloxacin 10 9 10 10 R
Gentamycin Nz NZ NZ NT R
Kanamycin NZ NZ NZ NT R
Neomycin 10 10 10 10 R
Nitrofurantoin 'Y 'Y 'Y 'Y R
Tetracycline NZ NZ NZ NT R
023RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 22 22 22 22 S
Chloramphenicol 21 21 21 21 S
Ciprofloxacin 24 24 23 24 S
Gentamycin 16 16 15 16 S
Kanamycin 10 10 10 10 R
Neomycin 12 11 11 11 R
Nitrofurantoin \K Y. Y. Y. S
Tetracycline NZ NZ NZ NT R
024JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 18 18 S
Chloramphenicol 17 18 18 18 S
Ciprofloxacin NZ NZ NZ NT R
Gentamycin 12 11 11 11 R
Kanamycin NZ NZ NZ NT R
Neomycin NZ NZ NZ NT R
Nitrofurantoin K] VY VY VY R
Tetracycline NZ NZ NZ NT R
025RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 18 19 S
Chloramphenicol 24 24 24 24 S
Ciprofloxacin 12 11 12 12 R
Gentamycin 19 18 19 19 S
Kanamycin 11 11 11 11 R
Neomycin 10 10 10 10 R
Nitrofurantoin Yy Yy Yy Yy S
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Tetracycline NZ NZ NZ NT R
026JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 21 21 21 21 S
Chloramphenicol 23 23 23 23 S
Ciprofloxacin 13 12 12 12 R
Gentamycin 18 18 18 18 S
Kanamycin 21 20 20 20 S
Neomycin V4 V4 V4 V4 S
Nitrofurantoin Yo Y. Y. Y. S
Tetracycline NZ NZ NZ NT R
027BM Amoxicillin 23 23 23 23 S
Ampicillin 20 19 19 19 S
Cephalexin 20 19 20 20 S
Chloramphenicol 24 24 23 24 S
Ciprofloxacin 12 12 12 12 R
Gentamycin 16 16 16 16 S
Kanamycin 8 8 8 8 R
Neomycin A 4 4 4 R
Nitrofurantoin \E \E \E Ve R
Tetracycline NZ NZ NZ NT R
028RH Amoxicillin 10 10 10 10 S
Ampicillin 10 10 10 10 R
Cephalexin 18 18 18 18 S
Chloramphenicol 24 24 24 24 S
Ciprofloxacin 25 25 24 24 S
Gentamycin 17 16 16 16 S
Kanamycin 18 18 18 18 S
Neomycin YA YA YA YA S
Nitrofurantoin Yo \K \K Yo S
Tetracycline NZ NZ NZ NT R
029HN Amoxicillin 9 8 7 8 R
Ampicillin 7 7 8 7 R
Cephalexin 8 8 8 8 R
Chloramphenicol 22 22 22 22 S
Ciprofloxacin 14 14 14 14 R
Gentamycin 12 11 11 11 R
Kanamycin 12 12 12 12 R
Neomycin 'Y 'Y 'Y 'Y R
Nitrofurantoin \K ‘4 ‘4 ‘4 S
Tetracycline NZ NZ NZ NT R
030RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 11 11 10 11 R
Chloramphenicol 22 22 22 22 S
Ciprofloxacin 7 7 8 7 R
Gentamycin 10 10 10 10 R
Kanamycin 11 11 11 11 R
Neomycin A Ve N N R
Nitrofurantoin 'Y ‘v Vv Vv S
Tetracycline NZ NZ NZ NT R
031NS Amoxicillin 20 20 19 20 R
Ampicillin 18 18 18 18 R
Cephalexin 18 17 18 18 S
Chloramphenicol 22 22 22 22 S
Ciprofloxacin 11 11 11 11 R
Gentamycin 18 18 18 18 S
Kanamycin NZ NZ NZ NT R
Neomycin A A A A R
Nitrofurantoin 'Y 'Y 'Y 'Y R
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Tetracycline NZ NZ NZ NT R
032JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 18 18 S
Chloramphenicol 28 27 28 28 S
Ciprofloxacin 12 11 12 12 R
Gentamycin 8 8 8 8 R
Kanamycin 10 10 10 10 R
Neomycin V4 V4 V4 V4 S
Nitrofurantoin 14 ‘4 ‘4 4 S
Tetracycline NZ NZ NZ NT R
