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Summary

Extended-spectrum beta-lactamase (ESBL)-producing isolates of Gram-
negative bacteria (GNB) have emerged as a major problem in hospitalized and
community based patients. The objectives of this study were to determine the
occurrence and molecular types of ESBLsS causing resistance to extended-
spectrum cephalosporinsin clinical isolates of GNB.

A total of 613 clinical samples were collected from Al-Sadr Teaching
Hospital and Tuberculosis and Chest Disease Clinic in Naaf city from
November 2008 through February 2009. Those samples fell into two categories.
The first included 390-swabs for patients with wound infections. The second
category included 223 samples of sputum for patients experiencing symptoms
of lower respiratory tract infections.

In order to detect types of Gram-negative bacilli, those samples were
cultured on MacConkey agar medium to isolate the most common kinds of
bacteria, the result was 203 isolates.

After investigating the appearance and biochemical tests of 203 isolates, it
seemed that both Pseudomonas aeruginosa and Klebsiella spp. (62 isolates,
30.5% each) were the commonest, followed by Escherichia coli (56 isolates,
27.7%), and then Proteus spp. (23 isolates, 11.3%). Isolates of Klebsiella spp.
were identified as having a sub-specieslevel.

In order to detect the [B-lactamase producing bacilli, those bacilli were
tested for antibiotics sub-class aminopenicillin. The results revealed that 193
(95.1%) isolates were resistant to ampicillin and amoxicillin. 61 (31.6%) of
which were Klebsiella spp., 59 (30.6%) were Ps. aeruginosa, 52 (26.9%) were
E. coli, and 21 (10.9%) were Proteus spp.

To study the sengitivity of those isolates against general antibiotics, 22

types of different antibiotics were tested using Kirby-Bauer disc diffusion
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method. 174 (85.7%) isolates were considered to be multi-drug resistant,
because they were resistant to at least 3 classes of antibiotics. Those isolates
showed high resistance to cefazolin (87.7%) and low resistance to imipenem
(5.1%).

To detect extended-spectrum (-lactamase, phenotype methods were used
depending on CLSI (2007). 189 isolates were ESBL producers according to
initial screening method, whereas the confirmation method showed only 10
(5.2%) isolates carried ESBL enzymes. It is noteworthy that the difference in
number was large. A possible cause for this disparity was its producing AmpC
enzymes which as some researchers think, when it exists with high activity will
act as a mask against ESBL enzymes, what supports this probability was the
resistance of those isolates to cefoxitin.

On the other hand, the genotype method was used to detect the most
common four kinds of ESBLs, TEM, SHV, CTX-M, and OXA. For this
purpose, four kinds of species primers were used with the help of PCR and
electrophoresis systems. The outcome showed that 51 (82.3%) of 62 potential
ESBL producing Gram-Negative Bacterial isolates carried one or more genes of
the four enzymes mentioned above; 17 (27.4%) isolates carried bla tev; 21
(33.9%) isolates carried bla sy; 24 (38.7%) isolates carried bla crx.u; and 17
(27.4%) isolates carried bla oxa genes. It appeared clearly that those isolates
carrying ESBL genes were all multi-drug resistant.

In contrast to that, these isolates were highly sensitive to imipenem. Seeing
those results, it seems that the existence ratio of ESBL enzyme is considered to
be moderate athough there was no previous study to compare the occurrence of
CTX-M and OXA enzymes in the region of the study. The present results may
be a guide for choosing an appropriate therapy, particularly when treating
suspected ESBL -producing bacterial infections.
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Introduction

The B-lactam antibiotics are among the most important drugs used as a
bactericidal to fight bacterial infections, mainly against Gram-negative bacteria
(GNB). These drugs target the cell wall and typically do so by interfering with
peptidoglycan synthesis. Peptidoglycan is essential to the structural integrity of
the cell wall and its disruption allows the cell to succumb to osmotic lysis
(Zapun et al., 2008). These drugs are the most widely used group of antibiotics,
owing to their high effectiveness, low cost and minimal side effects (Wilke et
al., 2005).

During the last five decades, the overuse and sometimes misuse of
antimicrobials in both human and veterinary medicine has resulted in the
emergence of resistance mechanisms, allowing pathogenic bacteria to survive
antibiotic treatment (McDermott et al., 2003).

The various mechanisms of antimicrobia resistance in GNB include
changes in the permeability of the bacteria cell wall to prevent antimicrobial
agents to target sites, efflux of the antimicrobials out the bacterial cell, mutation
in the target site, as well as the [3-lactamase enzymes which considered as a
major mechanism of resistance in the Gram-negative bacteria (Piddock, 2006).
[3-lactamases are enzymes that cleave the amide bond of the four-membered
characteristic 3-lactam ring, rendering the antimicrobia ineffective (Babic et
al., 2006).

Antibiotic resistance in pathogens is increasing worldwide in both
outpatients as well as hospitalized patients, which are considered as a focus of
Infection. These resistances can be acquired by mutation or by the acquisition of
resistance genes from other organisms (Tenover, 2006).

Extended-spectrum beta-lactamases (ESBLs) have emerged as an

Important mechanism of resistance to 3-lactam antibiotics in GNB, mostly in
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Enterobacteriaceae, (Mendelson et al., 2005). They constitute one of the major
threats regarding pathogenic microorganisms because they are capable of
hydrolyzing and inactivating a wide variety of [-lactam antibiotics especialy
third-generation cephalosporins and monobactams (Paterson, 2006). These
enzymes are typically associated with multiple antibiotic resistances, leaving a
few therapeutic options. It is important to know the occurrence of ESBL
producing isolates as well as their antibiotic susceptibilities to newer agents to
guide empirical therapy for various infections (Tangja et al., 2008).

In lrag, researchers are now interested in the use of molecular techniques,
especially in those genes that produce various enzymes in bacteria which play
an important role in controlling the widespread and epidemiologic diseases that
may get access to the Iragi environment, particularly hospitals environment.

The genotypes of ESBL producing strains largely remain unknown in lrag;
hence, the present study aims to determine the occurrence of ESBLs in GNB,
their molecular types and associated risk factors in a wound and lower

respiratory tract infections.

The objectives of this study were to:
a) Determine the spread of various Gram-negative bacteria in wound and
lower respiratory tract infections.
b) Identify the occurrence of ESBL production among Gram-negative
bacteriaisolated from wound and lower respiratory tract infections.
¢) Describe the susceptibility patterns of the isolated Gram-negative bacilli.
d) Evauate the dissemination of bla gy, bla sqy, bla crxm, and bla oxa

genes among ESBL -producing isol ates.
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2.1. Bacterial Cell Wall:

The cell wall is an essential multilayered and a complex structure
located between the cytoplasmic membrane and capsule of most prokaryotic
cells. The nature of the bacterial cell wall determines the classification of a
bacterium as a Gram-positive and Gram-negative bacteria (GNB), because
of fundamental differences in the structure of their cell walls. It consists of
an inner layer of peptidoglycan (PG) (also called murein) in periplasmic
space and an outer membrane consisting of lipopolysaccharides (LPS) and
lipoproteins (Holt et al., 1994).

The peptidoglycan layer is a polymer consisting of interlocking chains
of identical peptidoglycan monomers. Each monomer consists of two joined
disaccharides, N-acetylglucosamine (NAG) and N-acetylmuramic acid
(NAM), with a pentapeptide chain attached to the latter. The monomers are
synthesized in the cytoplasm of the bacterium while the final cross-linking is
catalysed outside the cytoplasmic membrane by a group of membrane-
anchored bacterial enzymes which are transglycosylases, joining the new
monomer to the pre-existing peptidoglycan chain, transpeptidase (achieve
transpeptidation step), and carboxypeptidase within the periplasm
(Macheboeuf et al., 2006). In the cross-linking reaction, a peptide bond is
formed between the D-alanine on one chain and the free amino end of a
diamino pimelic acid on the other chain (Chambers, 2001). A linkage is
formed with the D-alanine, causing the terminal D-alanine to be cleaved
(Wilke et al., 2005). Completion of the cell wall or attaching to the penicillin
binding proteins (PBPs) are suppressing the cell wall hydrolyses that in turn
act to lyses the cell wall (Samaha-Kfoury and Argj, 2003). Once the new
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peptidoglycan monomers are inserted, glycosidic bonds then link these
monomers into the growing chains of peptidoglycan. The peptide cross-links
introduce covalent connectivity to the meshwork, impart mechanical
strength and provide the magjor structural barrier to osmotic pressure forces
that could kill the bacterium (Walsh, 2003). Energy for transpeptidases to
cross-link is produced when carboxypeptidase cleaves D-alanine from the
glycopeptide. The final transpeptidation step in the synthesis of the
peptidoglycan is facilitated by transpeptidases known as PBPs (Wise, 1996).

The peptidoglycan provides structural support, maintains the
characteristic shape and rigidity of the cell, and protects the cell protoplast
from mechanical damage and from osmotic lysis. The periplasmic space in
Gram-negative bacterial cell is also containing transport, degradative and

cell wall synthesis proteins (Meyer, 2006).

The outer membrane consists a lipid bilayer structure intercalated with
proteins on the outside of the peptidoglycan sheet in Gram-negative bacteria.
It acts as a permeability barrier to large molecules within which aqueous
channels (porins) and outer membrane porins play a role in regulating the
passage of small, hydrophilic molecules into the cell. Porin proteins form a
trimer that acts, usually nonspecifically, as a channel to allow the entry of
essential substances such as sugars, amino acids, vitamins, and metals, as
well as many antimicrobial drugs such as penicillins. Antibiotics may be
altered during passage through the periplasm (e.g. by enzymes) affecting
their penetration and ultimate activity inside the cytoplasmic membrane
(Meyer, 2006).

Lipopolysaccharides (LPS) of outer membrane consist of lipid A, core

polysaccharide, and O antigen. LPS confers both antigenic properties from
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the carbohydrate chains and toxic properties from the lipid A component.
Endotoxin is not secreted by bacteria; it is considered to be one of the most
injurious and fatal structures of GNB. The species-specific virulence factors
effect on host response; when LPS is released from bacterial cell wall its
toxic moiety, Lipid A that functions as endotoxin, is observed as potent
inflammation inducer and the immune responses can cause tissue
destruction, endotoxin shock, and can be letha if encountered in too high
doses (Amersfoort et al., 2003).

2.2. R-lactam Antibiotic:

The [3-lactam are family of antimicrobial agents which are considered
the most widely used drugs for treatment of bacterial infections worldwide
(Villanueva et al., 2003). The effectiveness of al 3-lactam antibiotics relies
on their ability to inhibit bacterial growth by inactivation of the penicillin-
binding-proteins (PBPs) and prevent them from cross-linking peptidoglycan
via a transpeptidation reaction (Buynak, 2006; Zapun et al., 2008). The (3
lactam antibiotics are bactericidal cell wall synthesis inhibitors, owing to
their high effectiveness, broad spectra and low toxicity, low cost, ease of
delivery and minimal side effects (Wilke et al., 2005). These drugs consist
of six magor groups. penicillins, cephems (cephal osporins and cephamycins)
monobactams, penems, and [3-lactam/[3-lactamase inhibitor combinations
(CLSI, 2007).

The characteristic of the [3-lactam antibiotic structure is the four member
lactam ring, a heteroatomic ring structure, consisting of three carbon atoms

and one nitrogen atom. The [-lactam antibiotics are analogues of the
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terminal amino acid (D-alanyl-D-alanine) residues on the precursor
NAM/NAG-peptide subunits of the peptidoglycan layer. This family of
antimicrobial agents differ from each other in the nature of one or two side
chain and additional rings that determines the antibacterial spectrum of the
antibiotic, for example a five-membered thiazolidine ring for penicillin, a
six-membered dihydrothiazine ring for cephalosporins, and double ring
structure for carbapenems (a methylene replacement for sulphur in the five-
membered a-ring structure), whereas in monobactams only the [3-lactam ring

is present (Correa, 2001).

2.2.1. Penicillins:

Penicillin was discovered by Sir Alexander Fleming in 1928. Several
penicillins have been developed from the benzyl-linked compound that was
first used (Livermore and Williams, 1996). They share features of chemistry,
mechanism of action, pharmacologic, clinical effects, and immunologic
characteristics with other B-lactam antibiotics. Penicillins are highly

effective antibiotics with an extremely low toxicity (Murray et al., 2002).

The differences of activity among the members of this group are due to
the lateral chain found in the position 6 of the 6-amino-penicillic acid (Mir6
et al., 2004). Penicillins are in three groups, penicillins (e.g. penicillin G)
have little activity against GNB, antistaphylococcal penicillins (e.g.
methicillin, oxacillin) are active against B-lactamases producing Gram-
positive bacteria, but inactive against GNB, and broad-spectrum penicillins

(e.g. ampicillin and antipseudomonal penicillins) retain the antimicrobial
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spectrum of penicillin and have improved activity against GNB (Livermore
et al., 2006).

Carboxypenicillins that include carbenicillin and ticarcillin, differ from
other penicillins in that they contain a carboxylate moiety in the side-chain
of the molecule. These molecules are more effective against GNB, most
probably because these antibiotics penetrate the outer cell wal more

extensively than other penicillins (Forssten, 2009).

2.2.2. Cephems:

2.2.2.1. Cephalosporins:

The first isolation of cephaosporin compounds were from cultures of
Cephalosporium acremonium in 1948. The cephalosporins contain an
aminocephalosporanic acid nucleus consisting of a -lactam ring fused to a
dihydrothiazine ring. They are similar to the penicillins in structure,
mechanism of action, toxicity, and act by binding to PBPs of susceptible
organisms. They are more stable than penicillins to many bacteria

B-lactamases (Correa, 2001).

The cephalosporins are chemically divided into two groups.
oxyiminocephal osporins and methoxycephal osporins. They are classified by

grouping into five generations based on their antibacterial activity:

2.2.2.1.1. First Generation of Cephalosporins:

They consist of narrow-spectrum drugs, like cephalothin and cefazolin.

These drugs are very active against Gram-positive cocci, but against
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methicillin-resistant strains are not. They are not active against GNB either.
Wild type E. coli and Klebsiella spp. are susceptible to these drugs (Yao and
Moellering, 2003).

2.2.2.1.2. Second Generation of Cephalosporins:

The members of this group are cefaclor, ceforanide, and cefamandole.
They are stable to certain [3-lactamases and have hence an increased activity
against GNB. They are active against organisms affected by first generation
drugs, and aso have an extended Gram-negative coverage. These drugs are
active against H. influenzae but not against Serratia spp. or Bacterioid
fragilis. Second generation of cephaosporins may exhibit in vitro activity
against Enterobacter species, but they should not be used to treat infection
caused by these organisms because resistant mutants that constitutively
express a chromosomal B-lactamase that hydrolyzes these compounds are
readily selected (Doucet, 2006).

2.2.2.1.3. Third Generation of Cephalosporins:

Agents of this group are cefotaxime, ceftazidime, cefixime, ceftizoxime,
cefpodoxime, cefoperazone, ceftriaxone and ceftibuten. The major traits of
these agents, except cefoperazone, are their expanded Gram-negative
coverage and the ability of some to cross the blood brain barrier. The third
generation cephal osporins are much more active against Enterobacteriaceae
than narrow-spectrum drugs. These antibiotics are more stable to [-

lactamases and are able to pass through the outer cell envelopes of GNB.
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Ceftazidime and cefoperazone are useful activity against Ps. aeruginosa
(Chaudhary and Aggarwal, 2004).

2.2.2.1.4. Fourth Generation of Cephalosporins:

The fourth generation cephalosporins, like cefepime, developed in
1994, reduce the affinity and increase the stability for chromosomally but
aso some plasmid-mediated [-lactamase enzymes (Yao and Moellering
2003). It is similar to third generation cephal osporins agents but it is more
resistant to hydrolysis by chromosomal [3-lactamases and some ESBLSs that
inactivate many of the third generation cephalosporins. It has good activity
against Ps. aeruginosa and Enterobacteriaceae, and highly active against

Haemophilus and Neisseria (Hanson, 2003).

2.2.2.1.5. Fifth Generation of Cephalosporins:

Ceftobiprole is a broad spectrum cephalosporin with activity against
Gram-positive and Gram-negative pathogens, it has been described as fifth
generation cephalosporin.  Several studies have demonstrated that
ceftobiprole has a strong affinity for the penicillin binding protein of bacteria
(Noel, 2007). It has powerful antipseudomonal characteristics and appearsto

be | ess susceptible to development of resistance (Queenan et al., 2007).

2.2.2.2 Cephamycins:

The members of cephamycins are like cefotetan, cefoxitin and
cefmetazole which are closely related to cephalosporins but have an a-

methoxy (-OCH3) group called oxacephem group instead of the 7-
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aminocephalosporanic acid in oxyiminocephalosporins. The cephamycins

are highly resistant to various [3-lactamases (Y ao and Moellering, 2003).

Cephamycins are a heterogeneous group of drugs with marked
individual difference in activity, pharmacokinetics, and toxicity. They have
activity against anaerobes, B. fragilis and Serratia spp. strains but are less

active against H. influenzae (Livermore and Brown, 2001).

2.2.3. Monobactams:

They are monocyclic 3-lactam ring compounds derived from the
3-aminomonobactamic acid. There major characteristic is the presence of the
B-lactam ring alone and not fused to another ring (Marin and Gudiol, 2003),
hence they lack the double ring structure found in traditional (-lactam
antibiotics and they can easily be synthesised. The monocyclic nucleus of

monobactams (e.g. aztreonam) has different side-chains (Forssten, 2009).

