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Summary

Multidrug-resistant (MDR) Enterobacteriaceae are an emerging and a
major concern for the medical community. Reported rates of Multidrug-
resistant Enterobacteriaceae are increasing, and infections with these
organisms are no longer limited to those associated with healthcare in the
severely ill or infirm. Community-acquired infections are now described. The
purpose of this study was to investigate the role of active efflux system to
Aminoglycoside and Quinolones resistance in clinical isolates of
Enterobacteriaceae using the efflux pump inhibitor CCCP.

A total of 300 different clinical samples were collected from patients
(females 172:57.3%; males 128:42.6%) with urinary tract infection (urine),
reproductive system (swabs), patients with bacteremia (blood) and lower
respiratory tract infection (sputum) in Al-Mahaweel General Hospital, Marjan
Teaching Hospital, and private laboratories during the period from November
2022 to March 2023.

The results found that out of 300 samples 280(93%) were culture-
positive and 20(6.6%) culture-negative clinical samples. The results found that
out of 280 clinical samples, only 134 (47.85%) samples were belonged to
Enterobacteriaceae. The remaining 146 (52.14%) samples were belonged to
other types of bacteria.

After observing the cultural and morphological characteristics of the
bacterial isolates were as follows: E.coli n=94 isolates belonging to were
obtained Klebsiella. pneumoniae n=24 , Proteus.spp n=7 and
Enterobacter.spp n=9 .

The identification of all Enterobacteriaceae isolates was confirmed by
Vitek-2 automated identification system.The results of isolation of
Enterobacteriaceae revealed high percentage of E.coil 94 isolates distributed

as urinary tract infections (UTIs) (43 isolates), lower respiratory tract infection



(LRTIS) (20 isolates), (17 isolates) for Bacteremia, (14 isolates) for bacterial
vaginitis. results of isolation of K.pneumoniae 24 isolates from (UTIs) (4
isolates), (RTIs) (8 isolates), (12 isolates) for Bacteremia. Enterobacter.spp 9
isolates, from (UTIs) patients (7 isolates), (2 isolates) for Bacteremia.
Proteus.spp 7 isolates,6 from (UTIs) (1 isolate ) for Bacteremia.

Regarding age groups, the results showed that infection with E. coli
and K.pneumonieae among female more than male. However, the results
showed that infection with Enterobacter.spp and Proteus.spp among male
more than female.

The antibiotic susceptibility (AST) of all Enterobacteriaceae isolates
was performed by Vitek 2 system and also disk diffusion test (using 8
antibiotics). The results of the present study showed that in general all
Enterobacteriaceae isolates were resistant to fluoroguinolones more than
aminoglycosides.

The Antibiotic Resistance patterns (ARP) of Enterobacteriaceae isolates
was determined depended on the results of Vitek 2 system (Index-1).The
results showed that ARP of Enterobacteriaceae isolates found that out of 134
isolates, 61 were sensitive and 73 showed different antibiotic resistance patterns
as follows: 48 were multidrug resistant, 17 were extensive drug resistance, and

8 were pandrug resistant.

In this study, ogxAB genes were detected in selected clinical isolates of
Multidrug resistant, extensive drug resistance and pandrug resistant
Enterobacteriaceae. The selected isolates were as follows: 12 XDR E. coli
isolates ,one PDR K. pneumoniae , and one MDR Enterobacter spp. isolate.
Analysis of PCR results showed that 6 (42.8%) out of 14 isolates were positive
for ogxA gene, and 8 (57.1%) of the isolates were negative for ogqxA gene,

Howerver, no isolates showed positive results for the ogxB gene.



In order to confirm the effective role of the efflux pump in our isolates,
the MICs of 3 antibiotics were compared with and without the efflux pump
inhibitor (CCCP). The results of MIC for 14 Enterobactriecae isolates against
these three antibiotics showed that all isolates had MIC >128 pg/mL in the
absence of CCCP for Levofloxacin, Ciprofloxacin, and Gentamycin. The
results showed the MIC of Levofloxacin and Ciprofloxacin were reduced for
Isolates, and the growth of bacteria was inhibited in presence the inhibitor
(CCCP). However,all Enterobacteriaceae isolates showed high MIC values (>
128) even in the presence of the CCCP which indicates no effect the inhibitor

in reducing the MIC of the isolates for Gentamycin.
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Chapter One Introduction and Literature Review

1.1 Introduction

Members of the family Enterobacteriaceae are responsible for a wide
variety of nosocomial and community-acquired infections which were
significantly associated with the increasing hazard of death and excess length
of stay and costs, certain strains of Enterobacteriaceae have developed
resistance to many commonly used antibiotics, and multidrug resistance is
often the cause of antibiotic treatment failure (Wang et al., 2022).

One of the antibiotic resistance mechanism Decreased drug
accumulation due to adventitial membrane impermeability or overexpression
of active efflux pumps. (Smithers et al., 2021).

The efflux system consists of transporters that pump various toxic
substrates, such as antibiotics and bactericides, from bacteria in an energy-
dependent manner. In these cases, the intracellular concentration of the
antibiotic decreases and the bacteria become less sensitive to the compound.
Avakh et al., 2023).

Strains overexpressing efflux pumps typically have antibiotic minimum
inhibitory concentrations (MICs) two to eight times higher than susceptible
strains of the species.

To study the role of drug efflux mechanisms in bacteria, efflux pump
inhibitors (EPIs) are often used to completely block the efflux of various
molecules .(Nguyen et al., 2023).

One such compound is carbonyl cyanide 3-chlorophenylhydrazone
(CCCP), an oxidative phosphorylation uncoupler that disrupts the proton
gradient of membranes, This has often been found to increase the
susceptibility of many multidrug-resistant bacteria, including members of the
family Enterobacteriaceae. ( Meka 2023; Roy 2023).
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Aim of the study:

The aim of this study was to investigate the role of active efflux system
to Aminoglycoside and Quinolones resistance in clinical isolates of
Enterobacteriaceae using the efflux pump inhibitor CCCP.

Objective of the study:

To achieve this aim, the following objectives should be followed:

1. Isolation and identification of Enterobacteriaceae from different clinical
samples.

2. Determination of antibiotic susceptibility (AST) and antibiotic resistance
patterns of the Enterobacteriaceae isolates using disk diffusion test (DDT),
and Vitek 2 system.

3. Phenotypic detection the presence of efflux mechanism using CCCP in
Aminoglycoside and Quinolones resistant Enterobacteriaceae isolates.

4. Genotypic detection of and prevalence of ogxA and ogxB genes of efflux
pumps among MDR Enterobacteriaceae isolates.

5- Effect of the inhibitor CCCP in reducing the MIC of antibiotics for

Enterobacteriaceae isolates.
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1.2 Literature Review

1.2.1 Enterobacteriaceae

The enteric family includes a large variety of bacterial species that live
in the intestines of humans and animals naturally and its members are rod-
shaped, Gram-negative, aerobic, or facultative aerobic anaerobic, and its
members can cause many diseases in humans and animals, including wound
infections and hospital-acquired infections and nosocomial infections,
respiratory infections, urinary tract infections, and reproductive tract
infections (Oliveira et al., 2017). It has different virulence factors as toxins ¢
enzymes also ferment a wide variety of carbohydrates, most of which are
fermented into the sugar lactose. and has the ability to reduce nitrate to nitrite
for energy production, non-spore, optimum temperature for its growth ( Nasiru
et al.,2022).

The natural habitat, human and animal intestines, including the family
Many pathogenic genera, the most important of which are Shigella
Salmonella, Klebsiella, and others, and some of them It is a natural flora such
as E. coli ( Dinev et al.,2023).

All have small Straight or curved, up to 1.5 pm in width. Some are
immobile, while others are active and have peri-flagellates. Catalase (+) and
Oxidase (-). Enterobacteriaceae are always oxidase (-) and are therefore
distinct from oxidase (+) bacteria such as Pseudomonas, Aeromonas, Vibrio,
Flavobacterium, Cardiobacterium. Species with similar morphology.

The best known is Escherichia coli, a unique member of the normal gut
flora of mammals and an important pathogen of intestinal and urinary tract
infections (Pakbin et al., 2021).

They all have a lipopolysaccharide (LPS) outer membrane, which is

responsible for some of the disease-causing symptoms. Toxic properties are

3
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often associated with a portion of this LPS layer. This region of LPS is called
endotoxin. Binds to cells and is only released upon cell lysis (Gourama, 2020;
Paracini et al.,2022).

1.2.2 Antigenic properties of the Enterobacteriaceae
This group of organisms has a complex antigenic structure, and the

strains are differentiated in their seropositive behaviour.

1.2.2.1 O Antigen: a somatic antigen. Heat stable antigen. O antigens
are lipopolysaccharides and are found in the cell wall of most Gram-
negative bacilli. With sera containing anti-O antibodies, these antigens
accumulate slowly in granular clumps. Antibodies to O antigens are

mostly IgM( Svennerholm et al., 2022) .