033BM Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 11 10 10 10 R
Chloramphenicol 21 22 21 21 S
Ciprofloxacin 10 10 10 10 R
Gentamycin 10 10 9 10 R
Kanamycin 11 12 11 11 R
Neomycin 1) N N N R
Nitrofurantoin YA ‘4 ‘4 V4 S
Tetracycline NZ NZ NZ NT R
034NS Amoxicillin 12 11 11 11 R
Ampicillin 12 10 10 11 R
Cephalexin 9 10 10 10 R
Chloramphenicol 24 23 24 24 S
Ciprofloxacin 12 11 11 11 R
Gentamycin 11 11 11 11 R
Kanamycin 13 13 13 13 R
Neomycin \E \E Ve Ve R
Nitrofurantoin VA YA YA YA S
Tetracycline NZ NZ NZ NT R
035J0 Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 18 19 S
Chloramphenicol 23 23 23 23 S
Ciprofloxacin 11 11 11 11 R
Gentamycin 21 21 21 21 S
Kanamycin NZ NZ NZ NT R
Neomycin 4 a 4 4 R
Nitrofurantoin YA A YA YA S
Tetracycline NZ NZ NZ NT R
036RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 19 18 S
Chloramphenicol 20 20 20 20 S
Ciprofloxacin 26 26 26 26 S
Gentamycin 19 18 19 19 S
Kanamycin 12 12 12 12 R
Neomycin AR AR AR AR R
Nitrofurantoin 14 \K ‘4 )4 S
Tetracycline NZ NZ NZ NT R
037IN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 21 20 20 S
Chloramphenicol 7 8 8 8 R
Ciprofloxacin 7 7 7 7 R
Gentamycin 16 17 16 16 S
Kanamycin 12 11 11 11 R
Neomycin 'Y 'Y 'Y 'Y R
Nitrofurantoin Y Y Y Y S
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Tetracycline NZ NZ NZ NT R
038RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 22 20 21 S
Chloramphenicol 21 21 21 21 S
Ciprofloxacin 9 8 8 8 R
Gentamycin 17 17 17 17 S
Kanamycin 19 19 19 19 S
Neomycin VY YA YA YA S
Nitrofurantoin A 'Y 'Y ‘v S
Tetracycline NZ NZ NZ NT R
039RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 19 19 19 S
Chloramphenicol 22 23 23 23 S
Ciprofloxacin 24 24 23 24 S
Gentamycin 17 17 17 17 S
Kanamycin 18 18 18 18 S
Neomycin VA YA YA YA S
Nitrofurantoin YA YA YA YA S
Tetracycline NZ NZ NZ NT R
041HN Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 21 20 20 20 S
Chloramphenicol 21 20 21 21 S
Ciprofloxacin 23 23 21 22 S
Gentamycin 19 19 19 19 S
Kanamycin 17 18 18 18 S
Neomycin ‘4 YA 4 4 S
Nitrofurantoin 19 19 18 19 S
Tetracycline NZ NZ NZ NT R
042HN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol 23 23 23 23 S
Ciprofloxacin 20 21 21 21 S
Gentamycin 18 18 18 18 S
Kanamycin 18 18 18 18 S
Neomycin 14 ‘4 ‘4 ‘4 S
Nitrofurantoin YA YA YA YA S
Tetracycline NZ NZ NZ NT R
043RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 18 19 S
Chloramphenicol 21 21 21 21 S
Ciprofloxacin 9 9 9 9 R
Gentamycin 9 9 9 9 R
Kanamycin 13 12 12 12 R
Neomycin Y \K Yo Yo S
Nitrofurantoin VA YA YA YA S
Tetracycline NZ NZ NZ NT R
044N Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 18 18 S
Chloramphenicol 18 18 18 18 S
Ciprofloxacin 12 12 12 12 R
Gentamycin 18 18 18 18 S
Kanamycin NZ NZ NZ NT R
Neomycin A A A A R
Nitrofurantoin 19 19 18 19 S
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Tetracycline NZ NZ NZ NT R