Monobactams are relatively resistant to (3-lactamases and active against
Gram-negative rods, including Pseudomonas and Serratia. They have no
activity against Gram-positive bacteria or anaerobes. Modification of
monobactams has produced aztreonam, the only clinically useful. These
drugs have a wide range of activity to aerobic GNB, including Ps.
aeruginosa by binding to PBP3 of their cell wall (Bush, 1996).

2.2.4. Carbapenems:

The carbapenems are structurally very similar to the penicillins, but the

sulphur atom in the position 1 of the structure has been replaced with a

10
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carbon atom, and hence the name of the group is the carbapenems. These
antibiotics are recognized by double ring structure (Correa, 2001). They
have a side chain with a hydroxyethyl side chain in trans configuration at
position 6 which confers stability toward most 3-lactamases, including the
ESBL (Bonfiglio et al., 2002). The additional side-chains and its special
disposition confer an important affinity towards the PBPs and make this
group of antibiotics resistant to a great part of -lactamases (Mir0 et al.,
2004).

They are used against Gram-positive and GNB as well as anaerobic
bacteria. They are active against many highly penicillin-resistant strains of
pneumococci. Imipenem, meropenem, and ertapenem are available in
treatment. A carbapenem is the antibiotic of choice for treatment of
Enterobacter infections. Imipenem with or without an aminoglycoside may

be an effective treatment for febrile neutropenic patients (Chambers, 2001).

2.2.5. B-lactam/R-lactamase Inhibitors:

They are designed to inhibit or destroy the effectiveness of 3-lactamase
enzymes. These drugs have a poor activity on their own against PBPs and
are hence co-administered with [-lactam antibiotics. The [-lactamase
inhibitors are so called suicide inhibitors; they form an irreversible acyl
enzyme complex by a covalent bond during the catalysis reaction with the
B-lactamase, which leads to activity loss of the enzyme. They are most
active against Ambler class A p-lactamases, plasmid encoded TEM

B-lactamases in particular, such as those produced by species of E. coli and

11
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K. pneumoniae, but not good inhibitors of class C B-lactamases, which
typicaly are chromosomally encoded, produced by Enterobacter and
Pseudomonas. These compounds are divided into two groups: clavulanic
acid and penicillanic acid sulfones. The clavulanic acid has a structure
similar to the penicillins but the sulphur atom has been substituted for an
oxygen atom which increases the affinity of these molecules for the
B-lactamases. The penicillanic acid sulfones (sulbactam and tazobactam) are
structurally related, they have an oxidation of the sulphur present in the
B-lactam ring (Mir0 et al., 2004).

Clavulanic acid acts synergistically with different penicillins and
cephalosporins (e.g. amoxicillin) against GNB that produce B-lactamases.
The sulbactam is combined with ampicillin, while tazobactam is combined
with piperacillin which act against B-lactamase producing strains, since

tazobactam does not inhibit the chromosomal [-lactamase (Koletar, 2000).

2.3. B-lactam Drug Resistance:

Several studies have demonstrated an association between an increased
antibiotic consumption and an increase in bacteria resistance to the drug
(Steinke and Davey, 2001). The antibiotics or their action usually regulate
the expression of resistance genes. Therefore, bacteria expend a considerable
amount of energy and genetic space to actively resist antibiotics (Wright,
2005). Bacteria achieve active antimicrobial resistance develops through a
number of different ingenious mechanisms. All of these promote the survival
of antibiotic-resistant bacteria (World Health Organisation, 2001); and these

12
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mechanisms require new genetic programming by the cell in response to the

presence of antibiotics.

Bacteria may be intrinsically resistant to one class or more of
antimicrobial agents that will not offer a target or adequate access €tc., or
resistance can be acquired by genetic alterations leading to protection of the
bacteria from the action of an antibiotic drug, or by the acquisition of
resistance genes from other organisms (Tenover, 2006; Courvalin, 2006). By
their nature, intrinsic resistance and resistance due to chromosomal mutation
pose a low risk for horizontal spread. Added resistance genes, especially
those carried by mobile genetic elements, may be more easily transferred
between bacteria. Acquired resistance can result from the acquisition of a
mutation in the regulatory or structural genes and/or the acquisition of a

foreign resistance gene (Harbottle et al., 2006).

2.3.1. Modification of PBPs Target:

Alteration of the drug target sites PBPs has been implicated in resistance
to aminoglycosides, B-lactams, macrolides, fluoroquinolones, glycopeptides
and sulphonamides (Waterer and Wunderink, 2001). Mutation of the gene
whose product is targeted by the antibiotic may increase the level of
resistance or expand the spectrum of resistance. The resistant organisms
produce PBPs that have low affinity for binding B-lactam antibioticsand as a
result, they are not inhibited except at relatively high drug concentrations
(Chambers, 2001). Alterations may occur either by point mutations in PBP
genes, by remodeling of PBP genes with foreign DNA, or by acquisition of a
resistant PBP (Essack, 2001). For example the alteration of the antibiotic

13
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target to produce a low affinity PBP (PBP5) mediates resistance to
ampicillin and penicillin particularly in Enterococcus faecium. Vancomycin-
resistant enterococci (VRE) produce altered peptidoglycan pentapeptide
precursors that terminate not in the typical D-alanyl-D-alanine, but in either
of D-aanyl-D-lactate (VanA, VanB, VanD) or D-aanyl-Dserine (VanC,
VanE, VanG) which are unaffected by vancomycin (Woodford et al., 2005).

2.3.2. Impaired Penetration of Drug to PBPs Target:

The Gram-negative hydrophobic outer membrane contains a number of
channel forming proteins (porins), which alow the passage of certain
molecules into the bacterial cell with varying degrees of selectivity. Some of
the 3-lactam antibiotics use porins to enter the microbe. Down regulation of
porins or changes in their chemica structure prevents the antibiotic from
exerting its effects (Wilke et al., 2005).

[3-lactam resistance in Gram-negative bacilli can occur by mechanism
of aterations of porin proteins in the cell membrane causing reduced
permeability. Ps. aeruginosa lacks the typical high permeability porins;
instead, it has low-efficiency porins, which only alow the diffusion of small
molecules at about one-hundredth the rate through classical porins
(Ferguson, 2007).

2.3.3. The Presence of An Efflux Pump:

Most bacterial organisms must protect themselves from a variety of

naturally occurring noxious compounds. Gram-negative bacteria commonly
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produce proteins, which act as efflux pumps for antibiotics, which export a
variety of compounds (Putman et al., 2000). The drug is pumped out faster
than it can diffuse in, intrabacterial concentrations of the antibiotic are kept
low and ineffectual. This acts as a protective mechanism for the
microorganism and prevents it from being killed by its own chemical
weapons (Walsh, 2000).

In addition to providing protection from noxious compounds, efflux
pumps have been proposed to have roles in detoxification of intracellular
metabolites, host pathogenesis, and intercellular communication (Fajardo et
al., 2008; Martinez et al., 2009). Efflux pumps that are able to pump a

variety of compounds are most often associated with MDR.

Genes encoding efflux pumps may be on the chromosome or on
transmissible elements, such as plasmids, and are present in antibiotic-
susceptible and antibiotic-resistant bacteria. Efflux systems are now
recognized as an important contributor to antimicrobial resistance, and are
more commonly found in Gram-negative bacteria, with resistance mediated
by increased expression of the efflux pump protein or a mutation in the
regulators can lead to high level expression and confer enhanced antibiotic
resistance (Poole and Srikumar, 2001; Piddock, 2006).

2.3.4. Inactivation of Antibiotic by R-lactamases:

Antimicrobial inactivation is another widespread resistance mechanism,
where enzymatic modification or destruction of the antimicrobia abrogates

its activity (Wright, 2005). Some of these enzymes inactivate the antibiotic
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by hydrolysing susceptible bonds which are central to the antibiotics
biological activities (B-lactamases), whereas others modify the antibiotic
resulting in structural alterations that impair target binding. The genes
encoding [-lactamases are found on chromosomes, in gene cassettes and in
plasmids (Walsh, 2003).

B-lactamase produced by Haemophilus spp. and E. coli is relatively
narrow in substrate specificity and will hydrolyze penicillins but not
cephalosporins. Ps. aeruginosa and Enterobacter spp. produced another
B-lactamase (broader in spectrum) that will hydrolyze penicillins and
cephalosporins. Carbapenems, which are highly resistant to hydrolysis by
penicillinases and cephalosporinases, are hydrolysed by a metalo-f3-
lactamase (Bush, 2001).

B-lactamases are the most common cause of bacterial resistance to the
medically important 3-lactam antibiotics in Gram-negative bacteria (Babic et
al., 2006). 3-lactamase enzymes in GNB are either secreted to the outside
membrane environment as exoenzymes or remain in the periplasmic space,
where they attack the antibiotic before it reaches to its receptor site (PBPs)
(Samaha-Kfoury and Aregj, 2003). Susceptibility to 3-lactams in E. coli
depends on the concentration of antimicrobial agents available in
periplasmic space and on the amount of the antimicrobial agent capable of

binding to penicillin binding proteins (Oliver et al., 2002).

Different classifications based on phenotype, gene or amino acid protein
sequences and function have been attempted since the beginning of the
1970s (Hall and Barlow, 2005). One of the most used classification schemes

Is Ambler’s based upon amino acid sequences. By this classification the
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B-lactamases are divided into four molecular classes, A, B, C and D (Ambler
et al., 1991) (Table 3-2).

2.3.4.1. Structure and action of -lactamases:

The B-lactamases are divided into two classes; serine and metallo
B-lactamases that do not share sequence or structural homology. However,
both B-lactamase classes are a major mechanism of resistance in the Gram-
negative bacteria which include 3-lactamases by hydrolyse the amide bond

of the four-membered [-lactam ring.

The serine B-lactamase classes A, C and D share similarity at the protein
structure level, which proves that they descended from a common ancestor
(Hall and Barlow, 2004). Its reactions are in three steps. At first, formation
of the non-covalent MichaelisMenten complex by associating non-
covaently the enzyme with the drug (binding step). The lactam bond of
[3-lactam drugs nucleophilic is attacked by the free hydroxyl on the side
chain of a serine residue at the active site of the enzyme, yielding a covalent
acyl ester (acetylation step) (Pratt, 2002). The acyl intermediate of the 3-

lactamases undergoes deacylation much more rapidly and is therefore very

efficient at destroying the antibiotic and protecting the peptidoglyacan
synthesis (Sun et al., 2003). Then finally in hydrolysis step, the ester
liberates active enzyme and hydrolysed inactive B-lactam antibiotic
(Bonomo and Rice, 1999). The ability [3-lactam drugs to be efficiently
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Table (2-1): Functional and molecular characteristics of the major groups of R-lactamases

(Bush, 2001)

Functional
group

Major
subgroups

Molecular
class

Attributes of R-lactamases in functional
group

Often chromosomal enzymes in Gram-
negative bacteria but may be plasmid-
encoded. Confer resistance to all classes
of [3-lactams, except carbapenems (unless
combined with porin changes). Not
inhibited by clavulanic acid.

Most enzymes responsive to inhibition by
clavulanic acid (unless otherwise noted).

2a

Staphylococcal and enterococcal
penicillinases included. Confer high
resistance to penicillins,

2b

Broad-spectrum 3-lactamases, including
TEM-1 and SHV-1, primarily from gram-
negative bacteria.

2be

Extended-spectrum [3-lactamases
conferring resistance to  oxyimino-
cephal osporins and monobactams.

2br

Inhibitor-resistant TEM  (IRT) -
|actamases; one inhibitor-resistant SHV-
derived enzyme.

2C

Carbenicillin-hydrolyzing enzymes.

2d

Cloxacillin-(oxacillin)-hydrolyzing
enzymes, modestly  inhibited by
clavulanic acid.

2e

Cephal osporinases inhibited by clavulanic
acid.

2f

Carbapenem-hydrolyzing enzymes with
active site serine, inhibited by clavulanic
acid.

3a, 3b, 3c

M etall o-(3-lactamases conferring
resistance to carbapenems and al -
lactam classes except monobactams. Not
inhibited by clavulanic acid.

?b

Miscellaneous unsequenced enzymes that
do not fit into other groups.
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hydrolyzed by the (3-lactamase depends upon the composition and structure of
attached R groups. Certain R groups prevent or hinder entry of 3-lactam drugs
into the active site (Figure 2.1) (Garau et al., 2005).

—

N + Serine-OH
AN

Acetylation l

A

Serine

Hydrolysis
H,O
N + Serine-OH
l H N erine

Figure (2.1): Schematic representation of the activity of a serine (3-
lactamase (Ambler classes A, C, and D).

The metallo -lactamases need a bivaent cation, usually zinc ion, to be able
to hydrolyse the B-lactam ring (Figure 2.2) (Garau et al., 2005).
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| + H,0O -7n *? 1
/—N\ 2 Metallo- Zn : HN

0 o— >

Figure (2.2): Schematic representation of the activity of a metallo B-lactamase
(Ambler class B).

2.3.4.2. Types of B-lactamases:

2.3.4.2.1. Narrow Spectrum [3-lactamases:

They are aso called broad-spectrum [3-lactamases which are the
chromosomal or plasmid-encoded -lactamases TEM-1, TEM-2, and SHV-1.
These enzymes are recognized to confer resistance to penicillins and
cephalosporins, but not to the newer cephaosporins (Poole, 2004). These j-
lactamases are the most prevalent among clinical isolates of Enterobacteriaceae
worldwide. The TEM-1 B-lactamase encoded by the blargy.1 geneis present in

Tn2 and Tn3 transposons.

2.3.4.2.2. ESBL:

The extended spectrum 3-lactamases (ESBLs) are so called because of their
increased spectrum of activity (Bradford, 2001). Generally, ESBLs evolved
from class A, TEM variant (from TEM-1 or TEM-2) and SHV variant (from
SHV-1), class D ESBLs (the OXA enzymes), as well as CTX-M and VEB
enzymes which remain the most prevalent types of ESBLs. OXA, and CTX-M
are non-TEM and non-SHV plasmid mediated ESBL s that have been reported
(Bonnet, 2004; Jacoby and Munoz-price, 2005). The mgjority of ESBLSs contain
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a serine at their active site and attack the amide bond in the 3-lactam ring of

antibiotics causing their hydrolysis (Chaudhary and Aggarwal, 2004).

ESBLs enzymes are capable of hydrolyzing and inactivating a wide variety
of therapeutic [-lactam antimicrobials, including third generation
cephalosporins (such as ceftazidime and cefotaxime), penicillins and
monobactam (aztreonam) except carbapenems and cephamycins (e.g., cefoxitin)
(Chaudhary and Aggarwal, 2004). They are generaly inhibited by [3-lactamase
inhibitors, (e.g. clavulanic acid) (Al-Jasser, 2006; Pfaller and Segreti, 2006).
However, it has been reported that ESBL producing strains can become resistant
to cephamycins when loss of outer membrane porin protein occurs (Ananthan

and Subha, 2005). They are found in arange of Gram-negative bacteria.

They exceed 200, ESBLs are encoded by chromosomes and generally
encoded by plasmid-borne genes, usually plasmid-borne and involves multiple
resistance determinants, and is often indicative of ESBL production (Potz et al.,
2006). Therefore, they are commonly resistant to different antibiotic families
including (besides [-lactams) fluoroquinolones, aminoglycosides and
trimetoprim-sulfametoxazole, which is considered as multidrug-resistant
(Weldhagen et al., 2003).

2.3.4.2.3. AmpC R-lactamases:

AmpC is the main representative of Class C B-lactamases which have
active site serine (Mgiduddin et al., 2002). They are clinically significant
because they confer resistance to a variety of penicillins, broad and extended
spectrum cephal osporins, aztreonam and 3-lactamase inhibitors. (e.g. clavulanic
acid) (Hanson, 2003); however, they are inhibited by cloxacillin. These
enzymes are typically associated with multiple antibiotic resistances including
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ceftazidime and cefotaxime (Livermore and Brown, 2001). Cefepime and
carbapenems resist hydrolysis by AmpC and can hence be used as a possible
screening agent. Almost 100 different AmpC enzymes exist today and are
commonly isolated from extended-spectrum cephaosporin-resistant Gram-
negative bacteria (Jacoby and Bush, 2009).

2.3.4.2.4. Carbapenemases:

Carbapenemases are responsible for resistance to carbapenems antibiotics
as well as the other B-lactams so called carbapenem-hydrolyzing [-lactamases.
These enzymes have been classified to the class B (metallo-3-lactamases),
which has cations of zinc, the class A (clavulanic acid-inhibited carbapenemases

like KPC), and the class D (oxacillinases), which both are serine 3-lactamases.

2.4. The Spread of Antibiotic Resistance by Gene Transfer Systems:

Transferable [-lactamase genes can be spread from a donor to a recipient
on plasmids, transposons, insertion sequences and integrons, by conjugation,
transduction or transformation. The result cell has a genome different from the

donor or the recipient (Courvalin, 2006).

2.4.1. Conjugation:

During conjugation, the donor bacterium extends a rod-like conjugation
pilus that connects with the recipient bacteria. It is the unidirectional transfer of

bacterial genetic material from donor to recipient. Thisrelation occurs mainly in
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Gram-negative bacteria. But in many Gram-positive bacteria, transmissible
plasmids differ in the mechanisms used to establish cell to cell contact. They do
not appear to use pili as an initiator of conjugation; instead, transfer appears to
be by aggregation of bacterial cells mediated by cell surface structures
(Grohmann et al., 2003).