1.2.2.2 H antigen: Flagellar antigen: This antigen is thermostable and
can be inactivated by heating above 60 °C. With sera containing anti-H
antibodies, these antigens build up rapidly. Within a single species of
Salmonella, flagellate antigens may occur in either or both forms,
termed phase | and phase Il. An organism tends to change from one
stage to another; This is called a phase change. H antigen antibodies
are mostly IgG (Sundaresan, and Rathinavelan, 2023; Saeed et al.,
2022).

1.2.2.3 “Vi” antigen: (K) capsule antigens located in the extremity of
bacteria. The agglutination of freshly isolated strains is often interfered
with by sera containing mainly O agglutinins. VI antigens are destroyed
by heating for 1 hour at 60 °C (Farmer 2022; Ghaderinia et al., 2022).
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1.2.3 Genera of Enterobacteriaceae
1.2.3.1 Escherichia coli

Escherichia coli grows as a normal flora in the gastrointestinal tract and
IS considered an opportunistic pathogen because it can cause diarrhoea, in
which case it can be called E. coli. It is responsible for approximately 90% of
urinary tract infections in young women (Chahal, and Chaurasia, 2021).

Bacteria were first discovered by Theodore Eschrich , in 1885. They
were coli, or "coli bacteria In 1894, it was isolated from the feces of healthy
infants and deemed non-pathogenic (Farré-Maduell, and Casals-Pascual,
2019). and certain species of Escherichia coli was the leading cause of

diarrhea among infants (Gomes, et al., 2016).

1.2.3.1.1 Characteristics of Escherichia .coli

A rod-shaped, non-spore, Gram-negative bacterium that wields a
flagellum moves around. coli colonies are generally convex and have a
smooth surface. on MacConkey agar, colonies appear flat, dry and pink as
they appear to have a colored ‘gloss' on Eosin Methylene Blue (EMB) agar.
Escherichia coli O157:H7 can be distinguished from other E. coli serotypes
using MacConkey's sorbitol (Ahmed, 2021).

Since O157:H7, unlike other serotypes, sorbitol cannot be fermented.
coli H2S strains are not produced in ferric triglyceride agar. Most strains are
capable of producing the enzyme B-glucuronidase. The optimum temperature
for growth is 36-37°C and pH 4.4-9 is suitable for growth. Bacteria give a
negative result for oxidase, urease, and nitrite tests with a positive result for
the catalase test, and for the indole test, most strains give a positive result
(Verma etal ., 2022).
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1.2.3.1.2 Epidemiology of Escherichia coli

Escherichia coli is the most important family of intestinal bacteria that
are able to invade the intestine and live in it as a normal flora. Some
Escherichic strains are opportunistic - they can transform into pathogens when
conditions or opportunities are met (Holland et al., 2020; Bonten et al.,
2021)

According to the Centers for Disease Control and Prevention (CDC), the
most recent E. coli outbreak occurred on March 11, 2021, resulting in a total
of 22 deaths and recent examination of E. coli outbreaks in recent years. The
number of outbreaks per year has increased in the past several years.

The infection rate varies from person to person and environment to
environment depending on health conditions and geographical location. The
presence of closely related UPEC clusters is responsible for a large number of
urinary tract infections regardless of antibiotic resistance. The bacteria mostly
affects humans in the age group of 30 to 39 years, and the infection rate is
higher in women than in men. ( Oztiirk et al., 2020; Harahap et al., 2021; A.it-
Mimoune et al., 2022).

1.2.3.2 Klebsiella

The genus Klebsiella belongs to the Enterobacteriaceae family, and this
bacterium was isolated for the first time before Friedlander was diagnosed
with pneumonia in 1882.

And | knew a reason epidemic and endemic infections in hospitals
during the fifties of the last century, these bacteria grow at a temperature
of (12-43 )C°, and the optimum temperature for their growth is about (37)
C°, and they are killed at the temperature of (55 C) for half an hour.

These bacteria are widely distributed in nature and isolated from
different habitats such as parts of human body, animals, sewage, soil, lakes,

salt water, fresh water, In general, they are opportunistic pathogens for

6
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humans and animals (Russo et al., 2023; Bitar, 2016; Jamshaid et al., 2021,
Cholewinska et al., 2022).
1.2.3.2.1 Classification of Klebsiella

Klebsiella bacteria have been classified according to different
classification systems, including: Cowan, Orskov, Bascomb and the name
varies from country to country, as it is called Klebsiella.pneumoniae in the
United States according to the Orskov classification, and is called Klebsiella
aerogenes in Britain, which prefers the Cowan classification, but most
European countries follow Orskov's classification is the dominant one
worldwide (Priyanka et al.,2020).

1.2.3.2.2 Pathogenicity of Klebsiella pneumoniae

Klebsiella. pneumoniae is the second cause of bacteremia and fatal
sepsis (septicemia) in children and children Newborns, and acute diseases,
especially in people who suffer from organ weakness immune system due to
diabetes mellitus, chronic heart disease, and pulmonary vasoconstriction,
especially in Elderly people and newborns, and most K.pneumoniae
infections are in hospitals ,Mortality is high if not treated properly (Bazaid et
al.,2022).

Infections of the middle ear and infections of the soft mucous
membranes This bacteria also causes Nose necrosis and lung infections
(Hidayat et al., 2022).

Klebsiella. pneumoniae is an opportunistic pathogen that accompanies
people with Immune suppression disease and those suffering from various
urinary tract infections Pyogenic Liver ( Arato et al., 2021).

And also caused abscesses, and that 60-80% of K. pneumoniae. isolates
causing this disease contain K2 capsular type contains 10-14% of them and
K1 capsular type contains 10-14% of them ( Raj et al., 2022).
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1.2.3.2.3 Epidemiology of Klebsiella pneumoniae

These bacteria are widely spread in nature, as they have two types of
common habitats, the first habitat represents the environment, as it flows into
surface water, sewage, soil, and on the surfaces of fruits , cereals and
vegetables (Zhu et al., 2022). and the other habitat is environment hospitals
and mucosal surfaces in breast milk, and the intestine is the most important
place for the availability of these bacteria in a form natural (Ndlovu et al.,
2023).

There are three ways to get infected with Klebsiella pneumoniae
,through contact between patients and people and the environment around
them, or through the air through Patients spray, or by swallowing the bacteria
with contaminated food and drinks in the hospital ( Hussain et al., 2022).

The widespread use of broad-spectrum antibiotics on an irregular basis
has led to the emergence of Strains of Klebsiella bacteria have multiple
antibiotic resistances, and one of the reasons may be: They produce broad-
spectrum beta-lactamase enzymes ( Sarshar et al., 2021).

Statistics show that Klebsiella bacteria cause 3% of epidemic diseases.

,bacteremia cases of 14% of bacteria ( Schwaber et al., 2022).

1.2 3.3 Proteus spp.

This bacteria belongs to the intestinal family (Girlich et al., 2020) and
spread in the feces and soils, and is present in the intestines of a human being
characterized by its well-known creeping movement. The Swarming
phenomenon, which is considered the most important characteristic of it, is
positive for catalys and negative for examination, and it is not fermented for
the sugar of lactose, and its colony is characterized by a pale color on the
center of the maconkey and is productive. For H2S, it is positive and appears
in different shapes, such as the stringed shape, with active movement, or it has

spherical bacilli, and has a distinct edge on the solid medium, due to the
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movement of anthial. On urea analysis to CO2 and ammonia ( El-Tarabili et
al., 2022; Al-Obaidi and Mohammed, 2022; Saleh et al., 2019).

Proteus is the third type that causes hospital infections, including
adverse factors, including hemo lysine, ures, and bacterosin, and the
movement of adhesives and adhesion factors, which help it stick to robbery.
Proteus is one of the most important types that cause common urinary

tract infections that are related to the linear and are formed ( Funjan 2021).

1.2.3.3.1 Pathogenesis of Proteus spp.

After Escherichia coli, proteus spp. is the most common cause of UTIs
especially the young and the elderly of both sexes. The capricious types were
too he recovered from infected wounds, abscesses, from cases of otitis
media, meningitis and septicemia, osteomyelitis, and focal lesions of diabetic
patients (Khalily et al., 2022; Isaac, 2019).Proteolytic species produce
urease, which leads to rapid hydrolysis of urea with liberation mmonia and
carbon dioxide, and therefore in urinary tract infections with protein becomes
urine alkaline, promotes stone formation.The rapid movement of these
bacteria may Contribute ontribute to the invasion of the urinary tract.

P.vulgaris is an important hospital Pathogens (Agarwal and Radera, (2019).

1.2.4 Antibiotics

They are chemical compounds produced by microorganisms that are
effective against antimicrobials .Others Kkill bacteria and inhibit their
growth, but do not affect host cells (Koch et al., 2021). Antibiotics have been
used with great success to control most of the epidemics, and other infectious
diseases. Antibiotics can be classified according to their effect on living
organisms, (Shoeb et al., , 2023).

Among the most important antibacterials used at the present time are
penicillins, sulfonamides, tetracyclines, aminoglycosides, chloramphenicol,
and first- and second-generation cephalosporins.

9
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It depends on its mechanism of action or its chemical composition
depending antibiotics can also be divided the cell wall is the place of action
of the antagonist, an example of which is penicillin, and some of which have
action on cell membrane as polymyxins antagonists, and others that inhibit
protein making, including tetracycline  Aminoglycosides, while anticoniolone
inhibits DNA synthesis (Hu et al., 2022).