045HN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 17 18 S
Chloramphenicol 8 8 8 8 R
Ciprofloxacin 12 11 12 12 R
Gentamycin 19 19 19 19 S
Kanamycin NZ NZ NZ NT R

Neomycin A A A A R
Nitrofurantoin R 1) " " R
Tetracycline NZ NZ NZ NT R

046RH Amoxicillin 10 8 8 9 R
Ampicillin 9 8 9 9 R
Cephalexin 19 18 19 19 S
Chloramphenicol 19 19 19 19 S
Ciprofloxacin 22 22 21 21 S
Gentamycin 19 19 19 19 S
Kanamycin NZ NZ NZ NT R

Neomycin A A A A R
Nitrofurantoin Yo \Kl Y. Y. S
Tetracycline NZ NZ NZ NT R

047TM Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 22 22 22 22 S
Chloramphenicol 21 22 22 22 S
Ciprofloxacin 11 11 10 11 R
Gentamycin 10 10 10 10 R
Kanamycin 8 8 8 8 R

Neomycin A A A A R
Nitrofurantoin Y Yy ) ) S
Tetracycline NZ NZ NZ NT R

049N Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 21 21 21 21 S
Chloramphenicol 10 10 9 10 R
Ciprofloxacin 21 20 21 21 S
Gentamycin 19 19 19 19 S
Kanamycin 10 10 10 10 R

Neomycin A A A A R
Nitrofurantoin 14 ‘4 ‘4 ‘4 S
Tetracycline NZ NZ NZ NT R

050RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol 10 10 10 10 R
Ciprofloxacin 22 22 21 22 S
Gentamycin 17 17 17 17 S
Kanamycin NZ NZ NZ NT R

Neomycin 4 4 4 4 R
Nitrofurantoin \K \K Y. Yo S
Tetracycline NZ NZ NZ NT R

051NS Amoxicillin 21 19 19 20 S
Ampicillin 19 18 18 18 S
Cephalexin 21 21 21 21 S
Chloramphenicol 19 19 18 19 S
Ciprofloxacin 12 12 12 12 R
Gentamycin 17 18 18 18 S
Kanamycin NZ NZ NZ NT R

Neomycin 4 4 4 4 R

S

Nitrofurantoin
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Tetracycline NZ NZ NZ NT R
052HN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 22 21 21 21 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 12 12 12 12 R
Gentamycin 10 10 10 10 R
Kanamycin 10 10 10 10 R
Neomycin AR ARl ARl ARl R
Nitrofurantoin Yy Y Y. Y S
Tetracycline NZ NZ NZ NT R
053HN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 20 20 20 S
Chloramphenicol 19 19 19 19 S
Ciprofloxacin 22 21 21 21 S
Gentamycin NZ NZ NZ NT R
Kanamycin NZ NZ NZ NT R
Neomycin A A A A R
Nitrofurantoin ‘4 ‘4 ‘4 V4 S
Tetracycline NZ NZ NZ NT R
054NS Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol 28 28 27 28 S
Ciprofloxacin 11 11 11 11 R
Gentamycin 21 21 21 21 S
Kanamycin 14 13 13 13 R
Neomycin YA YA YA YA S
Nitrofurantoin 14 ‘4 ‘4 )4 S
Tetracycline NZ NZ NZ NT R
055RH Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 18 18 19 18 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 8 8 8 8 R
Gentamycin 11 11 11 11 R
Kanamycin 10 10 10 10 R
Neomycin 'Y 'Y N 'Y R
Nitrofurantoin YA YA YA YA S
Tetracycline NZ NZ NZ NT R
056NS Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 17 18 18 18 S
Chloramphenicol 27 27 27 27 S
Ciprofloxacin NZ NZ NZ NT R
Gentamycin 17 16 17 17 S
Kanamycin NZ NZ NZ NT R
Neomycin B Ve Ve Ve R
Nitrofurantoin 14 YA YA YA S
Tetracycline NZ NZ NZ NT R
05710 Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 22 22 22 22 S
Chloramphenicol 26 26 26 26 S
Ciprofloxacin 14 15 14 14 R
Gentamycin 19 19 19 19 S
Kanamycin 12 12 12 12 R
Neomycin R ) " " R
Nitrofurantoin 14 ‘4 ‘4 ‘4 S
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Tetracycline NZ NZ NZ NT R

058HN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 19 19 19 S
Chloramphenicol 23 24 24 24 S
Ciprofloxacin 8 8 8 8 R
Gentamycin 8 8 8 8 R
Kanamycin NZ NZ NZ NT R

Neomycin \E \E Ve Ve R
Nitrofurantoin YA YA YA YA S
Tetracycline NZ NZ NZ NT R

059N Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 21 21 21 21 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 23 23 22 23 S
Gentamycin 11 11 11 11 R
Kanamycin NZ NZ NZ NT R

Neomycin R A " N R
Nitrofurantoin ‘4 ‘4 ‘4 4 S
Tetracycline NZ NZ NZ NT R

060JN Amoxicillin Nz NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 20 21 20 20 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 14 15 14 14 R
Gentamycin 24 24 24 24 S
Kanamycin 10 10 10 10 R

Neomycin B Ve Ve Ve R
Nitrofurantoin VA YA YA YA S
Tetracycline NZ NZ NZ NT R

061JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 20 20 20 S
Chloramphenicol NZ NZ NZ NT R
Ciprofloxacin 7 7 7 7 R
Gentamycin 16 16 16 16 S
Kanamycin 10 10 10 10 R