Conjugation has long been considered the most important mechanism for
the dissemination of antibiotic resistance genes. A number of different DNA
elements have played a main role in the development of resistance in bacteria

(Normark and Normark, 2002).

2.4.2. Transformation:

It is a physiological process characteristic of several bacterial species in
which a recipient cell takes up free DNA directly from the environment. After
death or cell lysis, some bacteria release their DNA into the environment. Other
bacteria can come into contact with these fragments, take them up and
incorporate them into their DNA by recombination. There is no requirement for
contact between a cell and another. Although competence occurs throughout the
bacterial cell cycle, the early exponential growth phase and at the beginning of
the stationary phase, has the highest transformation rate (Licht and Wilcks,
2006).

2.4.3. Transduction:

Transduction is mediated by bacteriophage which are extrachromosomal

genetic elements (DNA or RNA) termed bacterial viruses due to their ability to
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infect bacterial cells and to transfer independently. To enter the host cell, the
bacteriophage must attach to specific receptors on the surface of the bacteria
and may therefore only infect bacteria carrying these receptors. Once inside the
cell, they may integrate into the host genome without killing the host or
replicate in large numbers causing the cell to lyse. When exiting the host
genome, pieces of host DNA that may contain resistance determinants may also
be transferred by chance, along with the bacteriophage to a recipient bacterium

and inserted into the recipient chromosome (McDermott et al., 2003).

2.5. Mechanisms of Transfer of Resistance:

Genetic elements include plasmids, transposons, genomic islands, phage,

integrons and gene cassettes.

2.5.1. Plasmids:

Plasmids are extra-chromosomal that replicate independently of the
chromosome and play a crucia role in the sharing of genetic information
(Madigan and Martinko, 2006). Most are circular, double stranded DNA
molecules that have been found in bacterial genera of medical importance. They
vary in size from 2 kbp to more than 100 kbp. They encode the mechanism for
their own mobilization and are therefore excellent vehicles for transferring
genes, not only to their progeny but aso from one bacterium to another.
Plasmids generally carry genes that play a role in the bacterium’s adaptation to a
change in its environment, such as those involved in resistance to antibiotics,
disinfectants and heavy metals (Dobrindt et al., 2004). However, they also
encode metabolic properties such as metabolism of carbohydrates and amino
acids, virulence factors and conjugal properties such as sex pili production and
mobilization function. Plasmids may be integrated in part or in total into the
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chromosomal DNA or may represent vectors for transposons via conjugation or
transformation (Schwarz and Nobel, 1999). Some plasmids carry as many as six

or seven genes that confer resistance to different antibiotics (Black, 2002).

2.5.2. Transposons:

Transposons are short linear DNA segments, athough some form a
circularized intermediate. They can insert more or less at random into plasmids
or bacterial chromosomes by recombination, which is mediated by transposes
encoded within the transposon (Masterton, 2003). They do not replicate
independently and are usually incorporated into the bacterial chromosome
(Mullany, S. 2002). They vary in size from 1 kbp to more than 60 kbp (Schwarz
and Nobel, 1999). Transposons carry one or more additional genes most of
which are genes conferring resistance to antibiotics, which can then ‘jump’

between the bacterial chromosome and a plasmid and vice versa.

Composite transposons consist of two insertion sequences (1S) flanking
intervening DNA that often includes a genetic determinant for antibiotic

resistance, and this structure moves as a unit (Galimand et al., 2005).

2.5.3. Integrons:

Integrons are mobile genetic elements that are capable of acquiring and
expressing genes in the form of gene cassettes which antibiotic resistance
determinants can be passed on from one bacterium to another. The B-
lactamase genes are often found within integrons as part of multi-drug

resi stance cassettes that confer resistance to several other antibiotic classes such
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as aminoglycosides, macrolides, sulphonamides and chloramphenicol
(Weldhagen, 2004; Wilke et al., 2005).

Recruiting exogenous genes represents a rapid adaptation against
antimicrobial compounds, and the integron functional platform is perfectly
suited for capturing the genes that enable bacteria to survive during multiple
antibiotic treatment regimes (Mazel, 2004).

Integron structure consists of two conserved regions (intl region and sull
region) flanking a variable region (gene cassette) that contains one or more
resistance genes. The intl region encodes integrase, the sull region confers
resistance to sulphonamides, the gene cassette is mobile and can aso exist in
free circular form. There are several classes of integrons, each with a distinct
integron-specific integrase. Class 1 integrons and integron-borne gene cassettes
are the most common class found in clinical isolates and are widespread
amongst Enterobacteriaceae and Ps. aeruginosa encompassing several classes
of B-lactamases which are Ambler classes A (except TEM and SHV types), B
and D [-lactamase enzymes, giving rise to widespread [-lactam resistance
(Nordmann and Poirel, 2002).

2.6. Dissemination of Antimicrobial Resistance:

Antimicrobial resistance is the ability of a microorganism to withstand an
antimicrobial compound. Antibiotic resistance traits are distributed in bacteria
in vertical (clonal) dissemination when it passed to daughter cells during
replication of a bacterial strain (clone), or in horizontal transmission by
providing a bacterial host of a different strain, species or even genus with

genetic information that can be transiently needed, such as antibiotic resistance

26

www.manaraa.com



ChapterThree . . . . . . . & & &« v o o e e .. Materials and Methods

genes (Courvalin, 2006). Most bacterial genomes that have been sequenced
contain DNA segments that have played a main role in the development of
resistance in bacteria (Normark and Normark, 2002). Molecular-based
epidemiological studies have shown that the mechanisms of ESBL spread
include clonal strain dissemination and therapeutic selection among epidemic
strains (DiPersio et al., 2005). The DNA mobile elements possess genetic
determinants for several different antimicrobial resistance mechanisms and may
be responsible for the rapid dissemination of resistance genes among different
bacteria (Perez et al., 2007).
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Results and Discussion

3-1 Materials:

3-1-1 Instruments and Equipment: The instruments and equipment used in

this study are listed below:

Type of equipment Manufacture (Origin)

Autoclave

Arnold and Sons (USA)

Bench centrifuge

Hettich (Germany)

Burners

Humbol dt

Centrifuge

Memmert (Germany)

Cold centrifuge

Hettich

Cold incubator

Memmert

Compound light microscope

Olympus (Japan)

Digital camera

Sony (Japan)

Disposable cotton swab

BDH (England)

Distillator

GFL (Germany)

Electric oven

Memmert

Electrophoresis

L abnet International (Taiwan)

I ncubator

Memmert

Laminar flow cabinets

Cruma (Spain)

Magnetic stirrer/ hot plate

Witag (Germany)

Micropipette

Slamed (Germany)

Millipore filter (0.22um)

Difco (USA)

PCR system

Singapore

pH-meter

LKB (Sweden)
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Type of equipment Manufacture (Origin)

Refrigerator

Kiriazi (Egypt)

Sensitive balance

Memmert (Germany)

Shaker incubator

Gallen Kamp

Shaker water bath

Kottermann (Germany)

Spectrophotometer

Spectronic 20

Standard loop 0.01 ml

Hi media (India)

UV-transilluminator

Taiwan

Vortex mixer

Memmert

Water bath

Memmert

3-1-2 Biological and Chemical Materials: The biological and chemical
materials used in this study are listed below:

Biological and chemical type Manufacturer (Origin)

Acetic acid (CH3;COOH)

Difco (USA)

Agarose

Promega (USA)

L-arabinose

Rwdel Dchaenag

Barium chloride (BaCl,.2H,0)

Fluka (Switzerland)

Beef extract

Difco

Boric acid (H3BOs)
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Biological and chemical type Manufacturer (Origin)

Bromophenol blue Difco (USA)

Cloroform BDH

Dextrose Difco

Disodium hydrogen phosphate (NaH

BDH
PO,)

Ethanol (96%) BDH

Ethidium bromide Sigma (USA)

Ethylenediaminotetraacitic acid (EDTA)
BDH
(C]_oH 14N 2N 3208 2H 20)

Glucose (C6 Hio 06) Difco

Glycerol (C3HgOs) Fluka

Hydrochloric acid (HCI) BDH

Hydrogen peroxide (H,0,) 30% SID (lraq)

lodine Mast Diagnostic (USA)

| so-amylal cohol BDH (England)

| sopropyl acohol Mast Diagnostic

Kovac’s reagent BDH

Maltose Difco

D-mannose (CgH1,05) Difco

Methyl red BDH

a-naphthol (CyoHgO) BDH
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. . . Manufacturer
Biological and chemical type (Origin)

Peptone Difco (USA)

Phenol crystal Merck (Germany)

Phenol red BDH

Potassium dihydrogen phosphate (KH,PO,) BDH

Potassium hydroxide (KOH) BDH

Potassium iodide (KI) Mast Diagnostic

D-raffinose (C18H32016) Difco

Safranin BDH

Sodium chloride (NaCl) BDH

Sodium dihydrogen phosphate (NaH,PO,.2H,0) | BDH

AppliChem
(Germany)

Sodium dodecyl sulfate (SDS)

Sodium hydroxide (NaOH) BDH

Soluble starch Difco

Sucrose (C1oH2,011) Difco

Sulfuric acid (H,SO,) Difco

Tris-(hydroxymethyl) methylamine
BDH
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Biological and chemical type Manufacturer (Origin)

Urea solution Mast Diagnostic
D-xylose Difco
Y east extract Difco

3-1-3 Culture Media: The following mediawere used in this study:

Medium Manufacturer (Origin)

Brain heart infusion broth and agar

Mast Diagnostic (UK)

Decarboxylase broth base

Mast Diagnostic

Eosin methylene blue agar

Hi media (India)

MacConkey agar

Biolife (Italy)

Mueller Hinton agar

Oxoid (UK)

MR-VP broth

Oxoid

Nutrient broth

Biolife

Nutrient agar

Biolife

Peptone water

Biolife

Simmons citrate agar

Mast Diagnostic

Tryptic soy broth

Biolife

Tryptic soy agar

Biolife

Triple sugar iron agar (TSl)

Biolife

Trypton (pancreatic digest of casein)

Oxoid

Urea agar base

Biolife
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3-1-4 Antibiotics:

3-1-4-1 Antibiotics Powders:

Antimicrobial Antimicrobial Agents included Manufacturer
. Assembly .
class subclass generic names (origin)
amoxicillin AMX A.P.m. (Jordan)
penicillins aminopenicillin
ampicillin AMP Ajainta(India)

3-1-4-2 Antibiotics Discs:

Antimicrobial class

Antimicrobial

Agents included

l Assembly l Content l

Manufacturer

subclass generic names (origin)
penicillins weidopeniciliin | piperacillin | Pc | 100 ug H('I r'\]’('j?g)'a
B-lactam/ -
B-lactamase amoxicillin-
. clavulanic A/C 30ug | Hi Media
inhibitor id
combinations
Cephalosporin | cefazolin Cz 30ug | Hi Media
cefotaxime CTX 30 ug | Biocanayse
Cephalosporin |
Cephems Il ceftazidime | CAZ | 30pg | Bioanayse
(parenteral)
ceftriaxone CRO 30ug | Bioanalyse
Cephﬁ]\c;sporin cfepime FEP | 30pug | Bioanalyse
Cephamycin cefoxitin FOX 30ug | Hi Media
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Antimicrobial | Antimicrobial _Agents Manufacturer
included Assembly | Content .
class subclass ) (origin)
generic names
Cephems (oral) | Cephalosporin cefixime FIX 5ug | Hi Media
monobactams Aztreonam ATM 30ug | Bioanalyse
penems carbapenem imipenem |PM 10 ug | Bioanalyse
aminoglycosides gentamicin GM 30ug | Hi Media
Tobramycin TO 30ug | Hi Media
ansamycins rifampin RA 5ug | Biocanayse
quinolones quinolone Nalidixicacid | NA 30 ug | Bioanalyse
fluoroguinolone | Ciprofloxacin | CIP 10ug | Hi Media
levofloxacin Le 5 ug Hi Media
norfloxacin NX 10ug | Hi Media
Folate pathway trimethoprim TR 25ug | Hi Media
inhibitors s . .
Co-trimazine Cm 25ug | Hi Media
phenicols Chloramphenicol C 30 ug | Bioanalyse
tetracyclines tetracycline TE 10 g | Hi Media
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3-1-5 Standard Bacterium:

Standard strain § Serotype

Laboratory Key
identifier f§characteristics

Susceptible to

Escherichia coli AMP®, Ceph®,

and GM*®

American
Type
Culture
Collection

3-1-6 Primers Used in PCR Technique (Alpha DNA, Montreal):

Primer DNA Sequence 5’- 3’ Ampllcon References
name SlZe
TEM (F)* ATGAGTATTCAACATTTCCG Bedenic
858 et al.
TEM (R)** CCAATGCTTAATCAGTGAGG (2001)
SHV (F) CGCCGGGTTATTCTTATTTGTCGC Bedenic
1016 et al.
SHV (R) TCTTTCCGATGCCGCCGCCAGTCA (2001)
OXA (F) ATATCTCTACTGTTGCATCTCC i}
Svéard
019 (2007)
OXA (R) AAACCCTTCAAACCATCC
CTX-M (F) GCTTTATGCGCAGACGAGTG
Yuetal.
068 (2002)
CTX-M (R) TCATTGGTGGTGCCGTAGTC
* F: forward
** R: Reverse
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3-1-7 Master Mix Used in PCR Technique:

Master mix 2x Source

Go Tag DNA polymeraseis supplied in 2x

Green Taqg Reaction buffer pH 8.5, 400um
dATP, 400pm dGTP, 400um dCTP, 400um
dTTP, and 3mM MgCl,

Promega (USA)

3-2 Methods:

3-2-1 Preparation of Common Buffers and Solutions:

In the present study, the following solutions and reagents were used and
sterilized by autoclaving. Millipore filters (0.22 um) were used for sterilization
of heat-sensitive solutions like antibiotics and urea. The pH of the solution was
adjusted using 1M NaOH (3-2-1-3) and 1M HCI (3-2-1-4).

3-2-1-1 McFarland 0.5 Turbidity Standard:

It is composed from mixed of 0.05 ml of 1.175% BaCl, solution and 9.95
ml of 1% (0.36N) H,SO, solution, the turbidity of a BaSO, solution was
adjusted at 625 nm to be 0.08- 0.10, and stored in closely sold dark tube at room
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temperature. It is used to approximate the turbidity of bacterial suspension
(NCCLS, 2003a).

3-2-1-2 Saline Solution:

It was prepared by dissolving 0.85 gm of NaCl in 100 ml of D.W,
autoclaved at 121°C for 15 min, and stored at 4°C until used (Collee et al.,
1996).

3-2-1-3 Sodium Hydroxide Solution (1 M):

Sodium hydroxide (4 gm) was dissolved in 100 ml of D.W. (Collee et al.,
1996).

3-2-1-4 Hydrochloric Acid Solution (1 M):

Hydrochloric acid (8.6 ml) was added to 91.4 ml of D.W. (Collee et al.,
1996).

3-2-2 Preparation of Reagents:

Prepared as in MacFaddin (2000):

3-2-2-1 Oxidase Reagent:

Tetra methyl 1, 4-phenylenediamin dihydrochloride 0.1 gm was dissolved
in 10 ml of D.W. and stored in a dark bottle; this reagent was used as an

indicator in oxidase test.
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3-2-2-2 Catalase Reagent:

Hydrogen peroxide H,O, (3%) was prepared from stock solution and stored
in a dark bottle. The reagent was used for the detection of bacteria ability to

produce catal ase enzyme.

3-2-2-3 Voges-Proskauer Reagents:

It consists of two solutions:
Solution A: 5 gm of a-naphthol in 100 ml of absolute ethanol.
Solution B: 40 gm of KOH in 100 ml of D.W.

These solutions were used as an reagent in VP test.

3-2-2-4 Methyl Red Reagent:

It was prepared by dissolving 0.1 gm of the dye in 300 ml of ethanol and
made up to 500 ml with D.W. This reagent was used as an indicator in methyl
red test.

3-2-3 Preparation of Culture Media:

3-2-3-1 Ready Prepared Culture Media:

According to manufacturer instructions, the culture media were prepared

and sterilized in the autoclave at 121°C for 15 minutes.

39

www.manaraa.com



ChapterFour . . . . . . . . & .« . & i v v v i Results and Discussion

3-2-3-2 Maintenance Medium:

It consists of nutrient broth as a basal medium supplemented with 15%
glycerol that was added to test tubes (5 ml in each one) and sterilized by
autoclave. This medium was used to store the bacterial isolatesin — 20 °C for a
long time. (Collee et al., 1996).

3-2-3-3 Carbohydrates Fermentation Medium:

According to MacFaddin (2000), this medium was prepared as follows:

a) Basal medium:
Beef extract 1gm
Pepton 10gm
NaCl 5gm
Phenol red 0.018¢
D.W 1000 mi

The pH of mixture was adjusted to 7.4 and distributed in to test tubes.
Durham tube was inserted at the bottom of each test tube; then, these tubes were

autoclaved at 121°C for 15 minutes, and cooled to 56 °C in the water bath.

b) Carbohydrates:

The solution of the following carbohydrate (sucrose, lactose, maltose,

glycerol, arabinose, xylose, and starch) were sterilized separately by Millipore
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filters (0.22um) and added to the basal medium, the final concentration of each
was 1%. These media were used to test the ability of bacterial isolates to

ferment a specific carbohydrate incorporated in abasal medium.