1.2.4.1 Aminoglycosides

Aminoglycosides are a group of antibiotics used to treat a wide
spectrum of bacterial infection (Dagur et al.,2023) . The therapeutic mode of
action of aminoglycoside antibiotics is that they bind to RNA, namely the
16 S RNA of ribosomes, and thereby hinder translation. The binding motif at
the RNA side is a stem-loop structure (Rubio et al., 2022) they were shown to
be transported:
1-by a few narrow spectrum efflux pumps of the MFS superfamily, who also
transport sugars .
2-wide spectrum efflux pumps of the RND superfamily, such the AcrAD-
TolC pump of E. coli or the MexXY-OprM pump of P. aeruginosa (Sionov et
al.,2022).

The spectrum of activity of AGs includes Gram-negative bacteria,
mycobacteria ,staphylococci, and leptospira. They have poor efficacy against
anaerobic bacteria, streptococci, and intracellular bacteria. streptococci and
Enterococci generally show a degree of intrinsic resistance to AGs due to
impermeability of their cell wall, but penetration into the bacterial cell can be
enhance by other antimicrobials which inhibit cell wall synthesis such as the
beta -lactam antibiotics. Therefore, AGs are often used in combination with
beta-lactams.

This combination also broade spectrum of activity (Dagur et al., 2023).

Serio show AMEs are composed of three classes that render aminoglycosides
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inactive  via  (acetylation acetyltransferases; AAC), (adenylation
nucleotidyltransferases; ANT), or phosphorylation (phosphotransferases;
APH). The genes encoding these enzymes are frequently found on mobile
elements (i.e., plasmids or transposons) that encode other antibiotic resistance
genes, such as extended-spectrum p-lactamases (ESBLs) and carbapenemases,
and thus are often found in MDR Gram-positive and Gram-negative bacteria
(Yuetal., 2022; Abdul-Mutakabbir et al., 2019).

Gentamicin and tobramycin are the major aminoglycosides; they have
an extended spec-trum, which includes Enterobacteriaceae, and of particular
importance, P aeruginosa. They are sometimes beneficial in treating serious
infections caused by gram-positive pathogens such as S aureus and
enterococci, but only when combined with other drugs. Streptomycin and
amikacin are now primarily used in combination with other antimicrobial
agents in the therapy of tuberculosis and other mycobacterial
diseases.Neomycin, the most toxic amino-glycoside, is used in topical
preparations and as an oral preparation before certain types of intestinal
surgery, because it is poorly absorbed ( Laxson, 2022; Nye et al., 2022; Cohen
et al.,2020).

1.2.4.2 Fluoroquinolones

Fluoroquinolones are a class of widely prescribed antibiotics with a
broad range of activity against Gram-positive, Gram-negative, and some
atypical microbes ,The antibacterial mechanism of action involves
disruption of the catalytic mechanism of type-Il topoisomerases in bacteria,
namely topoisomerase IV and DNA gyrase. Fluoroquinolones inhibit the
ability of the enzymes to ligate cleaved DNA and result in single and double-
stranded DNA breaks (Fief et al.,2019), Two main mechanisms of resistance
described: (i) point mutations in the so-called quinolone resistance-

determining region (QRDR) of the gyrA gene parC genes (Bhatnagar et
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al.,2019 ) and (ii) nonspecific, low-level resistance by modified or alter
expression of the OmpF protein, resulting in decreased uptake of antimicrobial
substances (Vergalli et al.,2020) ) In the past, quinolones resistance was
believed to be mediated by bacterial chromosomal mutations till 1998 when
the researchers discovered plasmid mediated genes in K. pneumoniae, named
«qnr» encoding to pentapeptide repeat family which play a role in binding and
protecting DNA gyrase, and topoisomerase IV from repression by
ciprofloxacin, Then four major groups of gnr genes (gnrAgnrBgnrC and gnrS)
and two plasmid- mediated quinolones resistance (PMQR) genes aac(6')-1b-
cr and another gepA encoding various aminoglycoside transferases that
modify ciprofloxacin to facilitate an efflux pump protein were identified (
Kareem et al.,2021).

PMQR genes are often on the same plasmid as the ESBL genes.
Resistance plasmids with genes encoding ESBLs can be transferred by the
conjugation that helps dissemination of PMQR determinants in different
Enterobacteriaceae species. Due to MDR establishment, co-existence of
ESBLs and PMQR genes are a major concern (Azargun et al.,2018) .

Also note the high prevalence of fluoroquinolone (levofloxacin) non-
susceptibility in community-associated MRSA isolates in the US in recent
years (Sader et al., 2016) resistance to fluoroquinolones in E. coli had the
strongest association with septicemia hospitalization rates in adults aged 50-
64y, 65-74y, 75-84y, and 85+y. E. coli is a major source of Gram-negative
septicemia in the US (Moftian et al.,2023 ), and prevalence of fluoroquinolone
resistance in E. coli isolates in both urinary tract and bloodstream infections in
the US is high ( Mills et al.,2022).

12
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1.2.5 Multidrug-resistant (MDR) bacteria

Multi-Drug Resistance (MDR)Pathogenic organisms have mechanisms
of resistance to combat the harmful effect of many classes of antimicrobials.
MDR is defined as the resistance of pathogenic organisms to one or more
antimicrobial agents.Many health organizations such as the WorldHealth
Organization (WHO), the Centers for Disease Control and Prevention (CDC)
and the European Centre for Disease Prevention and Control (ECDC) have
warned that MDR bacterial infections are becoming difficult and costly to
treat using expensive medications, andrequire prolonged treatment regimens
(Alenazy, 2022).

One of the most effective mechanisms that confer MDR to bacteria is
multi-drug efflux pumps, which prevent the accumulation of antibiotics inside
the cell, thereby reducing their concentration to subtoxic levels. Many
countries are facing an increased incidence of infections resulting from MDR
Gram-negative bacteria, where these organisms caused 80% of all serious
bacterial infections ( Abalkhail et al ., 2022; Mitiku et al., 2022; Samreen et
al., 2019).

In 2017, the  WHO revised its list of MDR pathogens in need of
urgent attention. This list indicated that the most critical pathogens are Gram-
negative bacteria, such as Acinetobacter baumannii, Pseudomonas aeruginosa
and Enterobacteriaceae, to which which E. coli belongs .There are several
iIssues that underlie the serious danger posed by the emergence of MDR
bacteria. First, and most importantly, results are skewed in patients infected
with MDR bacterial be worse compared to patients with more susceptible
organisms( Cilléniz et al.,2019).

In this way, Secondly, huge additional costs are associated with these
infections. In the United States, the annual additional costs associated with
the infections it causes resistant organisms compared to susceptible organisms
are estimated at between $21 billion and 34 billion dollars 1Third, the
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prevalence of MDR bacteria is closely related to use of broad-spectrum
antibiotics, both for experimental and definitive therapy . this Increased use in
turn leads to higher rates of MDR bacteria, leading to virulent formation turn.

Typically, MDR bacteria are associated with nosocomial infections.
However, some MDR bacteria have become very common causes of
community-acquired infections. This an important development as the
prevalence of MDR bacteria in the community leads to a significant increase
in population at risk, and thus an increase in the number of injuries caused
by MDR bacteria. In addition, when a specific resistance pattern occurs in
bacteria causing a community acquired infection that exceeds a certain
threshold, broader spectrum antibacterial and/or combination antibacterial
therapy is indicated for trial treatment of community acquired infections. In
this review, we will identify trends in and epidemiology of community spread
of different MDR bacteria.

Multidrug resistant (MDR) bacteria are well-recognized to be one of the
most important current public health problems. The Infectious Diseases
Society of America (IDSA) recognizes antimicrobial resistance as "one of the
greatest threats to human health Worldwide" . (Rippon et al .,2021; Song et
al., 2020; Martin-Loeches et al., 2018; Van Duin et al., 2016).

1.2.6 Mechanisms of Antibiotic Resistance and Multidrug

Resistance
Mechanisms of antibiotic resistance in pathogenic bacteria confer

resistance to MDR to strongly different classes of antibiotics. This is because
antibiotics are composed of different classes of chemicals, bacteria possess
structures with different mechanisms of action and defense mechanisms,
and these differ in their modes of action.

Mechanisms include inactivation of antibiotics, modification/alteration
of drug targets to prevent entry of antibiotics, and a drug efflux pump ( Zhang

et al., 2021;; Mone et al.,2021 Liu et al., 2019). Drug efflux pumps are
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important in medicine because of their efficient function in ejecting a variety
of different chemical structures unrelated to the use of antibiotics or
antimicrobials up to the concentrations needed to kill bacteria that are multi-
resistant to more than one antibiotic or antiseptic (Farhat and Khan, 2022).
Bacteria function in the presence of specific external risks, in particular
multiple antibiotic mechanisms that simultaneously compensate and secure
these risks.for example, Enterobacteriaceae often use efflux pumps to dispose
of antibiotics, but under certain conditions they use a different mechanism

such as modulating drug targets (Dhanda et al., 2023).
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Figure 1_2: Mechanisms of MDR

1.2.7 Efflux Pumps

Efflux pumps are membrane proteins involved in the export of noxious
substances from the bacterial cell interior to the external environment . efflux
proteins are found in both Gram-negative and Gram-positive bacteria as well

as in eukaryotic organisms.
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1.2.7.1 Efflux pump Families.