Neomycin 'Y 'Y 'Y 'Y R
Nitrofurantoin YA ‘4 ‘4 ‘4 S
Tetracycline NZ NZ NZ NT R

062JN Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 19 21 21 20 S
Chloramphenicol 10 10 10 10 R
Ciprofloxacin 14 14 14 14 R
Gentamycin 23 23 23 23 S
Kanamycin 19 19 19 19 S

Neomycin Y¢ Yé Yé Yé S
Nitrofurantoin Yy Yy Yy Yy S
Tetracycline NZ NZ NZ NT R

066RH Amoxicillin 20 20 20 20 R
Ampicillin 19 18 18 18 S
Cephalexin 18 18 18 18 S
Chloramphenicol 11 12 12 12 R
Ciprofloxacin 11 11 11 11 R
Gentamycin 9 9 9 9 R
Kanamycin 13 13 13 13 R

Neomycin 4 4 4 4 R

R

Nitrofurantoin
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Tetracycline NZ NZ NZ NT R

069JM Amoxicillin NZ NZ NZ NT R
Ampicillin NZ NZ NZ NT R
Cephalexin 22 22 22 22 S
Chloramphenicol 20 20 20 20 S
Ciprofloxacin NZ NZ NZ NT R
Gentamycin 20 20 21 20 S
Kanamycin NZ NZ NZ NT R

Neomycin \E \E Ve Ve R
Nitrofurantoin Yo Y Y. Y. S
Tetracycline NZ NZ NZ NT R

072QH Amoxicillin 22 22 21 22 S
Ampicillin 19 19 19 19 S
Cephalexin 21 20 20 20 S
Chloramphenicol 23 22 23 23 S
Ciprofloxacin 11 11 11 11 R
Gentamycin 22 21 22 22 S
Kanamycin 12 12 12 12 R

Neomycin 'Y 'Y N 'Y R
Nitrofurantoin ‘4 ‘4 ‘4 V4 S
Tetracycline NZ NZ NZ NT R

073J0 Amoxicillin 12 12 12 12 R
Ampicillin 11 11 10 11 R
Cephalexin 8 9 9 9 R
Chloramphenicol 12 12 12 12 R
Ciprofloxacin 12 12 11 12 R
Gentamycin 18 18 18 18 S
Kanamycin NZ NZ NZ NT R

Neomycin A A A A R
Nitrofurantoin A Ve Ve Ve R
Tetracycline NZ NZ NZ NT R

075RH Amoxicillin 21 21 21 21 R
Ampicillin 20 20 19 20 S
Cephalexin 21 21 20 21 S
Chloramphenicol 20 20 20 20 S
Ciprofloxacin 8 8 8 8 R
Gentamycin 19 19 19 19 S
Kanamycin NZ NZ NZ NT R

Neomycin A A A A R
Nitrofurantoin 4 a a 4 R
Tetracycline NZ NZ NZ NT R

078RH Amoxicillin 22 20 20 21 S
Ampicillin 20 18 19 19 S
Cephalexin 18 18 18 18 S
Chloramphenicol 11 11 11 11 R
Ciprofloxacin 14 14 14 14 R
Gentamycin 19 18 19 19 S
Kanamycin 13 13 13 13 R

Neomycin B Ve Ve Ve R
Nitrofurantoin 14 \K \K Yo S
Tetracycline NZ NZ NZ NT R

079RH Amoxicillin NZ NZ NZ NT S
Ampicillin NZ NZ NZ NT R
Cephalexin 21 20 20 20 S
Chloramphenicol 23 23 23 23 S
Ciprofloxacin 24 24 24 24 S
Gentamycin 18 18 18 18 S
Kanamycin 18 19 19 19 S

Neomycin 14 YA YA YA S
Nitrofurantoin Y Y Y Y S
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Tetracycline NZ NZ NZ NT R
081J0 Amoxicillin 19 19 19 19 S
Ampicillin 18 18 19 18 S
Cephalexin 19 19 19 19 S
Chloramphenicol 20 20 20 20 S
Ciprofloxacin 9 9 9 9 R
Gentamycin 8 8 8 8 R
Kanamycin 9 9 9 9 R
Neomycin YA YA AN YA S
Nitrofurantoin Yy Y Yy Yy S
Tetracycline NZ NZ NZ NT R

NZ: No Zone of inhibition

NT: Not Tested

Appendix 2: virulence factor profiles for the sixty six isolates
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P: Positive

N: Negative
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