3-2-3-4 Decarboxylase Broth Medium:

Decarboxylase Broth (as a basal medium) was autoclaved to 56°C in water
bath, 1% L-ornithine hydrochloride and L-ornithine were added separately after
filtrated each one by 0.22 Millipore filter. The medium was circulated in 5 ml in
sterile tubes, 1 ml of sterile liquid paraffin was added to provide a thick layer
above the medium, and then kept at 4°C until used. This medium was used to
determine the ability of bacteria to lysine Decarboxylase or ornithine to amine
with resulting alkalinity (MacFaddin, 2000).

3-2-3-5 Motility Medium:

The medium consists of 1% tryptose, 0.5% NaCl, and 0.5% agar, the pH
was adjusted to 7.2, dispensed approximately 5 ml per tube, autoclaved at
121°C for 15 minutes, allowed to cool in an upright positive, and refrigerated
(4°C) for storage (MacFaddin, 2000).

3-2-3-6 B-lactam Resistance Media:

Muller-Hinton agar was prepared as in manufacturer instruction, after
cooled, ampicillin and amoxicillin were added separately, from stock solution
(their concentrations 100 and 50 pg/ml, respectively), the medium was poured
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into sterilized petri dishes, and stored at 4°C. This medium was used to primary
screening of B-lactam Resistant bacteria (NCCLS, 2003b).

3-2-4 Solutions Used in DNA Extraction:

The preparations of the following solutions were described by Pospiech and

Neumann (1995) with some modifications:

3-2-4-1 Tris-HCI (0.5 M) pH (8.0):
It was prepared by dissolving 30.275 gm of Tris-HCI in 400 ml of D.W; pH

was adjusted to 8.0, then completed to 500 ml with D.W, and sterilized by

autoclaving.

3-2-4-2 Tris-HCI (0.1 M) pH (8.0):

Tris-HCI (6.055 gm) was dissolved in 400 ml of D.W; pH was adjusted to
8.0, completed to 500 ml with D.W, sterilized in autoclave and stored at 4°C.

3-2-4-3 Tris-EDTA Buffer (TE buffer):

TrissOH 250 ml (10 mM) pH (8.0) was mixed with equal volume of EDTA
(1 mM), autoclaved at 121°C for 15 minutes, and stored at 4°C.

3-2-4-4 STE Buffer:

It was prepared by dissolving 20 mM of TrissOH, 250 mM of EDTA
solution, and 75 mM of NaCl in 750 ml of D.W., pH was adjusted to 8.0 and
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completed to 1000 ml by D.W, then autoclaved at 121°C for 15 minutes, and
stored at 4°C.

3-2-4-5 SDS Solution (25%):

Sodium dodecyl sulfate (2.5 mg) was dissolved in 10 ml of D.W, then
sterilized by autoclaving, and stored at 4°C.

3-2-4-6 NaCl Solution (5 M):

Sodium chloride (14.625 gm) was dissolved in 50 ml D.W, sterilized in
autoclave, and stored at 4°C.

3-2-4-7 Phenol Solution:

One hundred ml of phenol (melting in waterbath at 68°C), 0.1 ml of 8-

Hydroxyquinoline, and 100 ml of TrissHCI (0.5 M), were mixed by vortex
mixture. The solution was left to be separated in 2 layers, the upper layer was
discarded, and 100 ml of TrissHCl (0.1 M) were added, mixed well, and
discarded the upper layer again, these steps were repeated until the pH of

solution became 8.0.

3-2-4-8 Chloroform: Isoamyl Alcohol Solution (24:1):

It was prepared by adding 240 ml of chloroform to 10 ml of isoamyl
alcohaol.
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3-2-4-9 Ethanol 70%:

Absolute ethanol 70 ml was added to 30 ml of D.W.

3-2-5 Solution Used in Gel Electrophoresis:

3-2-5-1 Bromophenol Blue:

A bromophenol blue powder (25 mg), and sucrose (4 mg) were dissolved in
10 ml of D.W, then the pH was adjusted to 4.6 and stored at 4°C (Ferguson,
2007).

3-2-5-2 Ethidium Bromide Solution:

Ethidium bromide (0.05 gm) was dissolved in 10 ml of D.W and stored in a
dark tube. This dye forms a brightly fluorescent band of separated DNA
fragments that can be photographed on gels (El-Enbaawy and Y ousif, 2006).

3-2-5-3 Tris-Borate-EDTA Buffer (TBE):

TrissOH (0.089 M), boric acid (0.089 M), and 0.002 M of EDTA were
dissolved in 980 ml of D.W, then the pH was adjusted to 8.0, was completed the
volume to 1000 ml, autoclaved, and stored at 4°C (Sambrook et al., 1989).

3-2-6 Biochemical Tests:
3-2-6-1 Oxidase Test:
Small pieces of filter paper were soaked in 1% oxidase reagent. A fresh
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young culture was scraped with a sterile wooden stick and rubbed on the filter
paper. A positive result was indicated by an intense deep-purple color which
appeared within 5-10 sec (MacFaddin, 2000).

3-2-6-2 Catalase Production Test:

With an inoculating needle, an 18-24 hr pure colony was picked and placed
on a clean glass slide. A drop of 3% H202 was placed on the organism with a
dropper. The production of gas bubbles indicates a positive reaction
(MacFaddin, 2000).

3-2-6-3 Indole Production Test:

Peptone water was inoculated with ayoung agar culture and incubated at 37
°C for 48 hr Kovacs reagent (0.5 ml) was added. A red color in the alcohol layer
indicated a positive reaction (MacFaddin, 2000).

3-2-6-4 Simmons Citrate Test:

Simmons citrate slant was inoculated with a young agar culture and
incubated at 37°C for 48 hr. A blue color and streak of growth appearance
indicated a positive test (MacFaddin, 2000).

3-2-6-5 Voges-Proskauer Test:

Methyl Red-Voges-Proskauer broth was inoculated with a young agar
culture and incubated at 37°C for 48 hr then added to each tube one ml of
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solution B (40% KOH solution) and three ml of solution A (5% a-naphthol
solution). After 15 min, the positive result is represented by the color change to
pink red which indicates partial hydrolysis of sugar and production of acetyl
methyl carbinol (MacFaddin, 2000).

3-2-6-6 Methyl Red Test:

Methyl Red-Voges-Proskauer broth was inoculated with a young culture
and incubated at 37°C for 24 hr, five drops of methyl red reagent were added,
mixed and the result was read immediately, a bright red color indicated that the
pH was reduced to 4.5 or less and complete hydrolysis of sugar (MacFaddin,
2000).

3-2-6-7 Urease Test:

Urea agar slant tube was inoculated heavily over the entire slant surface
with ayoung culture and incubated at 37°C. The result was read after 24 hr, and
every day for 6 days. Changing the color of medium to purple-pink indicates a
positive result (MacFaddin, 2000).

3-2-6-8 Triple Sugar Iron Agar Test:

By needle, bacterial colony was inoculated over the surface of slope (slant)
and stabbed into the bottom of TSI iron agar. Then incubated at 37°C for 18 hr.
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The results were according to the color of top-slant and bottom, as well as the
gas production of bottom and formation of hydrogen sulfate as a black deposit
(MacFaddin 2000).

3-2-6-9 Carbohydrate Fermentation Test:

Young bacterial colonies were inoculated in carbohydrate fermentation
broth and incubated at 37°C for 1-5 days. The yellow color mediawith or

without gas production indicates positive test (MacFaddin, 2000).

3-2-6-10 Ornithine Decarboxlase Test:

Ornithine decarboxlase broth was inoculated through the paraffin layer by
a straight wire and incubated at 37°C for 2 days. The positive test was detected
by changing indicator color to violate (MacFaddin, 2000).

3-2-6-11 Motility Test:

Motility medium tubes were inoculated with a young agar culture by
stabbing by a straight wire vertically into the center of the agar butt to a depth of
approximately 2 cm and incubated for 24-48 hr formation of cloudy growth out
of line of stab indicates a positive result (MacFaddin, 2000).

3-2-6-12 Growth at 10°C:

Nutrient agar plate was streaked by bacterial isolates and incubated at 10°C
for 24 hr The colonies of bacteria were appeared that mean the ability of grow

in this low temperature.
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3-2-7 Preservation and Maintenance of Bacterial Isolates:

The bacteria isolates were preserved according to Collee (1996) asfollows:

a) Preservation for a short time: The bacterial isolates were inoculated on
nutrient agar slant, incubated at 37°C for 24 hr and preserved at 4°C. The
isolates were maintained monthly during the study by subculture on new

nutrient agar medium.

b) Preservation for long time: The bacterial isolates were inoculated in nutrient
broth supplemented with 15% glycerol and maintained frozen (-20°C) for

several months.

3-2-8 Sample Collection and Processing:

A total of 613 samples were recorded, these samples were obtained from
patients suffering from wound infections (390 samples) and lower respiratory
tract infections (223 samples), during the period from November 2008 to
February 2009. Samples were collected from patients attending to Al-Sadr
Teaching hospital and Tuberculosis and Chest Disease Clinic / Ngjaf city. The
wound samples were collected by sterile swabs while sputum samples were

collected into sterile containers.

All samples were investigated for the presence of Ps. aeruginosa, E. coli,

Klebsiella spp., and Proteus spp. Swab from wound infection and a loopful
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from the sputum were cultured on the MacConkey agar plates and incubated at

37°C under aerobic condition for 24 hr.

The study population included all age groups. For each patient, a

guestionnaire was filled in about his age, gender, and address.

3-2-9 ldentification of Microorganisms:

The isolates were identified to the species level by their characteristic
appearance on the media, Gram stain reaction and the patterns of biochemical
reaction (listed in 3-2-7), according to the methods of Cowan (1985), Holt et al.
(1994), and MacFaddin (2000). Isolates obtained either in pure culture or as
predominant growth were included in this study, the isolates were stored at

mai ntenance media (listed in 3-2-8), until further workup.

3-2-10 Screening Test for B-lactam Resistance:

Bacterial isolate was inoculated on Muller-Hinton agar with ampicillin (100
pg/ ml), and Muller-Hinton agar with amoxicillin (50 pug/ ml) prepared in (3-2-
3-6), and incubated at 37°C for 18 hr isolates with resistance to ampicillin and/
or amoxicillin were selected for further study. Results showed preliminary
isolates resistance to [-lactam antibiotics (NCCL S 2003b).

3-2-11 Antibiotics Susceptibility Testing:

Isolates that are resistant to 3-lactam antibiotics were selected and screened

for susceptibility to antibiotics shown in Table (3-1-4-2). Antibiotics
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susceptibility were done on Muller-Hinton agar plates with the disc diffusion
technique according to the recommendation of the disc manufacturer and based
on the method of Kirby and Bauer (Bauer et al., 1966). The culture were
incubated at 37°C for 18 hr under aerobic conditions, and then bacterial growth
inhibition zone, around the discs were measured by caliper and compared with
National Community for Clinical Laboratory Standard (CLSI, 2007).

The implied 22 antibiotics were chosen according to that commonly used
for the treatment of bacterial infection in our region and according to CLSI
(2009), these are listed in (3-1-4-1, 2). E. coli ATCC 25922 reference strain

from the American collection was used as control.

3-2-12 Screening of ESBL-producers:

Two methods for detection of ESBL were used:

3-2-12-1 Initial Screen Test:

ESBL production by B-lactam resistant isolates was initialy screened by

using disc diffusion of cefotaxime, ceftazidime, ceftriaxone, and aztreonam (30
Hg each) placed on inoculated plates containing Muller-Hinton agar according
to the CLSI recommendations (CLSI, 2009). After 18 hr incubation at 37°C, the
diameters of the inhibition zones around the antibiotics were measured by
caliper. The isolates which showed inhibition zone < 27 mm for cefotaxime,
< 22 mm for ceftazidime, < 25 mm for Ceftriaxone, and < 27 mm for aztreonam

were suspected for ESBL production.
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3-2-12-2 Phenotypic Confirmatory Test:

The suspected isolates for ESBL production were further investigated
through a second confirmatory method [double disc synergy test (Jarlier et al.,
1988)]. Muller-Hinton agar was inocul ated with suspension of bacterial colonies
(equivalent to a McFarland 0.5 standard) by sterile swab and within 15 min
distributed antibiotic discs. Susceptibility disc containing amoxicillin/
clavulanate (20/10 ug) was placed in the center of Muller-Hinton agar plate and
disc containing cefotaxime, ceftazidime, ceftriaxone, and aztreonam (30 ug
each) were placed 20 mm (centre to centre) from amoxicillin-clavulanate disc.
Incubation followed for 18 hr at 37°C. The isolate showing enhancement of the
zone for one or more of the tested discs on the side facing the amoxicillin-
clavulanate disc was considered ESBL producer (Coudron et al., 1997). Strain

of E. coli ATCC 25922 was used as negative control for ESBL production.

For all ESBL-producing isolates, the susceptibility test was reported as
resistant to all penicillins, cephalosporins, and aztreonam, irrespective of the

individual in vitro test result, as recommended by the (NCCLS, 2002).

3-2-13 Template DNA Preparation:

DNA used as a template for PCR amplification was prepared by two
methods:
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3-2-13-1 Wizard Genomic DNA Purification Kit (Promega):

Plasmid DNA from the isolates were used to prepared using the wizard

genomic DNA purification kit and according to the manufacturer's instructions.

3-2-13-2 Alkaline Lysis Procedure:

Plasmid DNA was extracted from [-lactam resistant isolates by employing
the method of Pospiech and Neumann (1995) with some modifications. Cells
from 5 ml of an overnight nutrient broth culture were pelleted by centrifugation
(4000 rpm for 10 minutes), washed 3 times in TE buffer and recentrifuged.
Then the pellet was resuspended in 5 ml TE buffer and mixed. A volume of 600
pl of freshly made SDS (25%) and 2 ml NaCl (5 M) solutions were added,
mixed by inversion the cell suspension, incubated at 55°C for at least 10
minutes (until be clear), mixed thoroughly by inversion, and let to be cooled at
room temperature. Thereafter, proteins were extracted by mixing the lysate with
3.5 ml of phenol and equal volume of chloroform: isoamylacohol solution,
mixed by inversion at room temperature for 30 minutes and then centrifuged at
6000 rpm for 10 minutes. The agueous phase (which contains nucleic acid) was
retained and transferred to a fresh tube, added 0.6 volume of isopropanol and
mixed by inverson. Then DNA spooled on to a seded pasture pipette,
transferred to 5 ml ethanol (70%), air dried, and dissolved in 1 ml TE buffer at
55°C, finally it was kept in -20°C until used.

3-2-14 PCR Amplification of ESBL Genes:

The bacterial genomic DNA extracted from 3-lactam resistant isolates was
used as a template in specific PCRs for detection of blargy, blasay, blacrxwm,
and blapya genes.
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The oligonucleotide PCR primers specific for the B-lactamase genes, and
melting temperature were listed in (3-1-6). Negative controls included in the
assay (No DNA template amplification) will also monitor contamination during

the PCR (Espy, 2006). As well as E. coli ATCC 25922 was used as a negative
control.

Amplification was carried out in a total volume of 50 pl containing 25 pl
Go Taq Green Master Mix (400um dATP, 400pum dGTP, 400um dCTP, 400pum
dTTP, and 3mM M(gCl,), 2 ul each primer (upstream primer and downstream

primer), 5 pl DNA template, and 16 pl Nuclease-Free Water as shown in Table
(3-1).

Table (3-1): Concentration of each reagent in a PCR mixture (total volume
50 ul) for the blargn, blashy, blactx.m, and blagxa genes

Volume (ul):
Component Final concentration
1 sample

Go Taqg Green Master Mix.

Upstream Primer

Downstream Primer

DNA Template

Nuclease-Free Water
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An eppendorf thermal cyclar was used for gene amplification. PCR

conditions for bla genes were shown in Table (3-2).

Table (3-2): PCR conditions for bla genes

Step of PCR

Predenaturing

94°C,

5min.

PCR condition*

94°C,

5min.

94°C,

5min.

94°C,

5min.

Cycles of

30 Cycles

35 Cycles

30 Cycles

35 Cycles

Denaturing

94°C,

1 min.

94°C,

30 sec.

94°C,

45 sec.

94°C,

30 sec

Annealing

55°C,

1 min.

68°C,

30 sec.

55°C,

45 sec.

53°C,

30 sec

Extension

72°C,

1 min.

72°C,

50 sec.

72°C,

1 min.

72°C,

40 sec

Final extension

72°C,

10 min.

72°C,

5min.

72°C,

5min.

Final hold step

4°C

4°C

4°C

* according to the manufacturer's instructions of Promega company
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3-2-15 Agarose Gel Electrophoresis:

Agarose (1.5 gm) in 1X TBE buffer (10X TBE buffer, pH 8.0 containing 10
g Tris base, 55 g boric acid, 4.3 g EDTA, and 1 liter D.D. water) was dissolved
by boiling the solution in water bath, allow to cool to 50°C, and 3 pl of ethidium
bromide (0.5 mg/ml) was added for staining the DNA molecules. The agarose-
ethidium bromide solution was poured into the gel tray of the electrophoresis
apparatus containing the combs and alow to set at room temperature for 30
minutes. After removing the comb gently, the tray was fixed in electrophoresis
chamber and filled with 1X TBE buffer to cover the surface of the gel. 5ul of
each PCR product was loaded into the gel well, and the electrophoresis was run
at 70 volts for approximately 2 hr. Bands were visualized under ultraviolet light
by using UV transilluminator (320 nm) and photographed.
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4.1Source of Gram-negative Bacilli Isolates:

During the study period from November, 2008 to February, 2009, a total
of 203 (33.1%) non-repetitive Gram-negative cultures (on MacConkey agar)
obtained from 390 patients with wound infections and 223 sputa of patients
with lower respiratory tract infection were included in the analysis. However,
410 (66.9%) samples showed no growth on MacConkey agar probably due to
previous antibiotic therapy or prior present other microorganisms such as
Gram-positive cocci and Gram-positive bacilli that could not grew on
MacConkey agar (Table 4-1).