They were the five major families of efflux transporters: the resistance-
nodulation-division (RND) family,the small multidrug resistance (SMR)
family, the major facilitator superfamily (MFS), the multidrug and toxic
compound extrusion (MATE) family and the adenosine triphosphate (ATP)-
binding cassette ( ABC) superfamily ( Mahapatr et al.,2022).
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Figurel 3: Efflux pump types (RND), (SMR), (MFS), (MATE) and (ABC) (Blanco
etal.,2016).

1.2.7.1.1 major facilitator superfamily(MFS)EffluxPumps

The major transporters of the facilitators form a superfamily consisting
of a number of subfamilies; Among these subfamilies, polysaccharides and
drug transporters are by far the most numerous. MFS transporters typically
consist of about 400 amino acids hypothetically arranged into 12
transmembrane-spanning helices, with a large cytoplasmic loop between
helices six and seven (Henderson et al., 2021) The MFS family of drug
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transporters consists of two domains centered around the central pore and two
transposon domains Conformations from the cytoplasm to the peripheral side
of the membrane in response to a Na+ or H+ ion gradient. MFS consists of
membrane transport proteins present in bacteria to higher eukaryotes and
involved in uniport, symport and antiport, from various substrates such as
Krebs cycle intermediates, phosphate esters, oligosaccharides and antibiotics .
into -12-helix and subfamilies 14-helix (eg, TetA(B) and TetA(K), class Il
and class K tetracycline transporters from E. coli and S. aureus respectively
(Al-Dahmoshi et al., 2022).

1.2.7.1.2 Small Multidrug Resistance (SMR) Efflux Pumps

Small multidrug resistance transporters (SMR) system provide to study
the minimal requirements for active transport (Kermani et al.,2022). They are
also the small multidrug transporters, with four trans-membrane helices and
no significant extra membrane domain, although they function as dimers the
minimum functional unit is a bundle of eight a-helices (Alav et al., 2021)
SMR transporter exports a broad class of polyaromatic cation substrates, thus
Confer resistance to drug compounds matching this chemical description.
Genes encoding SMR proteins (variously annotated emrE, sugE, smr, gac,
ebr) are frequently found in mobile drug resistance gene arrays, and provide a
broad selective advantage Dby conferring resistance to ubiquitous
environmental pollutants with low-grade toxicity to microbes (Kermani et
al.,2020) . MDR efflux pumps can contribute to the phenotype of antibiotic
resistance at different levels, depending on the expression level. Intrinsic
resistance: Some MDR efflux pumps, such as P. aeruginosa MexAB-OprN
(Singh et al.,2020) or E.coli AcrAB-TolC .Acquired resistance: De-repression
of the expression of the efflux pumps can be achieved by mutation at the
regulatory  proteins, rendering stable acquired resistance (Gil-Gil et al.,

2023) In addition , multidrug efflux pumps display different functions with
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relevance to bacterial adaptation]n to different habitats. Some of these
functions, such as resistance to biocides, heavy metals, resemble antibiotic
resistance, since they are adaptive responses to avriety types of external
injuries, others are related to interna detoxification of intermediate toxic
bacterial metabolites. In add , some efflux pumps are include antimicrobial
or even interkingdom signalling. Among the latter, it is important to mention
that different efflux pumps are include in bacterial virulence, in both plant
and animal hosts. Currently available information support the notion that,
besides contribute to the antibiotic resistance, multidrug efflux pumps display
a variety of functions with relevance to bacterial behaviour in different
ecosystem (Scoffone et al., 2021; Gaurav et al., 2023; Pasqua et al., 2021).

1.2.7.1.3 ATP-binding Efflux pumps(ABC)

ATP-binding cassette (ABC) transporters are present in all cells of all
organisms and utilize the energy of ATP binding/hydrolysis to transport
substrates across cell membranes (Jones, & George, (2023). Typically, they
are specific for a given ligand that can be an inorganic ion, amino acid, sugar,
polypeptide, or any one of a number of other classes of molecule.Mammalian
P-glycoprotein (ABCBL1) is one of the best characterized ABC transporters
and overexpressed confer resistance of cancer cells to a variety of
chemotherapeutic drugs such as doxorubicin, taxol (Liu, 2019). Two
cytoplasmic, nucleotide-binding domains (NBDs) bind and hydrolyse ATP
and share a common protein fold distinct from that of other ATP-binding
proteins.Two transmembrane domains (TMDs) each consist of multiple
(generally six) membrane spanning o-helices and form the pathway through

which substrates Cross the membrane (Srikant, 2020).
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1.2.7.1.4 Resistance Nodulation Division Efflux Pumps (RND)

Transporters of the RND family are limited to Gram-negative bacteria
and play central roles in multidrug export, Valencia further subdivided the
HME-RND proteins into sub-groups, according to the substrate they transport:
HME1 (Zn2+, Co2+, Cd2+), HME2 (Co2+, Ni2+), HME3a (divalent cations),
HME3b (monovalent cations), HME4 (Cu+ ou Ag+) and HME5 (Ni2+)(
Valencia et al.,2013).In Gram-negative bacteria, the resistance-nodulation-
cell-division (RND) solute transporter superfamily consists of a broad
periplasmic domain that assembles with periplasmic fusion proteins and an
outer membrane pore to form a complete tripartite channel from the inner
cytoplasm past the outer membrane (Alenazy, (2022); Sagar et al.,
2019).Since this system fully extrudes harmful substances from the bacterial
cell, this family of membrane proteins is an efficient mechanism for

membrane transport through proton antiport.

The AcrAB-TolC system of E.coli is the most well-known RND efflux
pump(Sagar et al., 2019) . RND type multidrug transporters also export the
broadest range of compounds of any known multidrug efflux system,
including a variety of antibiotics (for example, ciprofloxacin,
chloramphenicol,carbenicillin, and tetracycline), dyes (such as ethidium
bromide), detergents (such as sodium dodecylsulfate), disinfectants (such as
triclosan), organic solvents (such as pxylene), toxic lipids, and metabolic
inhibitors (Chopra, B., & Dhingra, A. K. 2021).
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1.2.7.1.5 Multidrug and Toxic Extrusion (MATE) Efflux Pumps

Export of substrates and toxins by the cell is a fundamental life process and

members of the MATE family represent the last class of multidrug resistance
(MDR) transporters to be structurally characterized. MATE transporters
involved a variety of important biological functions across all kingdoms of life
(Upadhyay et al., 2019). MATE transporters are very similar in size to the
MFS transporters and are typically composed of approx. 450 amino acids
which are putatively arranged into 12 helices however, they do not have any
sequence similarity to members of the MFS transporters (Al-Dahmoshi et al.,
2022). Another MATE transporter, YdhE from E. coli, also has been
characterized and shown confer resistance to the cationic antimicrobials
(Kumawat et al. 2023) Latest investigation reveal that bacterial MATE
transporters function as antiobiotic efflux pumps and confer resistance to
tigecycline, a new glycylcycline class antibiotic developed to overcome
methicillian-resistant and vancomycin-resistant S. aureus (Seukep et al.,
2022) also These proteins mediate resistance to hydrophilic compounds, dyes,
aminoglycosides and  fluoroquinolones.  Norfloxacin  accumulation
experiments appeared that Vibrio parahaemolyticus consist an energy

dependent efflux system designated (Sharma et al., 2023).

1.2.8 Efflux pumpes types
1.2.8.1 AcrAB-TolC efflux pump

AcrAB-TolC, one of the efflux pumps, primarily expressed in Escherichia
coli, consists of the outer membrane protein TolC, the inner membrane
transporter AcrB, and the periplasmic adapter protein AcrA (Fanelli et al.,
2023).The efflux pump is an intrinsic mechanism of multidrug resistance in
Gram-negative bacteria (Zwama, M., & Nishino, K. (2021) AcrA, a highly

elongated protein, is thought to bring the outer and inner membranes closer.
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It consists of a reactant breaker with monomeric AcrB, which was shown by
in vitro reconstitution to be protonated (Compagne et al., 2023). Purified
TolC is in a closed state, but TolC is open in the purified AcrAB-TolC
complex in the presence of antibiotics or inhibitors. In the absence of ligands,
the TolC-locked complex can only be achieved using the disulfide-engineered
AcrA-AcrB crosslinking pump . The AcrAB system is primarily expressed in
E. coli, and is largely responsible for the property Autoimmune resistance of
this organism to dyes, detergents and most lipophilic antibiotics (Roy et al.,
2023; Shi et al.,2019).