Table (4-1): Sources of GNB Isolates

Sample GNB growth Yielded no growth

source

- - - ‘69 i
Total (%) 203 (33 1) 410 (66 9)

Samples source in terms of inpatients and outpatients were determined.

The GNB isolates were more commonly isolated from inpatients (124, 61.1%)
as compared to outpatients (79, 38.9%) (Table 4-2). Out of inpatients isolates,
al GNB 92.5% were obtained from wound samples. Out of outpatients
isolates, 7.5% were from wound samples, and 100% were from sputum

samples. GNB have emerged as serious nosocomia pathogens throughout the
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world. Nosocomial infections inpatients occur via transmission from other
patients through heath care workers (Jamal et al., 2009). The isolates can
survive in the hospital environment and can be transmitted from patients to
patients, through hands of hospital staff and are usually found in those areas of
hospitals where patients condition is critical (Navaneeth et al., 2002).

Table (4-2): Distribution of GNB isolates in different samples according to

the type of patients

Sample source
‘M‘ 134 (66.0) ‘ 124 (92.5) ‘ 10 (7.5) \

A study by Spencer et al. (1987) showed that, more than half of the
patients were colonized after 3 days stay in the hospital. However, a part from

intensive care units (ICUs), ESBL-producing Gram-negative isolates have
been isolated from patients in general ward and nursing homes (Luzzaro et al.
2006).

In all isolates, patients gender was recorded, 108 (53.2%) were males and
95 (46.8%) were females. Out of GNB isolates in males, 65 (60.2%) were from
wound isolates, and 43 (39.8%) were from sputum isolates. Out of GNB
isolates in females, 69 (72.6%) were from wound isolates, and 26 (27.4%)

were from sputum samples (Table 4-3).
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Table (4-3): Gender distribution of GNB isolates in different samples

The patients ages with GNB infection varied from 7 to 75 years old
(mean = 40.557). More isolates were obtained from young and middle age
patients (18 to 60 years, 169, 83.3%).

Out of 134 wound samples, GNB were most frequent in 31-40 years of
ages (28, 20.9%), followed by 11 to 20 and 41-50 years old of age groups,
whereas none was cultured from patients between 1 month to 10 years of age
groups.

More isolates of lower respiratory tract infections were obtained from
21-30 years old of age groups (17, 24.6% each), followed by 51- 60 years old
of age groups (15, 21.7%), while none was cultured from patients between 71
to 80 years of age groups (Table 4-4).

4.2 ldentification of Bacterial Isolates:

The primary aim of this study was to determine the incidence of GNB
including Pseudomonas aeruginosa, Klebsiella spp., E. coli, and Proteus spp.
in wound and lower respiratory tract infections and the sensitivity pattern to
commonly used antibiotics. The bacterial isolates obtained as a pure or

predominant growth from samples were only considered for the present study.
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Table (4-4): Overall prevalence of GNB at different age groups

No. and % Sample source (%)*
Age group of patients

(Frequency)

* Percentage from each %lmple source.

** Percentage from atotal of 203 patients.

Ps. aerugenosa, E. coli, Klebsiella spp., and Proteus spp. pathogens were
isolated and identified according to the standard microbiological techniques of
Bergey’s Manual of Systemic Bacteriology (Holt et al., 1994) and MacFaddin
(2000). All Klebsiella isolates were identified and classified at the level of
subspecies using the traditional biochemical tests (Appendix 1).
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Out of the 62 isolates of Klebsiella spp., 56 were speciated a K. pneumoniae (37
isolates from wound infections and 19 isolates from sputum samples) which
included 19 isolates of K. pneumoniae subsp. pneumoniae, 15 isolates of K.
pneumoniae subsp. ozaenae, 14 isolates of K. pneumoniae subsp.
rhinoscleromatis, and 8 isolates of K. pneumoniae subsp. aerogens, whereas 6
isolates were identified as K. oxytoca (4 isolates from wound infection and 2

isolates from sputum samples) Table (4-5).

Table (4-5): Species and numbers of Klebsiella isolated from wound and

sputum samples of patients

Species and subsp.
Wound Sputum Total
of Klebsiella

K. pneumoniae
1. pneumoniae
2. 0Zaenae
3. rhinoscleromatis
4. aerogens

K oxytoca

In the present study, of the 203 GNB recovered, Ps. aeruginosa and
Klebsiella spp. were the most prevalent pathogens (30.5% each) followed by E.
coli (27.6%), and Proteus spp. (11.3%) [P. mirabilis (18, 8.9%) and P. vulgaris
(5, 2.5%)] as seenin Figure (4-1).
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Figure (4-1): Types and numbers of bacterial isolates recovered from wound

infection and lower respiratory tract infection patients.

A= Pseudomonas aeruginosa

B= Klebsiella pneumoniae subsp. pneumoniae

C= Klebsiella pneumoniae subsp. ozaenae

D= Klebsiella pneumoniae subsp. rhinoscleromatis
E= Klebsiella pneumoniae subsp. aerogens

F= Klebsiella oxytoca

G= Escherichia coli

H= Proteus mirabilis

|= Proteus vulgaris

A wound is a break in the skin and exposure of subcutaneous tissue
following loss of skin integrity that provides a moist, worm, and nutritive
environment that is conductive to microbial colonization and proliferation
(Bowler et al., 2001). In the present study, a total of 134 GNB isolates were
obtained from 390 wound cultures, of which 22 (16.4%) from males and 21
(15.7%) from females (Table 4-6). However, in all cases, cultures were
monomicrobial, but no bacterial isolates were obtained in 256 cases. Ps.
aeruginosa was predominant microorganisms (43, 32.1%) followed by
Klebsiella spp. (41, 30.6%), E. coli (33, 24.6%), and Proteus spp. (17, 12.7%).
Ps. aeruginosa is an opportunistic pathogen found along with other
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Pseudomonas species as part of the normal flora of the human skin. When the
host is immunocompromized, as in the case of a therma burn or surgica
wound, this opportunistic bacteria can quickly colonize and infect the burn and
wound sites (Deplano et al., 2005; Page and Heim, 2009). In cases studies of
burn patients who developed Ps. aeruginosa septicemia, the mortality rate >
75% (Roderic et al., 2004).

Table (4-6): Occurrence of GNB in wound infection in relation to gender

Male Female Total
Isolates

e A O I
---
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The increasing incidence of Ps. aeruginosa in wound infections was
observed by severa scientists especialy in recent years. Masaadeh and Jaran
(2009) found that most causative agent of post operative infections in Irbid,
Jordan was Ps. aeruginosa, 32 isolates (27.8%), following E. coli, 18 isolates
(15.6%). In another study, Kaur et al. (2006) demonstrated that Ps. aeruginosa
(19%) was the commonest isolate from wound infections followed by S
aereus (15%), E. coli (10.5%), and Klebsiella species (7.5%). Anupurba et al.
(2006) showed that prevalence rate of Ps. aeruginosa was 32% of all pathogens
isolated from wound infectionsin India. It is thus clear that the prevalent rate of
Ps. aeruginosa record in this study is in agreement with that obtained in other

studies.

From the perspective of the world community, acquired lower respiratory
tract infections are an important cause of morbidity and mortality for all age
groups. Each year, approximately 7 million people die as a direct consequence
of acute and chronic respiratory infection (WHO 1995). Lower respiratory tract
infections are very common, with an incidence in the world popul ation of 40-50
per 1000. Since the etiology agents of lower respiratory tract infections cannot
be determined clinically, microbiological investigation is critical for both
treatment and epidemiological purpose (Ozyilmaz et al., 2005). In a study
reported herein, 223 lower respiratory tract infected patients were evaluated.
Sputum samples were obtained when the patients were able to expectorate. In
this study, sputa were considered acceptable for culture if they contained > 25
polymorphonuclear cells and < 25 epithelial cells per low-power field as
recorded by Srifuengfung et al., 2005.

In the present study, atotal of 69 (30.9%) GNB isolates were obtained. Of
these 43 (62.3%) from males and 26 (37.7%) from females. The bacterial

Isolates from the patients in the study are summarized in Table (4-7).
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The National Nosocomial Infected Surveillance (NNIS) of CDC of United
State of America reports 60% of nosocomial lower respiratory tract infections to

be caused by aerobic Gram-negative bacteria (Veena Kumari et al., 2007).

Table (4-7): Occurrence of GNB in lower respiratory tract infection in
relation to gender

|

-----

HH

59

www.manaraa.com



Conclusions and Recommendations

However, French and Rang6 (2006) found that reduction of gastric pH due to
some drugs is associated with colonization of the upper respiratory tract and
oropharynx by aerobic Gram-negative bacteria derived from the patients own
bowel. These microorganisms may then pass into the lower respiratory tract and
cause infection. These microbes may also be introduced into the respiratory
tract via contaminated equipment or the hand of staff (Dancer, 2004). Results
show that E. coli was the most frequently isolated organism (23, 33.3%) (Table
4-7). E. coli considered as one bacteria that causes pneumoniawhich transferred
from a genitourinary tract or gastrointestinal source (Packham, 2007). However,
data on the presence of E. coli in lower respiratory tract infected patients in
different parts of the world are variable. In Thailand, 1 (1.4%) of the 53 sputum
of the patients under 5 years of age were found to be E. coli positive
(Ekalaksananan et al., 2001). Out of 383 sporadic cases with lower respiratory
tract infections in Bangladesh, E. coli was found only in 2 (0.5%). The
investigators show that E. coli is not a frequent care of lower respiratory tract
infections (Amin et al., 2009). However, the report detection rate of this
pathogen in Chinas population was 4% (Ding et al., 2009). In Bankok,
Thailand, E. coli infection is emerging as one of most important lower
respiratory tract infections in HIV-positive patients (Srifuengfung et al., 2005).
In the study of Okesola and Ige (2008), the most common bacteria types

present in endotracheal tubes were Klebsiella spp., Ps. aeruginosa, and E. coli.

The present study has found that Klebsiella spp. was the second frequently
isolated organisms (21, 30.4%) (Table 4-7). Numerous in vitro studies have
shown that Klebsiella spp. as the most common causes of lower respiratory
tract. In an Indian study carried out by Veena Kumari et al. (2007) on bacterial
isolates from lower respiratory tract of intensive care unit patients, the

percentage isolation rate for Ps. aeruginosa, Klebsiella spp., and Enterobacter
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spp. have been reported 21.5, 19.8, and 6.2% respectively. Additionaly, in
Russian town, Reshedko et al. (2004) found that the most common Gram-
negative bacteria isolated from sputum of lower respiratory tract infected
patients were Ps. aeruginosa (35.3%), K. pneumoniae (17.2%), Acinetobacter
baumannii (15.9%) and E. coli (8.0%). In some parts of Asia, the prevalence of
respiratory isolates of Klebsiella spp. varied from 37.1% in India(Tangjaet al.,
2009) to 15% in China (Ding et al., 2009) and upto 10.8% in Thailand
(Srifuengfung et al., 2005).

In the present study, out of all the lower respiratory tract cultures positive,
19 (27.5%) showed Ps. aeruginosa isolates (Table 4-7). This organism has the
unique ability to infect all body system especially the respiratory tract which Ps.
aeruginosa is the major leading cause of infection (Savas et al., 2005). Some
strains synthesizes two lectins LecA and LecB, strains that produce high levels
of these virulence factors exhibit an increased virulence potential in chronic
respiratory tract infections (Tielker et al., 2005), High incidence of Ps.
aeruginosa in lower respiratory tract infections were observed by other
scientists, Reshedko et al. (2004) record prevalent rate of 35.3% in Russian
Intensive care unit patients. In a study on the epidemiology of respiratory tract
bacterial pathogens carried out by Varotto et al. (2001), Ps. aeruginosa has
been reported as the most prevalent organism (24%) in Tehran, Iran followed by
Streptococcus pyogenes (18%), Saphylococcus aureus (17%), and K.
pneumoniae (8%). However, in study by Veena Kumari et al. (2006), the most
common Gram-negative bacteria pathogens isolated from lower respiratory tract
infection in India were Ps. aeruginosa (21.5%), followed by Klebsiella spp.
(19%) and E. coli (12.4%). In other study, pharyngeal colonization with Ps.
aeruginosa were found in 18.2% cases admitted to the respiratory tract unit in
Bangkok (Chayakulkeeree et al., 2005). However, the result of present study is
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variable (lower and higher) with the reported by others, this could be attributed

to difference in geographical location and hygienic measures.

In this investigation, it was observed that Proteus spp. had lower
occurrence (6, 8.7%) in the 69 sputum samples analyzed than other GNB (Table
4-7). This finding is in consonance with the workers of Reshedko et al. (2004)
and Kumari et al. (2004).

4.3. Survey of B-lactam Resistance in Clinical Isolates:

Resistance to -lactam antibiotics is now a problem in patients throughout
the world. The prevalence of -lactamases among clinical isolates vary greatly
worldwide and in geographic areas and are rapidly changing over time.
However, the occurrence of -lactam resistance in GNB clinical isolates (n
= 203) were screened on Muller-Hinton agar supplemented with ampicillin and
amoxicillin (each aone) at final concentrations of 50 and100 pg/ml,
respectively. Such two [B-lactam antibiotics were selected because they are the
most commonly used antibiotics in the therapy of bacteria infections, compared
to other B-lactam antibiotics. As part of their therapeutic usage, these antibiotics
can provide a comprehensive primary survey of (-lactam resistant isolates,
because the isolates, that is resistance to new generations of cephal osporins and
carbenicillin, is aready resistant to ampicillin and amoxicillin (Bush et al.,
1995).

During the entire study period, 193 (95.1%) GNB isolates grew normally
with ampicillin and amoxicillin (Table 4-8). This rate agrees with studies of
Patel et al. (2009) and Javiya et al. (2008) which demonstrated that more than
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Table (4-8): B-lactam resistance of Gram-negative bacterial isolates

No. (%) of
No. of . )
Isolate i isolates resistant
isolates
to B-lactam

S —

. o

90% Enterobacteriacae species were resistance to ampicillin and amoxicillin.
Hence the isolates were confirmed -lactam resistant. Such resistance in present

study may be emerged because of the wide spread use of these drugs in Iraqi
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hospitals. In this investigation, the reason of [B-lactam resistance of GNB
isolates is probably due to the production of [B-lactamases, which may be
genetically localized on the chromosome or on a plasmid. Other resistance
reasons may be due to decrease the affinity of target PBPs or decrease
permeability of the drug into the cell (Jacoby and Munoz-Price, 2005). Amyes
(2003) mentioned that there are three further resistance mechanisms include
conformational changes in PBPs, permeability changes in the outer membrane,
and active efflux of the antibiotic. Other studies reported that gnr genes
(integron-associated) are associated with resistance to severa classes of

antibiotics including B-lactam (Paterson, 2006).

As shown in Table (4-8), 59 (95.2%) Ps. aeruginosa isolates were resistant
to both ampicillin and amoxicillin. In an Indian study, Ps. aeruginosa of
tracheal and bronchial samples showed 97.8% and 100% resistance to
ampicillin, respectively (Veena Kumari et al., 2006). In another study, Gad et
al. (2008) found that all Ps. aeruginosa isolates obtained from respiratory tracts
and skin infection were resistant to ampicillin and amoxicillin. However, it is
important to stress that Ps. aeruginosa infection are difficult to treat because of
the bacterias intrinsic resistance to many antibiotics, owing to its low outer
membrane permeability and its ability to acquired new resistance mechanisms
during antibiotic treatment. Ps. aeruginosa broad spectrum of resistance relies
on a wide range of different mechanisms, which are either encoded in its own
chromosome or on a plasmids. Resistance to most penicillins is produced by
firstly constitutive or inducible B-lactamases. Secondly, Ps. aeruginosa is also
capable of modifying the PBP. Lastly, it can use an efflux system "Mex-AB-
Opr M", which is expressed constitutively to expulse the -lactam molecule out
of the cell (Julio et al., 1999).
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In astudy reported herein, 52 (92.9%) of E. coli isolates were resistant to 3-
lactam antibiotics (Table 4-8). This rate was higher than that obtained by Hadi
(2008) who found that 82.6% of E. coli isolates collected from patient with
significant bacteriuriain Naaf were resistant to both ampicillin and amoxicillin.
While it was lower than that reported in Babylon (Flaih, 2005) and in India
(Veena Kumari et al., 2006). The production of B-lactamases is considered the
predominant mechanism of -lactam resistance in E. coli (Pearson et al., 2007).
The first B-lactamase was identified in E. coli prior to the release of penicillin
for use in medical practice (Al-Jasser, 2006). However, the reason of B-lactam
resistance E. coli isolates is may be due to the production of TEM and/or SHV
B-lactamase, which probably chromosomal origin or plasmid mediated. Up to
90% of ampicillin resistance in E. coli is due to production of TEM-1. This [3-
lactamase enzyme is able to hydrolyze penicillin and early cephalosporin
(Bradford, 2001).

The results in this study also showed that 100% K. pneumoniae subsp.
pneumoniae, K. pneumoniae subsp. ozaenae, K. pneumoniae subsp.
rhinoscleromatis, and K. oxytoca were resistance to ampicillin and amoxicillin,
while seven (87.5%) of the eight K. pneumoniae subsp. aerogenes were
resistance to both antibiotics (Table 4-8). The study of Flaih (2005) in Babylon
University showed that all Klebsiella isolates were resistant to both ampicillin
and amoxicillin. In other studies, Veena Kumari et al. (2006) found that 100%
of Klebsiella isolates in India were resistant to ampicillin. The SHV-1 -
lactamase is the most commonly found enzyme in Klebsiella species and is
mainly responsible for ampicillin resistance in this bacteria (Tzouvelekis and
Bonomo, 1999).

In this study, it has been found that all (100%) Proteus vulgaris and 88.9%

of Proteus mirabilis were resistant to ampicillin and amoxicillin (Table 4-8).
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The prevalence of B-lactam resistance Proteus spp. isolates in this study was
comparable to those reported by Datta et al. (2004) who found that 93.5% of

Proteus spp. were resistant to ampicillin.

In the present study, although the B-lactamase undoubtedly plays a major
role in the resistance to B-lactam antibiotics, the high ratio of resistance to
ampicillin and amoxicillin was not only attributable to the production of [3-
lactamase enzymes, it has been found that some bacteria have two types of
mechanisms for -lactam resistance, enzymatic and that related to permeability,
which provide a strong defense mechanisms for these bacteria, making their
therapy adifficult task (Philippon et al., 2002; Jacoby and Munoz-Price, 2005).

4.4. Susceptibility Patterns of Gram-negative Bacilli:

In Gram-negative bacilli, p-lactamases reman the most important
contributing factor to B-lactam resistance and their increasing prevalence and
evolution represent a serious challenge for clinical microbiology laboratories. In
addition to increasing resistance to [(-lactam antibiotics, resistance to other
commonly used antibiotics is increasing. The present study demonstrated the
percentage of resistant and sensitive isolates to a range of common groups of
antibiotics for the 193 3-lactam resistance isolates of Ps. aeruginosa (n = 59), E.
coli (n=52), Klebsiela spp. (n = 61), and Proteus spp. (n = 21) tested. In this
investigation, the susceptibility of the isolates to various antimicrobial agents
were determined by Kirby-Bauer disc diffusion method (Ratna et al., 2003) and
recommended by the Clinical and Laboratory Standards Instituted (CLSI,
2009).

A summary of resistance rates for all antibiotics against the B-lactam

resistance GNB is shown in Figure (4-2). The highest resistants were found for
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each of cefazolin and gentamicin (87.7%), piperacillin (86.7%), cefoxitin
(84.6%), augmentin (84.1%), cefotaxime (76.9%), cefixime (76.9%),
ceftazidime (73.8%), cefepime (72.3%), tetracycline (68.7%), and trimethoprim
(65.1%). Intermediate resistance rates were obtained for aztreonam (60.5%),
each of ceftriaxone and levofloxacin (59.0%), ndidixic acid (56.4%), co-
trimazine (53.8%), rifampicin (46.7%), chloramphenicol (43.6%), tobramycin
(40.0%), norfloxacin (32.8%), and ciprofloxacin (32.3%). The lowest resistance
rates were observed for imipenem (5.1%). The high-level resistance to many
antibiotics in the present study may be as a result of both intrinsic and acquired
mechanisms. This resistance is widespread and constitutes serious clinical
threats (Mathur et al., 2002).

Results from Figure (4-2) revealed that GNB isolates were highly resistant
to cefoxitin (84.6%). This antibiotic is stabile to broad spectrum B-lactamases
mediated hydrolysis as compared with other cephalosporins. The resistance to
cefoxitin may be as a result of the development of porine-deficient mutants
(Manchanda, and Singh, 2003). In addition, increasing numbers of GNB strains
express different types of [-lactamases including inducible and/or plasmid-
mediated AmpC type of enzymes may also increase the chance for resistance to
cefoxitin (Siu et al., 2003). Many GNB species like E. coli and Ps. aeruginosa
possess [-lactamases of the AmpC types. The product of AmpC gene is an
enzymes, that are broadly active against cephalosporins but is not inhibited by
clavulanate. Furthermore, migration of chromosomal AmpC gene into plasmids
poses a serious threat (Komatsu et al., 2000). As shown in Figure (4-2), all
bacteria isolates were highly resistant to cefotaxime (76.9%) and ceftazidime
(73.8%). On the other hand moderately
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Chloramphenicol (C)
Co-trimazine (Cm)
Trimethoprim (TR)
Norfloxacin (NX)
Levofloxacin (LE)
Ciprofloxacin (CIP)
Nalidixic acid (NA)
Rifampicin (RA)
Tobramycin (TO)
Gentamicin (GM)
Imipenem (IPM)
Aztreonam (ATM)
Cefixime (FIX)
Cefoxitin (FOX)
Cefepime (FEP)
Ceftriaxone (CRO)
Ceftazidime (CAZ)
Cefotaxime (CTX)
Cefazolin (CZ)
Amoxicillin/clavulanate(A/C)

Piperacillin (Pi)
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resistant to aztreonam (60.5%) and ceftriaxone (59.0%). These resistances,
mainly, are an important indicator for the presence of ESBLs. ESBL -producing
Gram-negative rods are undoubtedly one of the most important etiologica
agents of many severe and life-threatening nosocomial infections (Kang et al.,
2005). The genes encoding ESBLs are usualy localized on large, transferable
plasmids that can easily become widespread in Gram negative bacilli (Franiczek
et al., 2007).

In the present study, there was a high resistance level to B-lactam/3-
lactamase inhibitor combination (amoxicillin/clavulanic acid) (84.1%). This is
likely to be due to the heavy selection pressure from overuse of this antibiotic
and seem to be losing the battle. This result is accordant with the results being
reported by Al-Zahrani and Akhtar (2005). In previous study, Tanga et al.
(2008) found that 93.4% of GNB isolated from patients with UTI were resistant
to amoxicillin/clavulanic acid, this may be due to aso the production of AmpC
B-lactamases.

Also there was a reduce activity of quinolones including levofloxacin,
norfloxacin, and ciprofloxacin (resistance rates were 59.0%, 32.8%, and 32.3%,
respectively) (Figure 4-2). Quinolone-resistance is typically encoded
chromosomally. This resistance against fluoroquinolones in this study may
reflect significant antibiotic pressure in the environment rather than co-carriage
of this resistance gene on plasmids. Quinolone resistant is usually caused by
various chromosomal mutations that alter the target enzymes, such as DNA
gyrase and topoisomerase IV, or activate efflux systems (Jeong et al., 2005).
Plasmid-mediated quinolone-resistant has only recently discovered. The
plasmid genes responsible for quinolone-resistance, termed gnr (Shigemura et
al., 2008).

In the present study, B-lactam resistance GNB isolates showed highest
susceptibility to imipenem (94.9%). It appears that imipenem are the drug of
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choice for serious infection with broad spectrum (-lactamase producing
organisms as has been recommended earlier (Pongpech et al., 2008). However,
these should not be administrated as empirical therapy for Gram-negative
infections that are not life treating because their overuse can pose a significant
problem (Al-Zahrani and Akhtar 2005).

Among the most commonly used antibiotics discs, a striking feature of this
study is the large number of antibiotic resistance found in Ps. aeruginosa
isolates. Ps. aeruginosa were showed highest resistance against both cefoxitin
and cefazolin with resistance rate of 100%. The next most resistant to
antibiotics (with resistance rate between 98.3% to 91.9%) were
amoxicillin/clavulanic  acid, cefotaxime, nalidixic acid, trimethoprim,
piperacillin, cefexime, cefepime, and tetracycline. While these isolates showed
the highest sensitive to imipenem (72.9%) (Figure 4-3), these results considered
in high levels because this microorganisms may acquire more enzymatic agents
in an environment of the hospitals, Ps. aeruginosa possesses greater potential
for enzymatic modification and degradative drug resistance mechanisms (Stover
et al., 2000). The recently researches revealed different genes encoded different
enzymes, MexXY-OprM has been reported to confer tetracycline resistance in
Ps. aeruginosa (Jeannot et al., 2005). Therefore, the bacteria which tetracycline
resistance may have MexXY-OprM genes. AAC(6°)-lIlais commonly found in
Ps. aeruginosa, it confers resistance to gentamicin, and tobramycin (but not to
amikacin), whereas AAC(6’)-1b
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confers resistance to amikacin, tobramycin, and kanamycin (but not to
gentamicin). Almost all aac(6’)-1b genes were found in the gene cassette within

theintegron in Ps. aeruginosa (Casin et al., 2003).

Other studies in different places were reported to have similar results,
Veena Kumari et al. (2006), from India showed high rate the resistance of Ps.
aeruginosa to cefazolin (100%), ceftriaxone (80.5%), gentamicin (73.6%),
ciprofloxacin (69%), cefotaxime (62.1%), ceftazidime (59.8%), and piperacillin
(52.9%). In another study of Rashid et al. (2007) who reported that
susceptibility of Ps. aeruginosa was 93.3% to cefixime, 86.1% to ceftriaxone,
80% to gentamycin, and 86.8% to ceftazidime. From Egypt, Gad et al. (2008),
found the resistance of Pseudomonas spp. to amoxicillin/clavulanic acid was
100% and aztreonam was 59%, whereas resistance to imipenem was 70.5%,
ciprofloxacin was 29.5%, and ceftriaxone 68%. Masaadeh and Jaran, (2009) (in
Jordan), Ps. aeruginosa isolates were found to be high resistant gentamycin
(72%), tobramycin (69%), ciprofloxacin (66%). The reason behind these results
is that the intrinsic antibiotic resistance of Ps. aeruginosa may be due to the

expression of chromosomally encoded efflux pumps (Li and Nikaido, 2004).

In the present study, among the 52 E. coli isolates that were tested for
antimicrobial susceptibility, all these isolates were resistance to gentamicin,
while the vast mgjority of the isolate were resistant to piperacillin 80.8%.
Resistance to cefazolin was shown in 78.8% of these isolates. Moreover, 69.2%

and 63.5% of E. coli isolates showed susceptibility to chloramphenicol
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Figure (4-4): Resistivity patterns of 52 E. coli against different antibiotics.
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and ciprofloxacin, respectively. On the other hand, 100% of the E. coli isolates
were found to be sensitive to imipenem (Figure 4-4). This result was agreed
with previous studies that show similar of imipenem against all E. coli isolates
(Al-Lawati et al., 2000; Srifuengfung et al., 2005; Tonkie et al., 2005; Messai et
al., 2006; Tantracheewathorn et al., 2007; Jayapradha et al., 2007). The studies
in Addis Ababa, Asrat and Wolde Amanuel (2001) showed that E. coli
resistance was 75% to trimethoprim sulfamethoxazole, 64% to augmentin, 64%
to chloramphenicol, 36% to gentamicin. Isibor et al. (2008), in Nigeria, found
low resistant to gentamicin (57%) and higher to amoxicillin/clavulanic acid
(100%). Previous studiesin USA (Bolon et al., 2004) reported lower resistant to
ciprofloxacin (11%) and norfloxacin (13%). These differentiations between
studies may be reflect antibiotics may not have been misused or the bacteria did

not exposed to these antibiotics in those regions.

The ability of Klebsiella spp. isolates to grow in the different of antibiotics
was tested (Figure 4-5). All these isolates were resistance to gentamicin (100%),
followed by  piperacillin = (93.4%). Resistance to  cefazolin,
amoxicillin/clavulanic acid, cefoxitin, and cefixime were 82.0%, 78.7%, 78.7%,
and 75.4%, respectively. Moreover, 83.6%, 80.3%, and 73.8% of Klebsiella
spp. isolates showed susceptibility to norfloxacin, ciprofloxacin, and nalidixic
acid, respectively. Among the antimicrobials tested, the floroquinolones seem to
be effective in treating infections caused by Klebsiella spp., the resistance rates
were (34.4%) to levofloxacin, (19.7%) to ciprofloxacin, and (16.4%) to

norfloxacin, in spite of the fact that resistance to
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floroquinolones is increasing in Europe, Asia and America and its use is
significantly associated with the isolation of resistant Enterobacteriacaeae
(Sheng et al., 2002; Bolon €t al., 2004). On the other hand, al Klebsiela spp.
Isolates were found to be susceptible imipenem (100%). Other previous studies
have shown similar result of imipenem against all Klebsiella spp. isolates in
different countries, in Sultanate of Oman (Al-Lawati et al., 2000), in Russian
from ICUs (Reshedko et al., 2004), and in Jordan (Bataineh and Alrashed,
2007).

Among the 21 isolates of Proteus spp. that were tested for antimicrobial
susceptibility, all isolates were resistance to gentamicin (100%). Resistance to
amoxicillin/clavulanic acid, cefoxitin, cefazolin, and piperacillin, was shown in
90.5% of these isolates, while 71.4% to each of cefixime, cefotaxime,
levofloxacin. On the other hand, al Proteus spp. isolates were found to be
sensitive to imipenem. Moreover 66.7% of Proteus spp. isolates showed

susceptibility to each of chloramphenicol and ciprofloxacin (Figure 4-6).

Other previous studies in different places, in Cameroon (Gangoue-Pieboji et al.,
2006) and in Greece (Redlinski et al., 2005) have shown similar results to
imipenem against all Proteus mirabilis isolates. This sensitivity to imipenem
reflect good permeability of this antibiotic to across the cell wall of Gram-
negative bacteria (Labombardi, 2007), or may mean that these isolates have not

any carbapenemase enzymes.
However, other studies revedled high senstivity of these isolates to
different antibiotics, Gangoue-Pieboji et al. (2006) found the sensitivity of these

isolates to antibiotics as follows 100% to both aztreonam and ceftazidime, 98%
to cefotaxime, 97% to cefoxitin, 69% to amoxicillin/
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Figure (4-6): Resistivity patterns of 21 Proteus spp. against different
antibiotics.
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clavulanic acid, 68% to gentamicin, 48% to cefazolin, and 40% to amoxicillin.
Khushal (2004) reported that 53% of P. mirabilis were sensitive to cefixime,
65% to ceftazidime, 67% to ceftriaxone, and 100% to cefotaxime. Reslinski et
al. (2005) found that P. mirabilis isolates were highly resistant to
cephalosporins 100 %, co-trimazine 98.9%, quinolones (e.g. nalidixic acid)
77.7%, and tetracycline 63.8%.

Clinical isolates are considered multi-drug resistant (MDR) if an isolate is
resistance to representatives of three or more main classes of the following
antimicrobial agents; penicillins, cephalosporins, monobactams, carbapenems,
aminoglycosides, quinolones, sulfamides, and tetracyclins (Obritsch et al.,
2005). However, in the present study, it has been found that 174 (85.7%) of the
isolates were characterized as a multi-drug resistant (Table 4-9). Bacteria
resistance to antibiotics are widespread nowadays and constitutes serious
clinica threats (Mathur et al., 2002). Infections due to multidrug-resistant
strains of E. coli, K. pneumoniae and other Gram-negative bacteria have been

causing significant diagnostic and therapeutic problems (Kader et al. 2006).

Multi-drug resistant rate varies from country to country, in Iraq Al-Mohana
(2004) reported that 56.8% of clinical isolates of E. coli were resistant to more

than five antimicrobial agents in Naaf. Al-Asady (2009) found that all 15
(100%) of the B-lactam resistant E. coli and Klebsiella spp. isolates obtained
from children with bacteremia in Hilla city were multi-drug resistance.
However, over al Gram-negative isolates from Latin American countries
showed the lowest susceptibility rates to all antimicrobial agents followed by
Asian and European isolates (Gals et al., 2001).
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Table (4-9): Occurrence of MDR in GNB isolates

_ Total of No. % of MDR
Type of isolates _
isolates

In this study, among 59 [-lactam resistant Ps. aeruginosa isolates, 58
(98.3%) were identified as multi-drug resistance (Table 4-9). Ps. aeruginosa
Infections are difficult to treat because the responsible strains may be resistance

to multiple antibiotics. Antibiotics resistance may emerge during or after
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treatment of Ps. aeruginosa infections with antibiotics (Fonseca et al., 2005).
However, the susceptibility pattern of isolates to some commonly used
antibiotics as reported in this study is similar to that found in other literatures.
Hassanien (2004) in Egypt, found multiple drug resistance against most of the
examined poultry pathogens Ps. aeruginosa, E. coli, K. pneumoniae and S

aureus.

4-5 Frequency of Extended Spectrum -Lactamases Production:

Extended Spectrum (-Lactamases (ESBLS) are defined as acquired,
transferable B-lactamases that can significantly hydrolyse third generation
cephal osporins (e.g. cefotaxime, ceftazidime, and ceftriaxone) and monobactam
(aztreonam), but inactive against cephamycins, carbapenems (Paterson et al.,
2004; Chaudhary and Aggarwal, 2004), and [-lactamase-inhibitors such as

clavulanic acid and tazobactam (Livermore, 2008).

The ESBL detection methods can be roughly divided into two groups:
phenotypic methods, which detect the ability of the ESBL enzymes to hydrolyse
different cephalosporins, and genotypic (molecular techniques) methods, which
detect the genes responsible for the production of the ESBL. The phenotypic
methods are commonly used by clinical diagnostic laboratories since these tests
are easy to peform and they are also cost effective. In addition, the
incorporation to automated susceptibility systems, have made them easily
accessible (Wiegand et al., 2007).