1.2.8.2 ACRD Efflux Pumps

AcrD is a component of the efflux pump that mediates the export of
aminoglycosides and a few amphipathic compounds such as sodium dodecyl
sulfate (SDS), deoxycholate and novobiocin, AcrA is a peripheral fusion
protein that also jointly exports aminoglycosides with the cytoplasmic protein
AcrD . The biofilm proteins encoded by csgBD, and the efflux pump AcrD
have an effect on biofilm formation, and appear to play a special biological
function, according to the findings (Guerin et al., 2023; Al-Dahmoshi et al.,
2022).The copies showed significant changes supporting this theory. The
transcripts of the acrD mutant were compared with that of the acrB mutant, in
which a previously released AcrD is not a 'backup' efflux pump, but performs
a physiological function in the cell, as evidenced by the fact that the effect was
quite distinct ( Buckner et al., 2016).This comparison found 232 major
changes in gene expression that were caused only by ACRD inactivation and
not by acrB inactivation. Each of the acrB and acrD mutant transcripts
contained 169 genes that were differentially expressed compared to the acrB
mutant transcript. Experiments have shown that AcrB and AcrD efflux pumps
have different substrate profiles when aminoglycoside antibiotics are indicated
(Alav et al., 2021; Wojcicki et al., 2021).
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1.2.8.3 EmrAB-TolC efflux pump

EmrAB components in Escherichia coli were first identified more than

decade ago, resistance to hydrophobic toxins such as carbonyl cyanide m-
chlorophenyl-hydrazone (CCCP) was discovered more than a decade ago (Al-
Dahmoshi et al., 2022). EmrB is a transmembrane protein with 14 proposed
TM domains and homology to MFS vectors, according to preliminary
sequence analyses, whereas EmrA has a broad soluble C-terminal domain
with a single N-terminal TM domain and homology to MFP, HIyD. EmrAB,
together with the outer membrane channel TolC, is thought to form a ternary
efflux mechanism dependent on homology with the HIyBD TolC system
(Henderson et al., 2021), and these complexes efficiently pump material out of
the cell . Other components of TolC-dependent ternary efflux systems are an
endomembrane-associated transporter, such as the RND AcrB family
transporter or the major superfamily (MFS) transporter EmrB, both catalyzed
by H influx, or the ABCuperfamily MacB transporter, which is driven by ATP
hydrolysis . a TolC-dependent efflux mechanism is responsible for the export
of intracellular metabolites such as enterobactin, porphyrin, and excess

cysteine, as well as the expulsion of toxic compounds (Guest, 2017).

1.2.8.4 MacBA-TolC efflux Pump

In Gram-negative bacteria , such as Escherichia.coli, a MacA-MacB-
TolC pump has been detected (Okada, & Murakami, 2023) .The MacB
endomembrane transporter is a non-inclusive member of the ATP-binding
cassette (ABC) family (Okada, & Murakami, 2022). and biochemical analyzes
revealed that it forms a homodimer. Only the 14- and 15-membered
macrolide antibiotics can be transported by MacB (Varela et al., 2021). Under
normal laboratory conditions, it was difficult to detect their function in
antibiotic resistance. In the AcrAB macrolide-sensitive E. coli strain, only

overexpression of MacAB might increase resistance to macrolide antibiotics.

22



Chapter One Introduction and Literature Review

On the other hand, MacAB has been recently linked to the secretion of
heat-stable enterotoxin E. s, expected to share structural similarities with AcrA
(44%) (Okada, U., & Murakami, S. 2023).The periplasmic near-membrane
domain of MacA is required for MacA interactions and this MacB. By
modulating MacA transmembrane near-domain formation and disrupting
proper assembly of the MacA-MacB complex, a single G353A substitution
in this domain impairs MacAB-TolC function (Alav, et al ., 2022).

1.2.9 Efflux pump inhibitors (EPIs)

Efflux pump inhibitors can be divided into three categories according to
its source of derivation: Plant derivatives, which are primary resources;
chemical derivatives; and derivatives from microorganisms .

EPIs can also be defined as inhibiting drug efflux pump prevents
build-up of antibiotics needed to kill bacteria and reduce MDR resistance
and reversal ( Konwar et al., 2022). In AcrAB-TolC, the subrequired shifting
is performed using the previously described functional rotation mechanism,
which is required all protein subunits work together. Small molecule inhibitors
for you proteins in the AcrB homotrimer lead to inactivation of the entire
AcrAB-TolC pump ( Alenazy, 2022).

Small molecules that stop these multidrug efflux systems from working
may be able to do just that administered as an "adjuvant or chemosensitizer"
in addition to existing antibiotic therapy to improve its effectiveness (Douafer
et al., 2019).

Research is currently underway to investigate this approach to fighting
MDR is particularly problematic due to the lack of new antibiotics in the
pipeline for Gram-negative bacterial infections . However, EPIs have not yet
reached clinical application due to reasons such as high toxicity and poor
pharmacology, no research was carried out.This makes finding the

development of new EPIs that are safer and more effective is an important
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priority . Efflux pump inhibitors are classified as compounds that inhibit the
activity of efflux pumps in a non-competitive manner with substrates.
There are a series of efflux pump inhibitors such as natural and synthetic
efflux pump inhibitors (Sharma et al., 2023). EPIs will increase the
intracellular accumulation of many antibiotics, making bacteria more
susceptible to antimicrobials in a general way (Blanco et al., 2018) This
increased sensitivity has two consequences: first, allowing re-sensitization of
antibiotic-resistant organisms, and second, reducing the chances of selection
for resistant mutations since, even such mutations are present in the
population, the lower level of resistance that occurs due to the presence of
the inhibitor would It hinders, at least in some cases, their choice.

It is also worth noting that, in addition to extruding toxic compounds,
MDR efflux pumps are involved in many aspects of bacterial physiology,
including intercellular communication and pathogenicity (Agreles et al.,
2021). Thus, inhibition of the efflux pump also affects the virulence of

bacterial pathogens (Pun et al., 2023) .
1.2.9.1. Inhibitors methods

Inhibition of the pump activity of Gram-negative bacteria may occur in a
variety of ways:

e By modifying the chemical design of previous antibiotics for reduce the
affinity of flow recognition and binding sites or to prevent flow
transmission.

e By altering the regulatory steps that regulate the expression of
efflux pumps

e By blocking the oute r membrane channel (TolC, OprM) with a stopper

e By generating a molecule that competitively or non-competitively inhibits

the convergent sites of the efflux pump with an antibiotic.
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e By disentangling the energy of flux, direct/specific via an anti-convective
site or indirect/general by disentangling the energy mechanisms
driven by the bacterial vector.

e By obstructing the functional assembly of the multi-component pump
(Seukep et al., 2022).

1.2.9.2 Carbonyl cyanide-m-chlorophenylhydrazone (CCCP)

Is perhaps the most famous EPI lab. It is an anion carrier that
disrupts the proton motive force (PMF) by affecting both of its
components, Ay and ApH20. This also renders the bacterial cells
metabolically inactive which raises the debate as to whether they are
synergistic (Ageyeva et al., 2022).

The effect that CCCP shows with a combination of antibiotics is
actually a result of inactivity of the efflux pump or metabolic inactivity of
the cells as show in (Figure 1-5). CCCP has been reported to revive
tetracycline activity in Helicobacter pylori and Klebsiella spp. Synergy
between carbapenems and CCCP was also reported, which was independent of
the efflux-inhibiting activity of CCCP, supporting the previous hypothesis that
(Morais Oliveira-Tintino et al.,2023; Sharma et al., 2019).

Carbonyl cyanide-m-chlorophenylhydrazone leads to metabolically
inactive cells resulting in a synergistic effect with antibiotics. This combined
with its cytotoxicity toward mammalian cells kept CCCP limited to in vitro
use only (Xia et al., 2021;Yarlagadda et al., 2020).

The molecule was found to be highly effective in reversing resistance
against fluoroquinolones in both recombinant Escherichia coli and clinical

strains of A. baumannii overexpressing the MATE AbeM efflux pump.
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Figure 1-5:effect the efflux pump inhibiters CCCP and antibiotic on bacterial cell (Li etal.,
2023)

1.2.10 Efflux pump inhibitors as new therapeutic agents
Considering the importance of efflux in mediating antibiotic

resistance , it is worthwhile to expect that circumventing these determinants
of resistance could  potentiate the activity of substrate antibiotics.
Abolishment the efflux could be achieved by different ways namely:

o downregulating the expression of efflux pump genes by interfering in

genetic regulation

o redesigning antibiotics that are no longer recognized as substrates

o inhibiting the assembly of functional efflux pumps

o blocking the pump to avoid substrate binding to the active site

o collapsing the energy mechanism responsible for energizing these
pumps.

A chemical entity would have to go through a stringent checklist to
make it as a successful EPI. First, the molecule must not be antibacterial per
se. An antibacterial molecule would ultimately lead to selection of mutants
resistant to its action that will severely impact its utility as an EPI. Second, the
molecule should be selective and not target any eukaryotic efflux pumps.

Since efflux pumps are ubiquitous and their basic functional aspects tend to be
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similar across the life forms, selective inhibition of bacterial efflux pumps
becomes a difficult task. Third, it should possess ideal pharmacological
features such as non-toxicity, high therapeutic and safety indices, good
ADMET (Absorption, Distribution, Metabolism, Excretion and Toxicity)
profile and serum stability. Finally, to be successful at a commercial level, the

production of the EPI must be economically feasible ( Sharma et al.,2019).