The present study was conducted on the presence of ESBL-production in
193 B-lactam resistant Ps. aeruginosa, E. coli, Klebsiella spp. and Proteus spp.
clinical isolates recovered from patients with wound and lower respiratory tract

infections in Naaf hospitals. However, Gram-negative pathogens, such as
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Enterobacteriaceae and Ps. aeruginosa have acquired an important role in
hospital infections, which is of particular concern because of the associated
broad spectrum of antibiotic resistance (Pérez-Llarena and Bou, 2009). Early
detection of ESBLs is necessary in infection control. But silent genes
occasionally be activated or modestly functional genes may be enhanced as a
result of selective pressure of antibiotic therapy (Jain et al., 2003). There is not
one single detection method that covers all different B-lactamase resistance
mechanisms (Drieux et al., 2008), the sensitivity and specificity of a
susceptibility test to detect ESBLs vary with the cephalosporin tested (Navon-
Veneziaet al., 2003; Tofteland et al., 2007).

4-5-1 Phenotypic Methods:

4-5-1-1 Initial Screen Test:

The initial screening and confirmation methods only indicate the possible
presence of ESBLs (Livermore and Brown 2005). In this study, isolates of
Gram-negative bacteria were screened for ESBLs by the National Committee
for Clinical Laboratory Standards (CLSI, 2007), initial screen disc test using
third generation cephaosporins and monobactam discs. When the inhibition
zones of the antibiotics used for screening ESBL was < 27 for cefotaxime
(30uQ), < 22 for ceftazidime (30ug), < 25 for ceftriaxon (30ug), and < 27 for
aztreonam (30pg) respectively, the strain was suspected as a potential ESBL
producer (CLSI, 2007).

The results of this study show that the best indicator cephalosporin for
detection of ESBLs in al isolates is cefotaxime. This cephalosporin
demonstrated the highest rate (97.9%) of ESBL detection among isolates in the
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susceptibility test. On the other hand, ceftriaxone demonstrated the lowest

percentage (76.7%) of isolates in the susceptibility test. However, the initia

screening for reduce susceptibility to third generation cephalosporins and
aztreonam in the present study showed that 189 (97.9%) of GNB isolates tested
were revealed a potential ESBL-producers, initialy (Table 4-10).

Table (4-10): Extended-spectrum B-lactamase (ESBL) producing GNB

isolated from the patients by phenotypic initial screen test

No. (%) of the
: No. of
Type of isolate isolates potential ESBL
producer
Ps. aeruginosa 59 58 (98.3%)
E. coli 52 51 (98.1%)
K. pneumoniae subsp. pneumoniae 19 19 (100%)
K. pneumoniae subsp. o0zaenae 15 15 (100%)
K. pneumoniae subsp. rhinoscleromatis 14 13 (92.9%)
K. pneumoniae subsp. aerogenes 7 6 (85.7%)
K. oxytoca 6 6 (100%)
Proteus mirabilis 16 16 (100%)
Proteus vulgaris 5 5 (100%)
Total (%) 193 189 (97.9%)
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From different places, other studies are agreement with present study, in
New Zealand reported that al E. coli and Klebsiella spp. isolates (n = 87) that
were screen positive (Blackmore, 2006), in India, al K. pneumoniae were
suspicious of ESBL-producers when used cefotaxime and ceftriaxone
(Chiangjong, 2006), and in Germany reported that 85% of E. coli and 94% of
Klebsiella spp. were suspected as ESBL-producers (Svard, 2007). The persistent
exposure of bacteria to a multitude of B-lactams has induced dynamic changes
in terms of increasing production of f-lactamases and mutations in their

restricted spectrum enzymes to become ESBL s (Pongpech et al., 2008).

In other studies (by this method) were contrary, that showed lower
percentage of ESBL-producers. In Hilla city, only 6 (15.7%) of Klebsiella spp.
isolates were potentiad ESBL-producers (Al-Charrakh, 2005). However,
different frequency of ESBL-producers were observed, in Thailand (38.3%)
(Pongpech et al., 2008) and in India (55%) (Goyal et al., 2009).

In the present study, all potential ESBL-producing isolates were resistant
to most of the B-lactams and non [B-lactams antibiotics. However genes that
encode ESBLs are often located on plasmids together with genes encoding
resistance to trimethoprim, aminoglycosides, sulphonamides, tetracyclines,
fluoroginolones, and chloroamphenicol (Potz et al., 2006; Paterson, 2006), and
therefore ESBLs are often MDR producers. The prevaence of MDR and
resistance to fluoroginolones e.g. ciprofloxacin is increasing among ESBL
producers (Kang et al., 2004; Livermore et al., 2008); Nevertheless, present
study revealed that all potential ESBL producers were susceptible to the
carbapenems (e.g. imipenem) tested. Jamal et al. (2009), they indicated that

carbapenems are the reliable drugs of choice for serious or life-threatening
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infections caused by ESBLs-producing bacteria. Imipenem and meropenem
were very active against ESBL and non-ESBL producers. In this study, the high
resistance rate amongst Gram-negative Dbacilli to third-generation
cephalosporinsis alikely consequence of heavy empirical usage of this group of
antibiotics, this high prevalence of ESBL-production among Gram-negative
bacilli were commonly observed in K. pneumoniae and E. coli in Asia (Kader
and Veena Kumar, 2005; Ross et al., 2006).

4-5-1-2 Phenotypic Confirmatory Test

According to the guidelines provided by the Clinical and Laboratory
Standards Instituted (CLSI, 2006), ESBL screen was followed by ESBL
confirmatory tests using double disc synergy (DDS) test (which also called
Jarlier method). This test is placed cefotaxime, ceftazidime, ceftriaxone, and
aztreonam antibiotic discs (20 ug for each one) on Muller Hinton agar at a same
distances (30 mm from center to center) from the amoxicillin/clavulanic acid
disc (which placed in the center of the plate). The clavulanic acid is separated
and distributed around disc, this component can permeate the bacterial cell
walls and can inactivate extracellular enzymes (Livermore and Brown, 2001;
Bedenic et al., 2001); the synergy effect seen depended on the diffusion across
the agar. A clear enhancement of the zone of inhibition was seen on sides of the
amoxicillin/clavulanic acid disc toward other discs, these clear enhancement
indicated some synergistic effect between the clavulanic acid and other an
oxyimino-cephalosporin (third generation cephalosporins) and monobactam
antibiotics which mean that these bacteriaare ESBL producers, while the strains
without synergistic effect considered non-ESBL producers (Al-Jasser, 2006).
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In the present study, the result showed that only 10 (5.2%) of the 193
isolates were confirmed as ESBL producers. These results are summarized in
Table (4-11). The majority of the ESBL-producing GNB were shown to be from

wound infections (9, 90%), while, only one (10%) were from lower

Table (4-11): Frequency of ESBL producing-GNB isolates by double disc

synergy method
No. (%) of the
Type of isolate il?éti ESBL producer by
Confirmatory test
Ps. aeruginosa 39 2 (3.4%)
E. coli 52 5 (9.6%)
K. pneumoniae subsp. pneumoniae 19 0.0
K. pneumoniae subsp. ozaenae 15 0.0
K. pneumoniae subsp. rhinoscleromatis 14 3 (21.4%)
K. pneumoniae subsp. aerogenes 7 0.0
K. oxytoca 6 0.0
P. mirabilis 16 0.0
P. vulgaris S 0.0
Total (%) 193 10 (5.2%)
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respiratory tract infections. Occurrence of ESBL in isolates was as follows. 5
(9.6%) were E. cali, 3 (21.4%) were K. pneumoniae subsp. rhinoscleromatis,

and 2 (3.4%) were Ps. aeruginosa.

Double disc synergy method is widely used because it is the more
commonly and reliable method (Bedenic et al., 2001), as well as easily adopted
by laboratories for detection of ESBLs among clinical isolates. DDS tests are
sensitive and specific in Enterobacteriaceae (Livermore et al., 2001; Florijn et
al., 2002), but this test may not be as useful for detection of ESBLS in many
cases; if the optimum disc placement is not exactly, the inability of clavulanic
acid to inhibit all ESBLS, the loss of clavulanic acid disc potency during
storage, and the inability to detect ESBL s isolates which have ability to produce
chromosomal and plasmid-mediated cephal osporinases (Hemalatha et al., 2007;
Fam and El-Damarawy, 2008).

In this study, the proportion of ESBL producers is considered low when
compared with the results of initial screen disc test, which all these isolates were
cefoxitin resistant, and any isolate was cefoxitin resistant indicates that it is

possibly AmpC B-lactamase producers which can mask ESBL productionin

the standard CLSI ESBL confirmatory tests. False results are supposed to occur
if the AmpC activity islarger than activity of ESBL which may lead to

failure treatment (Yan et al., 2002). Therefore, it can be said that these isolates
may have ESBL enzymes, but they can’t be detectable by third generation
cephal osporins with amoxicillin/clavulanic acid may be due to the existence
AmpC enzymes which act as a mask against the production of ESBL enzymes

in confirmatory tests. Unlike ESBLs, AmpC [-lactamases do not confer
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resistance to fourth-generation cephalosporins. Therefore, the use of fourth-
generation cephal osporins, such as cefepime and cefpirome, should facilitate the
detection of ESBLs in organisms that also produce AmpC [-lactamases (Al-
Jasser, 2006; Svard, 2007). On the other hand, ESBL producing isolates don’t
aways show in vitro, because the cases may show that especially simultaneous
presence of metallo-enzymes with carbapenem hydrolyzing activity (Mavroidi
et al., 2000; Docquier et al., 2001; Paterson et al., 2001), extended spectrum
oxacillinases (e.g. OXA-10) (Girlich et al., 2002), effective of GES-2 on
clavulanic acid (Poirel et al., 2001), or may combine mechanisms of resistance
like efflux pumping and impermeability (Weldhagen et al., 2003). Therefore,
Navon-Venezia et al. (2005); Drieux et al. (2008); and Kahlmeter (2008)
mentioned that ESBL enzymes is difficult to detect phenotypically with the
existing AmpC B-lactamase genes. By the way, infections caused by ESBL - and
AmpC B-lactamase-producing Gram-negative bacteria complicate therapy and
limit treatment options (Féarber et al., 2008); ESBL producing organisms mainly
Enterobacteriaceae have been an emergent problem in hospitals and other
health care centers as a cause of nosocomial outbreaks worldwide (d' Azevedo
et al., 2004). Different prevalence reports have been observed in different
geographical areas and are rapidly changing over times (Babypadmini and
Appaargu, 2004). The most effective and reliable is carbapenem antibiotics
e.g. meropenem and imipenem (Samaha-Kfoury and Argj, 2003) which has
highly active in vitro against Enterobacteriaceae including organisms that
produce ESBL s (Paterson et al., 2005).

This study show lower proportion of (5.2%) ESBL producing isolates than
other studies in different places, in Hilla city, 46.7% of the B-lactam resistant
isolates were ESBL producers (Al-Asady, 2009); the percentage expression
ESBL phenotype was higher in Gram-negative isolates from Norway (63.2%)
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(Tofteland et al., 2007), the Thailand (31%) (Pongpech et al., 2008), and the
spain (72%) (Escudero et al., 2009). On the other hand, other studies revealed
lower proportion of ESBL producers than this study, in South India (2.9%)
(Menon et al., 2004) and in Korea (4.8%) (Shah et al., 2004).

Although ESBLs are theoretically inhibited by p-lactamase inhibitors (e.g.
clavulanic acid), the present study found that the 90% of ESBLs producing
bacteria were resistant to B-lactam/B-lactamase inhibitor combinations, this may

be because of production of AmpC and carbapenemase enzymes.

In the present study, of the 52 E. coli isolates, only five (9.6%) were ESBL
producers by using double disc synergy test (Table 4-11) and Figure (4-7), all
these isolates were obtain from patient with wound infections. A similar
isolation rate were observed in Korea (Ryoo et al., 2005), in Latin America
(Villegas et al., 2004), and in South India (Jayapradha et al., 2007) were 9.3%,
8.5%, and 8.3%, respectively.

On the other hand, the occurrence of ESBL producing E. coli in this study
Is considered lower than other studies in different places, in Ngaf city, that
ESBL producing E. coli was 15.8 (Hadi, 2008); in Hilla city, Al-Asady (2009)
reported that 13.3% of Enterobacteriaceae isolates was ESBL producers; in
Kuwait, ESBL producing E. coli was 62% (Jamal et al., 2009); in Iran, only
16.8% was ESBL producers (Mansouri and Ramazanzadeh, 2009).

As shown in Table (4-11) and Figure (4-8), only 3 (4.9%) out of 61
Klebsiella spp. isolates were confirmed as ESBL producers. All these ESBL-
producing isolates were K. pneumoniae subsp. rhinoscleromatis. Two of these
Isolates were from wound infections, while only one was from lower respiratory

tract infection. This result is agreement with the research of Patrick
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-

Figure (4-7): Double disc synergy test to detect ESBL producing in E. coli
NE139 isolate.

A/C, Augmentin disc (20 pug of amoxicillin plus 10 pg of clavulanic acid) CRO,
ceftriaxone 30 ug; CTX, cefotaxime 30 pg, CAZ, ceazidm 30 pg and ATM,
aztreonam 30 pg.

et al. (2009) in Netherland which revealed that 5.2% of K. pneumoniae were
ESBL producers. The overal rate of ESBL-producing Klebsiella spp. in this
study was lower than that reported in other investigations. Al-Charrakh (2005)
reported that 10.5% of all Klebsiella spp. were ESBL producers in Hilla city;
Hadi (2008) found that 22.7% of K. pneumoniae collected from patient with

significant bacteriuriain Najaf were ESBL producing isol ates.
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Figure (4-8): Double disc synergy test to detect ESBL producing in K.

pneumoniae subsp. rhinoscleromatis NK74 isolate.

A/C, Augmentin disc (20 pg of amoxicillin plus 10 ug of clavulanic acid) is
placed in the center that surrounded by 3 discs of third generation
cephalosporins (CRO, cer iaone 30 pg; CTX, cefotaxime 30 pg; and CAZ,
ceazidm 30 pg) and one disc of monobactam (ATM, aztreonam 30
HO).

However, in India, Goyal et al. (2009) found that 66.7% of Klebsiella spp.,
isolates were identified as ESBL producers; and in Kuwait, ESBL production
was detected in 82.1% of the K. pneumoniae isolates (Jamal et al., 2009).
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In this investigation, out of 59 Ps. aeruginosa isolates, only 2 (3.4%) were
positive for ESBL test (Table 4-11). The source of these isolates were from the
wound infections. Ps. aeruginosa strains producing plasmid-mediated ESBL
have been reported increasingly (Marchandin et al., 2000). Most of them are
non-SHV and non-TEM type of ESBLs such as; PER-1 and OXA type (Afzal-
Shah et al., 2001; Luzzaro et al., 2001).

However, al of Proteus spp. isolates in the present study were non-ESBL
producers. In previous studies of hospital outbreak reports have been associated
with use and overuse of third generation cephalosporins as the mgor cause of
ESBL producing organisms emergence worldwide (Saurina et al., 2000; Bisson
et al., 2002). In addition, controlling the use of cephalosporin usage appeared to

be useful in limiting some of the outbreaks.

4-5-2 Molecular Detection of ESBL Genes:

Molecular methods, particularly PCR, are widely used for confirmation
and determination of ESBL genes. however, only genesin the families of TEM,
SHV, OXA, and CTX-M were selected in the present study. The studies on the
distribution of blargy, blagyy, blagxa, and blacrxw in ESBL-producing GNB,
have been performed worldwide, but only few data have been published in Irag
(Hadi, 2008). Nevertheless, the goal of present study was to evaluate to
occurrence of blargy, blasyy, blaoxa, and blactxm genes among 62 potential
ESBL-producing clinical isolates recovered from patients in Naaf. PCR is
considered the best efficiency method for ESBL detection because it is a faster
than phenotypic detection method (Chiangjong, 2006), and also detect the

presence of poorly or non-expressed (silent) genes difficult to determine by
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phenotype; PCR may also be used to directly test patient samples as an early
predictor of infection (Diekemaet al., 2004).

Of the 189 potential ESBL producing GNB isolates (and because of the
expensive cost of the genotypic method), only 62 (32.8%) isolates were chosen
to be screened by PCR for the presence of genes that encode TEM, SHV, OXA,
and CTX-M. However, 51 (82.3 %) of 62 potential ESBL producing GNB
isolates were carried at least one of the above mentioned ESBL genes;
nevertheless, 34 (66.7%) of these isolates were recovered from patients with
wound infections, while, only 17 (33.3%) were obtained from patients suffering
from lower respiratory tract infections (Figure 4-9). Among these isolates, 17
(27.4%) were Ps. aeruginosa, 15 (24.2%) were E. coli, 15 (24.2%) were
Klebsiela spp., and 4 (6.5%) were Proteus spp. (Figure 4-9).
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Figure (4-9): Distribution of ESBL genes among GNB isolates according to
the source of samples.
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The results revealed that 27 bacterial isolates were contained only one type
of ESBL genes: nine blactx.w genes, eight blasy genes, eight blagya genes, and
two blargy genes. While, 21 isolates had the combination of two genes. 13
blarem genes (five in combination with blagy, genes; two in combination with
blaoxa genes; six in combination with blacrx.v genes), five blagy, genes (four
in combination with blacrx.m genes and one in combination with blagka gene),
and three blacryx.v genesin combination with blagxa genes, and two (3.2%)
isolates had three types of ESBL genes, Ps. aeruginosa (combination of blagyy,
blaoxa, and blactxm genes) and E. coli (combination of blargy, blasyy, and
blaoxa genes). As well as one (1.6%) isolate (K. pneumoniae subsp.
rhinoscleromatis) carried the combination of four genes (blargy, blasyy, blacxa,
and blacrx.v genes) (Table 4-12). The prevaence of bacteria which produced
more than one type of ESBL enzymes is considered more dangerous for human
hygiene (Erlandsson, 2007); therefore, different studies are needed to find more
effective strategies to improve antibiotic use and hospital hygiene in order to

minimize the emergence and spread of resistant organismsin Ngaf hospitals.

The present study revealed that CTX-M [-lactamase was the most
prevalent (38.7%) among the ESBL producing isolates, followed by SHV
(33.9%); while, TEM and OXA B-lactamases were the less (27.4% for each).
Overadl, this result is in agreement with many Asia's studies like Yan et al.
(2000) in Tawan and Goyal et al. (2009) in India, who reported that CTX-M [3-
|actamases were the commonest enzymes than TEM and SHV in clinical GNB
Isolates. The CTX-M and SHV [3-lactamases were mostly found among the Ps.
aeruginosa isolates (10, 17.2% and 7, 12.1% respectively), while TEM and

OXA [-lactamases were the most prevalence among Klebsiella spp.
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Table (4-12): Extended spectrum (-lactamase (ESBL) genotypes in ESBL-
producing Gram-negative isolates

ST I— Number amplified
sitive by or Totd

ESBL genes : Proteus
aeruginosa spp.
A. Single ESBL
gene:
TEM 2
SHV 8
CTX-M 9
OXA 8

B. Two or more

ESBL genes:
TEM, SHV 1 1 3 0 5
TEM, CTX-M 2 2 2 0 6
TEM, OXA 1 0 1 0 2
SHV, CTX-M 2 2 0 0 4
SHV, OXA 0 0 0 1 1
CTX-M, OXA 0 2 0 1 3
TEM, SHV, OXA 0 1 0 0 1
SHV, CTX-M, OXA 1 0 0 0 1
TEM, SHV, CTX-M, OXA 0 0 1 0 1
Total 17 15 15 4 ol
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isolates (8, 13.6% and 6, 10.2% respectively) as showed in Table (4-13). Many
of GNB contain large or mega plasmid when these isolates carry B-lactams

resistance and non-f-lactams resistance genes that confers ability to resistance

different types of antibiotics; additionally, the activity of transferable and
conjugatable can facilitate plasmids and integrons to distribution resistant genes

among different bacteria (Jacoby and Munoz-Price, 2005).

All the TEM-, SHV-, CTX-M-, OXA-positive isolates were resistant to
cefoxitin and piperacillin. While, 94.1%-95.8% of these isolates were, resistant
to the oxyimino-cephaosporins (cefazolin, cefixime, cefotaxime, and
ceftazidime); Nevertheless, the present study revealed that all these isolates
were susceptible to imipenem which is in agreement with other studies, for
example, Paterson (2006) and Livermore et al. (2008) who showed that the vast
majority of Enterobacteriaceae, including ESBL producers, remain susceptible
to carbapenems, because they are highly stable to B-lactamase hydrolysis,
therefore, carbapenems are the reliable drugs of choice for serious or life-
threatening infections caused by ESBL s-producing bacteria. However, Jamal et
al. (2009) found that imipenem and meropenem were very active against ESBL

producers.

On the other hand, the present study revealed that, out of the 62 GNB, a
total of 51 isolates were identified as ESBL positive by PCR method, when
compared to the phenotype data confirmed by double disc synergy method

(only 10 isolates gave positive results).

These results confirmed the possibility of existing of AmpC [-lactamase
enzyme with larger activity which can mask ESBL production, this idea was
confirmed by Yan et al. (2002) and Pitout et al. (2003) who reported that the
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Table (4-13): Distribution of the ESBL genes among 62 of GNB

No. of
© 9 No. (%) of the ESBL genes
. potential
Type of isolate
ESBL
isolates blarem blaghy blacTx-m blaoxa
Ps. aeruginosa 18 | 4(22.2%) | 7 (38.9%) | 10 (55.6%) | 4 (22.2%)
E. coli 20 | 5(25%) | 6(30%) | 8(40%) | 5(25%)
K.pneumoniaesubsp. | 7 |4 14306 | 0(0.0%) | 0(0.0%) |5 (71.4%)
pneumoniae
K. pneumoniae subsp. 3 | 1(333%)|1(33.3%)| 1(33.3%) | 0(0.0%)
0Zaenae
K. pneumoniaesubsp. | 4(80%) | 4(80%) | 2(40%) | 1(20%)
rhinoscleromatis
K. pneumoniae subsp. 0 0(0.0%) | 0(0.0%) | 0(0.0%) | 0(0.0%)
aerogenes
K. oxytoca 2 | 2(100%) | 1(50%) | 1(50%) | 0(0.0%)
Proteus mirabilis 6 0(0.0%) | 2(33.3%) | 2(33.3%) |2(33.3%)
Proteus vulgaris 1 0(0.0%) | 0(0.0%) | 0(0.0%) | 0(0.0%)
17 21 24 17
Total (%) 62
(27.4%) | (33.9%) | (38.7%) | (27.4%)

AmpC-producing organisms can act as hidden reservoirs for ESBLS, therefore,

this case will certainly necessitate the use of a molecular diagnostic method

96

www.manaraa.com




Conclusions and Recommendations

and additionally enhancement of the clinical microbiology laboratories to so as

be able to detect an ESBL production in these organisms on aroutine basis.

TEM-type ESBLs are the first plasmid-mediated [3-lactamase that are often
found in genera of Enterobacteriaceae such as E. coli, K. pneumoniae, and
Proteus mirabilis; and also in non-Enterobacteriaceae like Ps. aeruginosa
(Shah et al., 2004). Currently, more than 170 blargy gene variants that are
resistant to inhibitors like clavulanic acid (Jacoby and Bush, 2009) that occur by
single amino acid substitutions at positions 104, 164, 238, and 240 (Bradford,
2001). Reports originated from geographically diverse locations, suggest that
local antibiotic usage and practices may play an active role in promoting the
selection of point mutations in bla tgv-type genes (Vourli et al., 2004; Wachino
et al., 2004).

In this study, a total of 17 (27.4%) GNB which carried bla 1gy genes. Of
these isolates, eight (12.9%) were Klebsiella spp. (four isolates were K.
pneumoniae subsp. rhinoscleromatis, one isolate was K. pneumoniae subsp.
pneumoniae, one isolate was K. pneumoniae subsp. ozaenae, and two isolates
were K. oxytoca), five (8.1%) were E. coli, and four (6.5%) were Ps. aeruginosa
isolates (Table 4-13 and Figure 4-10).

In previous loca studies, Hadi (2008) reported that 41.2% among E. coli
and K. pneumoniae isolated from patients with significant bacteriuriahad  bla
em genes, in Hilla Al-Asady, (2009) showed that 57.1% of E. coli K.
pneumoniae isolates carried genes of bla tgy. The result of this study is
considered higher than any other study, the study reported by Shahcheraghi et
al. (2009) (from Iran) found that the frequency of bla gy genes among the
ESBL Gram-negative isolates were 9.0%. While the present result was lower
than other studies in other parts of the world, in Germany, Svard (2007)
reported that 70% of E. coli and Klebsiella spp. had bla 1y genes, in Thailand,
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure (4-10): Ethidium bromide stained agarose gel showing PCR
amplification products with TEM primers.

Lane 1: negative control was reagent blank with no DNA.

Lane 2: 100 bp standard size reference marker (500 & 1000 bp

segment indicated as a pointed band).

Lanes: 3, NE183; 4, NP179; 5, NE121; 6, NP106; 7, NE99; 8,
NP82; 9, NP72; 10, NK74; 11, NK69; 12, NE61; 13,

NK60; 14, NP57.
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Pongpech et al. (2008) found that bla tgv genes were 78% of the confirmed
ESBL producers, and in India, Goyal et al. (2009) revea ed this gene was 54.9%

among E. coli and K. pneumoniae isolates.

SHV enzymes are the 3-lactamases that were also mainly found in GNB
(Huang et al., 2004), these enzymes possess variants because of substituted
serine instead of glycine at position 238 and lysine instead of glutamate at
position 240 (Poole, 2004). There are more than 125 SHV varieties described
worldwide (Jacoby and Bush, 2009). The SHV [(¥lactamases were the
predominant ESBL types in Europe and United States. The SHV-2, SHV-5 and

SHV-12 variants are the most common ones (Paterson et al., 2003).

By using of PCR amplification method, a bla sy, ESBL gene was detected
in 21 (33.9%) of 62 of GNB isolates, of these, seven (11.3%) were Ps.
aeruginosa, six (9.7%) were Klebsiella spp. (four isolates were K. pneumoniae
subsp. rhinoscleromatis, one isolate was K. pneumoniae subsp. ozaenae, and
one isolate was K. oxytoca, six (9.7%) were E. coli, and only two (3.2%) were
Proteus mirabilis (Table 4-13, Figure 4-11). This study showed a lower result of
bla s4v producing Gram-negative bacilli than the research of Al-Asady (2009)
in Hilla who reported that 78.6% of [3-lactamase producing E. coli and K.
pneumoniae isolates produced SHV enzymes, while Hadi (2008) in Najaf
revealed that 29.4% of confirmed of ESBL-producing E. coli and K.
pneumoniae isolates had bla g4y genes. However, in other parts of the world,
Investigators got lower results than in this study, Svard (2007) showed that 15%
of clinica isolates of E. coli are suspected to be ESBL producers and carried
SHV enzymes in Germany, Pongpech et al. (2008) in Thailand, reported that
The frequency of bla g4y genes were 8% of the confirmed ESBL producing E.
coli isolates. Shahcheraghi et al. (2009) in Iran showed that
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1 2 34 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20

Figure (4.11): Ethidium bromide stained agarose gel showing PCR

amplification products with SHV primers.

Lane 1: 100 bp standard size reference marker (500 & 1000 bp

segment indicated as a pointed band).

Lanes: 2, NK2; 3, NP8; 4, NE12; 5, NE15; 6, NK16; 7, NP20; 8,
NE26; 9, NP48; 10, NK60; 11, NE61; 12, NP63; 13,
NK64; 14, NK69; 15, NK74; 16, NK91; 17, NE99; 18,
NP106; 19, NK118.

Lane 20: negative control was reagent blank with no DNA.

100

www.manaraa.com



Conclusions and Recommendations

frequency of bla g4y genes were 22% among the ESBL Gram-negative isolates.

On the other hand, the present study is considered to be lower than other
studies in ratio of bla g4y genes in other places, for example the research of
Chiangjong (2006) showed that all of ESBL producing K. pnumoniae isolates
had SHV enzymes.

The dissemination of CTX-M and OXA genes among bacteria are
considered a novel study in this region. CTX-M-encoding genes are a more
recent family of plasmid-mediated ESBLs; some of them are part of transposons
or constitute gene cassettes in integrons (Livermore et al., 2007). The blacrx.m
gene variants show less than 40% identity to blasy, and blargy, and are hence
not closely related. The CTX-M variants ae mostly found in
Enterobacteriaceae, most prevalently in E. coli, K. pneumoniae, and Proteus
miriabilis. It is not clear why the spread of CTX-M has been more extensive
than the spread of TEM and SHV, may be beside of hydrolysis ceftazidime
antibiotic, these enzymes are initially identified by preferential hydrolysis of
cefotaxime (Bonnet, 2004). Recently, over 80 different variants of CTX-M have
been found (Jacoby and Bush, 2009). CTX-M enzymes can be classified by
amino acid sequence similarities to five magor groups of acquired CTX-M
enzymes which included plasmid-mediated enzymes. The CTX-M-1, CTX-M-
2, CTX-M-8, CTX-M-9, and CTX-M-25 groups (Bonnet, 2004).

During the study period, the blactx.v genes were detected in 24 (38.7%) of
the 62 potential ESBL-producing GNB isolates, these enzymes were the most
common among the Ps. aeruginosa (10, 16.1%), followed by E. coli (8, 12.9%),
Klebsiella spp. were (4, 6.5%) (2 isolates were K. pneumoniae subsp.
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Figure (4.12): Ethidium bromide stained agarose gel showing PCR

amplification products with CTX-M primers.

Lane 1: 100 bp standard size reference marker (500 & 1000 bp

segment indicated as a pointed band).

Lanes: 2, NK4; 3, NP8; 4, NE15; 5, NK16; 6, NE18; 7, NP20; 8,
NK24; 9, NP32; 10, NP40; 11, NP48; 12, NK64; 13,
NP82.

Lane 14: negative control was reagent blank with no DNA.
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rhinoscleromatis, 1 isolate was K. pneumoniae subsp. ozaenae, and 1 isolate
was K. oxytoca), and Proteus mirabilis (2, 3.2%) (Table 4-13, Figure 4-12).

Overadl, the spreading of the blacrx.m genes in the GNB clinical isolates
collected from Naaf and included in this study was low. Nevertheless, high
prevalence has been detected in different parts of the world such as Norway
(90%) (Tofteland et al., 2007), Slovenia (59%) (IstiniC, 2008), India (85.4%)
(Goyal et al., 2009). Low prevalence of blactxw genes has also been reported
from India, the prevalence of blactx.w genes was 15.8% among ESBL positive

Enterobacteriaceae isolates (Jemima and Verghese, 2008).

The most of OXA derivative genes are plasmid and integron located
(Poirel et al., 2001). While some OXA-type [¥lactamases are encoded by
chromosomal genes that appear to be resident in some microbial genomes such
asthose in Ps. aeruginosa (Giuliani et al., 2005). The presence of co-resistance
gene cassettes on integrons make these genetic elements useful to bacteria by
facilitating widespread dissemination through patients from a wide variety of
clinica disciplines (Poirel et al., 2002). OXA-type enzymes hydrolyse
cloxacillin and oxacillin are faster than benzylpenicillin and are generaly not
inhibited by clavulanic acid (except OXA-18 and OXA-45) (Toleman et al.,
2003). Currently, 139 OXA-type B-lactamases have been detected (Jacoby and
Bush, 2009).

Of the 62 potential ESBL-producing GNB isolates tested, the distribution
of bla oxa genes is summarized in Table (4-13) and Figure (4-13). However,
these genes were detected in 17 (27.4%) isolates, including six (9.7%)
Klebsiella spp. (five isolates were K. pneumoniae subsp. pneumoniae and one

K. pneumoniae subsp. rhinoscleromatis; while none of the K. pneumoniae
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1 2 3 4 5 6 7 8 9 10 11 12 13

Figure (4.13): Ethidium bromide stained agarose gel showing PCR

amplification products with OXA primers.

Lane 1: 100 bp standard size reference marker (500 & 1000 bp

segment indicated as a pointed band).

Lanes: 2, NP3; 3, NK4; 4, NE12; 5, NE15; 6, NE18; 7, NP20; 8,

NE25; 9, NE26; 10, NP32; 11, NK39; 12, NE45.

Lane 13: negative control was reagent blank with no DNA.
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subsp. ozaenae, K. pneumoniae subsp. aerogenes, and K. oxytoca isolates were
carried bla oxa genes), five (8.1%) E. coli, four (6.5%) Ps. aeruginosa, and only
two (3.2%) Proteus mirabilis. In contrast, lower prevaence has been reported
from Spain (3.8%) (Tenover et al., 2003), Germany (15%) (Svérd, 2007),
Malaysia (5%) (Lim et al., 2009). On the other hand, high prevalence was
detected in Slovenia (41%) (Istini¢, 2008) and in USA (40%) (Jones et al.,
2009).
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Conclusions:

The main findings of thisthesis are:

1) The maority of GNB isolates are multi-drug resistant and pose a
challenge to antibiotic therapy.

2) PCR technique is an accurate genotypic method used for detection of
ESBL genestypes.

3) Thevast mgority of GNB clinical isolates have TEM, SHV, CTX-M, and
OXA [B-lactamases which confirmed by PCR technique.

4) bla CTX-M was the most frequently B-lactamase gene detected in the
Isolates analysed.

5) Imipenem holds promise as an alternative choice of therapy for infections

caused by ESBL -producing isolates and multi-drug resistant GNB.

Recommendations:

The following recommendations are put forward based on the study
conducted:

1) There is a need of continuous surveillance of the prevalence and
antibiotic susceptibility pattern of bacterial isolates in hospitals and in the
community which should be the basis for empiric therapy.

2) Phenotypic and genotypic methods to identify the presence of an ESBL
should be carried out in al hospitals |aboratories routinely in Najaf.

3) Molecular methods, particularly PCR method, should be employed in
future work. That can discriminate and detect all variants of ESBLSs.

4) Promote patient education, which is also crucia in ensuring that the

public understands and participates in efforts to control the spread of
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antibiotic resistant bacteria, that be guidelines for improving antibiotic
use in the community and within institutional health care settings.

5) Monitoring ESBL-producing bacteria in human and animal isolates to
investigate their evolution and to analyse the factors that contribute to
their selection and spread.
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Appendix 1: Phenotypic characteristics of GNB isolated from wound and
sputum samples of patients
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