1.2.11 OgxAB
Plasmid-borne genes conferring quinolone resistance have been

increasingly recognized .Recently a plasmid-encoded efflux pump, OgxAB,
conferring resistance to the quinoxaline-di-N-oxide olaquindox, which has
been used as a growth promoter in pigs, was discovered in Escherichia coli
isolates of porcine origin in Denmark and Sweden ogxAB was encoded by the
genes ogxA and ogxB located on a 52-kb conjugative plasmid designated
pOLA52 and conferred resistance to multiple agents, including
fluoroquinolones .

Several studies have investigated the prevalence of this plasmid-
encoded multidrug efflux pump in clinical isolates of Enterobacteriaceae
and have for the first time identified an ogxAB-encoding plasmid in an E. coli
isolate of human origin (Li et al.,2019; Monarrez et al., 2019; Ni et al., 2022).

The ogxAB gene generally locates on chromosome and/or plasmids
flanked by 1S26-like elements in clinical isolates
of Enterobacteriaceae and Klebsiella  pneumoniae, conferring low to
intermediated resistance to quinoxalines, quinolones tigecycline, nitrofurantoin,
several detergents and disinfectants(benzalkonium chloride, triclosan and SDS).
It could co-spread with other antimicrobial resistance genes (blacrx-
v, rmtB and aac(6’)-1b etc.), virulence genes and heavy metal resistance genes
(pco and sil operons). Both RarA(activator) and ogxR (repressor) play important

roles on regulation of the expression of ogxAB( Li, J etal.,, 2019).
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2. Materials and Method
2.1 The Materials:

2.1.1 Equipment and Instruments:
The instruments and equipment which were used in the present study are listed
in Table (2-1).

Table (2-1): Laboratory Equipment's and Instruments.

No. | Equipment /Instruments Company Origin
1 Autoclave Metoree China
2 Benchtop centrifuge Memmert Germany
3 Centrifuge Wisd Korea
4 DNA extraction tubes 100 pul, P.C.R tubes | Capp Germany
(50pD)
5 Disposable Loop JWR China
6 Eppendorf tubes Eppendorf Germany
7 Freezer Kelon China
8 Gel electrophoresis system Bioneer Korea
9 Incubator, oven Memmert Germany
10 | Laboratory distillation unit Cryste Korea
11 | Laminar flow cabinet Capp Germany
12 | Micropipettes Capp Germany
13 | Parafilm Citotest LaB ware | Pakistan
14 | PCR thermo cycler Analytik Jena Germany
15 | Petri dishes (9 cm) Afco-Dispo Japan
16 | Plain tube (10 ml or 15 ml) Afco-Dispo Japan
17 | Platinum Wire Loop Himedia Indian
18 | Polyethylene tube (15 ml) Afco-Dispo Japan
19 | Refrigerator Concord Italy
20 | Sensitive balance Denver USA
21 | Sterile swab Lab.service Spain
22 | Transport collection swabs Citotest Lab ware | China
23 Vortex Heidolph Germany
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24 | Vitek 2 compact system Biomerieux Franch

25 UV-trans illuminator Clever USA

2.1.2 Chemical Materials:

The main stains and chemical materials used in the present study are listed in
Table (2-2).

Table (2-2): Chemical Material.

No | Chemicals Company / Origin
1 Alcohol (70%) Fluka chemical/
2 | Agarose Condalab / Spain
3 DNA ladder (100 bp) Promega / USA
4 Glucose (C6H1206) BDH/ England
5 Glycerol (C3HgOs) Switzerland

6 Loading dye (bromophenol blue) Promega / USA
7 Nuclease free water Bioneer (Korea)
8 Tris-EDTA buffer (TE) Promega / USA
9 Tris-Borate-EDTA (TBE) buffer

2.1.3 Biological Materials:
The main biological materials used throughout the present study are listed in

Table (2-3).

Table (2-3): biological materials.

Media Company / Origin
Brain Heart Infusion Broth Promega/ USA
Eoasin methylene blue agar Himedia/India
Inhibitor Carbonyl Cyanide m-Chlorophenyl- Solarbio/chian

hydrazine (CCCP)
Muller- Hinton agar

MacConkey agar
Nutrient agar
Nutrient broth

Himedia/India
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2.1.4 Antibiotics Disks:
Antibiotic disk diffusion was performed according to CLSI, (2023).

Table (2-4): Antibiotics used in the present this study.

No | Group Antimicrobial | Assembly Content Company/Origin
Agent
1 Aminoglycosides Amikacin AK 30 (mg)
Gentamicin CN 10 (mg)
Kanamycin K 30 (mg) Himedia/India
Streptomycin S 300 (mg)
2 Quinolons Ciprofloxacin CIP 5 (mg)
Gatifioxacin GAT 5 (mg)
Levofloxacin LE 5 (mg) Himedia/India
Norfloxacin NX 10 (mg)
3 Aminoglycosides Amikacin AK 30 (mg) Liofilchem/Italy
Gentamicin CN 10 (mg)
Tm midia/India
Kanamycin K 30 (mg)
Streptomycin S 25 (mg) Bioanalyse/Turkey
4 Quinolons Ciprofloxacin CIP 5 (mg)
Gatifioxacin GAT 5 (mg) Tm midia/India
Levofloxacin LE 5 (mg)
Norfloxacin NX 10 (mg) Liofilchem/Italy
Gentamicin CN 40mg/mi Menarini/ Italy
5 Aminoglycosides (amp)
Ciprofloxacin CIP 500 mg Sanavity/Germany
: (cap)
6 Quinolons Levofloxacin LE 500 mg LDP/Spian
(cap)
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2.1.5. Primer Pairs

The Primer used in present study with condition are listed in table (2-5).

Table (2-5): Sequencing and PCR conditions designed in the present

study.

Genes

Sequence 5-3

Bp

Conditions

Referenc

0QXxA

0gxAF-5-CTCGGCGCGATGATGCT-3’

0gxAR-5-CCACTCTTCACGGGAGACGA-3’

392

Step 1: initial
denaturation 94°C,
5min.

Step 2: denaturation
94°C, 45 sec.by 34
cycles

Step 3: annealing at
51°C, 45 sec.

Step 4: extension 68°C,
1 min

Step 5: final step of
extension 72°C, 10 min

ogxB

0gxBs-5-TTCTCCCCCGGCGGGAAGTAC-3'

0gxBa2-5-CTCGGCCATTTTGGCGCGTA-3'

512

Step 1: initial

denaturation 94°C, 5

min.

Step2:denaturation  at
94°C, 45 sec.by 32
cycles

Step 3: annealing at

64°C, 45 sec.

Step 4: extensionat

at72°C, 1 min

Step5: final step of

extension at72°C,10 min.

(Kim etal.,
2009)
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2.1.6 The Kits used for diagnosis:

Table (2-6) includes a list of the molecular assay and diagnostic kits used in
the current study.

Table (2-6): The materials and Diagnostic Kit Used in Molecular Study.

No. | Types of kits Company/Country
1 Master mix
2 DNase | enzyme kit Promega/USA
DNase | enzyme
10x buffer
Free nuclease water

2.1.6.1Master Mix:

Table (2-7): Contents of Master Mix

No. | Materials

DNA polymerase enzyme (Taq)

dNTPs (400pm dATP, 400pm d GTP, 400pm dCTP, 400pm

1
2
3 MgCI2 (3mM)
4 Reaction buffer (pH 8.3)

Table (2-8): Contents of PCR Reaction Mixture

Contents of reaction mixture Volume
Master Mix 12 ul
Template DNA 2 ul
Forward primer (10 pmol/ul) 1wl
Reverse primer (10 pmol/ul) 1l
Nuclease free water oul
Total volume 25 ul

32



Chapter Two Materials and Methods
2.2 Methods

2.2.1 Study design: Cross-sectional study

Isolation and identification

of bacteria

!

Determination of AST and antibiotic resistant
by DDT and Vitek 2 system

|

Phenotypic detect the presence of efflux

mechanism by using CCCP with antibiotics

!

Genotypic detection of prevalence of ogxA

and, ogxB genes
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2.2.2Ethical approval and consent

Verbal consent will be taken from each patient before sampling. This
study was approved by the committee of publication ethics at college of

medicine, University of Babylon, Irag, No. 522 in 12 November 2022.

2.2.3 Sample Collection and Diagnosis

In the present stydy , a total of 300 samples were isolated from Marjan
Teaching Hospital, Al-Mahaweel General Hospital, and Al-Mahaweel and
Musayyib laboratories in Babylon, between December (2022) and
March(2023)

Isolation was carried out at both public hospitals and laboratories |,
samples were labeled and transported to the University of Babylon Laboratory
for processing and before starting this study.

All samples were cultured on MacConkey's and Eosin methylene blue
and incubated at 37 C° for 24 hrs. confirmed by polymerase/chain reaction
(PCR) using species-specific primer pairs ogxA, ogxB among MDR
Enterobacteriaceae.

This / study was conducted at the University of Babylon / College of
Medicine / Department of Medical Microbiology.

2.2.4 Preparation of Reagents and Solutions

2.2.4.1 Standard Solution No. 0.5 by McFarland:

McFarland turbidity standards are prepared by mixing various volumes of
1% sulfuric acid and 1% barium chloride to obtain solutions with specific

optical densities. By adjusting the volume of these two chemical reagents.

McFarland standards of varying degrees of turbidity can be prepared which
represent different bacterial density or cell count. 0.5 McFarland turbidity
standard provides an optical density comparable to the density of a bacterial

suspension with a 1.5 x 10”8 colony forming units (CFU/ml).
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2.2.4.2 TBE (Tris-Borate-EDTA) Buffer

TBE was prepared and stored as a 10x stock solution. The 10x working
solution was prepared by dissolving 108 g of Tris base, 55 g of boric acid, and
40 ml of 0.5 M EDTA in 1000 ml of D.W. However, final concentration of 1x
TBE solution was prepared by adding 100 ml of 10x TBE buffer to 900 ml of
sterile D.W.

2.2.5 Preparation of Culture Media

The ready culture media were prepared according to the manufactures
instructions (Mueller —Hinton agar medium, MacConkey's agar, Eosien
methylene blue agar , Luria broth and Blood agar ) were prepared using the

routine methods.

2.2.6 Preserving and maintaining bacterial isolates.

2.2.6.1 Short-term preservation

All tubes were planted on the nutrient agar denying medium in a planed
and slanted manner. The bacterial isolates were incubated using the planning

method, and the tubes were incubated at 37°C for 22 hours.

2.2.6.2 Long-term preservation

The tubes were inoculated on to 5 ml of brain heart infusion broth
medium, and addition 15% glycerol with isolates, then these tubes were
incubated with 37 °C for 22 hours, the entire tubes were kept at 21°C What is

the use.
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2.2.7. Antibiotic Susceptibility Test

2.2.7.1. Disc Diffusion Method
Using the disc diffusion method by Kirby-Bauer traditional

susceptibility tests of Enterobacteriaceae have been done to detect antibiotic
resistance on Muller Hinton agar. Antimicrobial susceptibility testing was
done with 8 different antibiotics using the disk diffusion method, including,
Gentamicin,  kanamycin,  Amikacin,  Streptomycin,  Ciprofloxacin,
Levofloxacin , Gatifioxacin, Norfioxacin, after adjusting the inoculum to 0.5
Macfarland, as per the Clinical and Labrotary Standards Instituite 2023 (CLSI-
2023), a table lists the antibiotics utilized in the style, diffusion of antibiotics.

The 134 isolates used in this test by culturing the bacterial suspension
of the isolates using the streaking method, by sterile swab on to mueller
hinton agar plate. The antibiotic discs were placed on the surface of the
medium with flamed forceps at evenly spaced intervals, and incubation was
normally done overnight at 37°C. Antibiotic inhibition zones were measured
and compared with CLSI 2023 to find the susceptibility of organisms to each
antibiotic (Kebede et al., 2021).

2.2.7.2.Determination of Antibiotic Sensitivity test (AST) by Vitek

The isolated bacteria suspension is used to be diagnosed by the turbidity
device Vetik 2 (Densichek), which the turbidity must equal (0.5)
approximately 1.5x10® CFU/ml. An aliquout of 145 pL was transferred. The
first tube to the second for the antibiotic susceptibility test, The two test tube
containing bacterial suspension was placed into a cassette the device cut off
the transport tube then transferred into the incubator card to incubate at 37°C,
and the result was reading and printed diagnostic report for each card existing
within the reader with antibiotic susceptibility test according to company

instruction (biomerieux).
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2.2.7.3.Detection of Antibiotic Resistance Patterns (ARP)

Multidrug resistant (MDR) was defined as acquired non-susceptibility to

at least one agent in three or more antibiotic classes. Extensively drug resistant

(XDR) was defined as non-susceptibility to at least one agent in all but one or

two antibiotic classes. Pan drug resistant (PDR) was defined as non-susceptible

to all-antibiotic classes (Magiorakos et al., 2012). The susceptibility to 22

antibiotics with 8 antibiotic classes were tested to determine the ARP of the all

Enterobacteriaceae isolates .

Table 2-10: Classes and types of antibiotics used to determine the Antibiotic
Resistance Patterns for Enterobacteriaceae isolates.

NO. Classes types of antibiotics

1 Penicillins Amoxicillin,Ampicillin,Piperacillin/Sulbactum
,Piperacillin/ Tazobactum,

2 Cefazolin , Cefotetan, Cefoxitin, Cefoperazone,

Cephalosporens _ _ :

Ceftazidime , Ceftizoxime , Ceftriaxone ,
Cefepime

3 Carpapenem Ertapenem, Imipenem, Meropenem ,Panipenem

4 Aminoglygosiades | Amikacin ,Gentamicin ,Isepamicin, Topramycin

5 Fluoroquinolones | Ciprofloxacin, Levofloxacin, Sparfloxacin,

6 Glycylcyclines | Tigecycline

7 Sulfonamides Trimethoprim/Sulfamethoxazole

8 Quinolons Nitrofurantoin

2.2.7.4 MIC Determination by Agar Dilution Method

Minimum inhibitory concentrationtest assay was performed by agar

dilution method, in which Mueller-Hinton agar plates and appropriate

concentrations| 0.5-128 pg/mL ] of antimicrobial agent were prepared |,

inoculated with enterobacterial suspensions, and the plates were incubated at

37 °C in the same micro-atmosphere for 24 hours. The MICs for

antimicrobials were scored as the lowest concentration of antimicrobial agent

that completely inhibited the growth of Enterobacteriaceae on agar plates.
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2.2.8 Phenotypic detection of efflux mechanism by using the
Inhibitor [CCCP ] with antibiotics

Levofloxacin ,Ciprofioxacin and Gentamycin minimal inhibitory
concentrations (MIC) were measured in order to assess the effects of utilizing
an efflux pump inhibitor [ CCCP].

The previous experiment was repeated in the same way except adding
the inhibitor.To confirm the mechanism of efflux pump, the efflux pump
inhibitor (CCCP) was supplemented to each of the M-H agar plates
containing 128 pg/mL Levofloxacin (LE) Ciprofioxacin (CIP) and
Gentamycin (CN) .The final concentration of ( CCCP) in the M-H agar was 25
ug/mL and recording the results.

2.2.9 Detection of Antibiotic Resistance Genes by Polymerase
Chain Reaction (PCR)

A PCR assay was conducted as a confirmatory detection test.
Enterobacteriaceae isolates resistance genes. This assay was accepted out in
the manner designated by Weissensteiner et al., (2003).

2.2.9.1. Genomic DNA Extraction

DNA template was prepared by the boiling method ,Briefly,

e 3-4 bacterial colonies were suspended in 500 ul TE buffer.

e Samples were incubated at 95°C for 15 minutes.

e They were centrifuged for 10 minutes at 4°C and 12000 rpm.

e The supernatants were stored in Eppendorf microtubes at —20°C.

e Which were used as DNA templates.
A simple and rapid method for preparing plasmids for restriction enzyme
analysis has been developed. Bacteria are boiled for 15-40 s and an insoluble
clot of genomic DNA and debris is removed by low-speed centrifugation.
Plasmids are recovered from the supernatant by isopropanol precipitation and

can be resuspended in buffer and immediately restricted. A 5-ml bacterial
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culture yields enough plasmids for many restriction enzyme digestions, but a

single colony on a petri dish or a 0.5-ml miniculture will suffice for a few
experiments. In addition, the procedure can be readily adapted for the

preparation of plasmids from liter cultures with quantitative yields.

2.2.9.2. Primers Preparation
The primers stock tube (100 pmol/pl) was prepared and then the

working solution (10 pmol/ul) was prepared from primer stock tube according
to the instruction provided by primer manufacturer (Macrogen/ Korea).
2.2.9.3 Technique of Polymerase Chain Reaction (PCR)

Using specified primer pairs, conventional PCR was performed to
amplify the target DNA. It consisted of three processes that were repeated for
a certain number of cycles in order to obtain a PCR result (amplicon) that

could then be detected after agarose gel electrophoresis.

2.2.9.4 Agarose Gel Electrophoresis
After extraction, a concentration of agarose gel was 1.5 % that utilized

to separate genomic DNA (5- 10 kb), whereas 1.2 gels were employed to
achieve good resolution for small fragments of PCR product (0.2-1 kb).
However, 100ml of 1xXTBE buffer was added to the specified weight of
agarose, which was then heated in the microwave until the solution became
clear. After cooling the agarose to 50-55°C, 5 ul of Ethidium Bromide dye
(10 mg/ml) were added to 100 ml of melting agarose gel to achieve the final
concentration of 0.5 g/ml. The agarose was poured into the gel tray, sealed at
the ends, and the comb was appropriately inserted before drying. The samples
were loaded into their own wells on the gel, while the marker was loaded into

one well.

2.2.10 Statistical Analysis
To analyze the data, a chi-squared test was run in SPSS version 16
(SPSS Inc., Chicago, IL, USA). P value <0.05 was considered statistically

significant.
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3. Results and Discussion

3.1 Clinical specimens and bacterial isolation

The results found out of 300 samples 280 (93%) culture-positive and 20
(6.6%) culture-negative clinical samples.

The results found that out of 280 clinical samples, only 134 (47.86%)
samples were belonged to Enterobacteriaceae. The remaining 146 (52.14%)
samples were belonged to other types of bacteria.

The reason for culture-negative samples may be due to the presence of
fastidious of unculturable bacteria or fungi.

After observing the cultural and morphological characteristics of the
bacterial isolates, were as follows: E. coli n=94 (70.1%) isolates, Klebsiella.
pneumoniae n=24 (17.9%), Proteus.spp n=7 (5.2%) and Enterobacter.spp
n=9 (6.7%).

The identification of all E. coli, K. pneumoniae , Enterobacter spp., and
Proteus spp. isolates was confirmed by Vitek-2 automated identification
system. However, no other Enterobacteriaceae species were recovered in this
study.

3.2 Distribution of Enterobacteriaceae according to Infection type

The distribution of Enterobacteriaceae isolates among collected samples
types illustrated in (Table 3-1). The results of isolation of Enterobacteriaceae
revealed high percentage of E.coil 94 isolates distributed as urinary tract
infections (UTIs) (43 isolates), lower respiratory tract infection (RTIs) (20
isolates), (17 isolates) for Bacteremia, and (14 isolates) for bacterial vaginitis.

The isolation rate of K. pneumoniae 24 isolates was as follows: from
(UTIs) (4 isolates), (RTIs) (8 isolates), and (12 isolates) for Bacteremia.

Regarding the distribution of Enterobacter spp. among clinical samples,

7 isolates were recovered from (UTIs)-and (2 isolates) from Bacteremia. For
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Proteus spp., 6 isolates were recovered from (UTIs) and 1 isolate from

Bacteremia as shown in (Table 3-1).

Table 3-1: Distribution of Enterobacteriaceae isolates according to the types

of samples
Sample E.coil |K.pneumoniae| Enterobacter | Proteus
Infection type Specimen n=134 spp. Spp.
(%)
Urinary tract Midstream 60 43 4 7 6
infections Urine (71.6%) (4.4%) (11.6%) (16%)
Respiratory tract |Bronco alveolar 28 20 8 - -
infections Lavage (71.4%) (28.5%)
Bacteremia Blood Stream 32 17 12 2 1
(53.1%) (37.5%) (6.25%) (3.1%)
\/aginitis & | High Vaginal 14 14 - - -
cervical Swab (100%)
swabs
Total 134 94 24 9 7

3.3. Distribution the type of infection according to sex

Table-2 showed that 61(64.8%) out of 94 patients were infected with E.
coli among female group versus 33 (35.1%) were among male group. The
most patients infected with K.pneumonieae infections were among females 14
(58.3%) versus 10 (41.6%) among males.

The results also showed that 4 (44.4%) out of 9 patients were infected
Enterobacter.spp among femlae group versus 5 (55.5 %) were recorded
among male group . and the most patients infected with Proteus.spp infections
were recorded among female group 3(42.8%) versus 4 (57.1%) among male
group,
0.05).

These results indicated that there was a predominance of females
(61.1%) than males (39%). This finding was compatible with the results

and statistically these differences were non-significant (P-value =

obtained by several authors worldwide (Krishnan et al., 2023).
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Table 3-2: Distribution the bacterial isolates according to patients sex

Study Groups
Sex E.coli K.pneumoniae Entero.spp | Proteus.sp Total P-value
Y
Male 33 10 5 4 52 Pvalue
(35.1%) (41.6%) (55.5%) (57.1%) (38.8%) | =0.5
Female 61 14 4 3 82 (N.S)
(64.8%) (58.3%) (44.4%) (42.8%) (61.1%)
Total 94 24 9 7 134
(100%) (100%) (100%) (100%) (100%)

3.4 Distribution of Enterobacteriaceae isolates according to the
age groups
The results found that most cases of Enterobacteriaceae infections were

40 (29.8%) out of 134 cases occurred among age groups (1-19) years while the
frequencies and percentage of Enterobacteriaceae infections were decreased

among the patients at the sixth to seventh decade of age 19 (14.1%).

Regarding E. coli infections, the results found that most cases 33 (35.1%)
were among age group (1-19) years out of 94 cases, while most cases 8
(33.3%) of K. pneumonia infections were distributed among most the age
groups of (20-39) years out of 24 cases. Regarding Proteus spp., infections the
results found that most cases 3 (42.8%) were among age group (20-39) years
out of 7 cases, while most cases 4 (44.4%) of infections with Enterobacter spp.,
were distributed among most the age groups of (20-39) years out of 9 cases,
statistically these differences were non-significant (P value = 0.7), as shown in
(Table 3-3).

42




Chapter Three Results and Discussion

Table 3-3: Distribution of Enterobacteriaceae according to categorial age

groups
Study Groups (1-19) (20-39) (40-59) (60-75) Total
E.coli 33 (35.1%) 27(28.7%) | 23(24.4%) | 11(11.7%) | 94
K.pneumoniae 5 (20.8%) 8(33.3%) | 5(20.8%) 6(25%) 24
Proteus spp. 1(14.2%) 3(42.8%) 2(28.5%) 1(14.2%) 7
Enterobacter spp. 1(11.11%) 4(44.4%) 3(33.3%) 1(11.11%) 9
Total 40(29.8%) | 42(31.34%) | 33(24.6%) |19(14.1%) | 134

3.5 Antibiotic susceptibility patterns of the bacterial isolates

The antibiotic susceptibility (AST) of E.coli (n =94), Enterobacter spp.
(n=9), Proteus spp (n =7) and K. pneumoniae (n= 24) isolates was performed
by Vitek 2 system and disk diffusion test (using 8 antibiotics). The results of
AST were interpreted based on CLSI guidelines (2023) (Figure 1, Appendix-
1).

Figure 3-1 : Antibiotic susceptibility of, E.coli 41 isolate using DDT.
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3.5.1 Antibiotic susceptibility of isolates to flouroquinoloines &
aminoglycosides

The results of the present study regarding the susceptibility of
Enterobacteriaceae isolates to flouroquinoloines found that E.coli isolates
were resistant to ciprofloxacine, levofloxacine, Norfloxacin, Gatifioxacin with
resistance rates 63%, 49.4%, 57.4% and 44.6% respectively.

K.pneumoniae isolates, they were resistant to ciprofloxacine,
Levofloxacine, Norfloxacin, Gatifioxacin with resistance rates 79%,
87.%,75%, and 62.5% respectively.

Regarding Enterobacter spp., the isolates were resistant only to
ciprofloxacine, levofloxacine , Norfloxacin, and Kanamycin with resistance
rates 55.5%, 67%, 78% and 67% respectively.

Regarding Proteus spp., the isolates were highly sensitive to all
members of flouroquinoloines, with sensitive rate 100%.

Regarding the susceptibility of Enterobacteriaceae isolates to
aminoglycosides, E.coli isolates exhibited low resistance rate against
Kanamycin, streptomycin with percentage of 29%, and 5% respectively, also
E.coli isolates exhibited low resistance rates against Amikacin, Gentamicin
with 1%, 34%, rates versus 66%, 67% resistance rates exhibited by K.
pneumoniae isolates.

K.pneumoniae and Proteus spp. isolates were highly resistance to
Kanamycin and Streptomycin antibiotics with 100%, 100% respectively. Also
Proteus spp. isolates were resistant to Amikacin, Gentamycin with 71% and
86% respectively.

Regarding Enterobacter spp. isolates were resistance to Kanamycin
with percentage of (66.6%). and isolates were sensitive to Amikacin,
Gentamicin, and Streptomycin with rates (55.5%), (56%), and (55.5%)

respectively as shown in (Table 3-4).
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(Table 3-4): Antibiotic susceptibility of E. coli (n=94), Enterobacter spp. (n=9), Proteus

spp. (n=7) and K.pneumoniae (n=24)
Aminoglygosides.

isolates by DDT for fluoroquinolones and

Suscept. Bacterial isolates
Antibiotic Class Antibiotic | status E. coli K.pneumoniae | Enterobacter | Proteus
n=94 n=24 Spp. n=9 spp. n=7 Total
R 60 19 5 0 84
(63.8%) (79.1%) (55.5%) (0.0%) | (62.6%)
S 30 0 4 7 41
CIP (32.2%) (0.0%) (44.4%) (100%) | (30.5%)
| 4 5 0 0 9
(4.3%) (20.8%) (0.0%) (0.0%) | (6.7%)
R 46 21 6 0 73
(48.9%) (87.5%) (66.6%) (0.0%) (54.4%)
LE S 34 3 3 7 47
Fluoroquinolones (36.1%) (12.5%) (33.3%) (100%) | (35.0%)
| 14 0 0 0 14
(14.8%) (0.0%) (0.0%) (0.0%) | (14.8%)
R 54 18 7 0 79
(57.4%) (75%) (77.7%) (0.0%) | (58.9%)
NX S 34 2 2 7 45
(36.1%) (8.3%) (22.2%) (100%) | (33.5%)
| 6 4 0 0 10
(6.3%) (16.6%) (0.0%) (0.0%) (7.4%)
R 42 15 0 0 57
(44.6%) (62.5 %) (0.0%) (0.0%) (42.5%)
S 40 2 4 7 53
GAT (42.5%) (8.3%) (44.4%) (100%) | (39.5%)
| 12 7 5 0 24
(12.9%) (29.1%) (55.5%) (0.0%) | (17.9%)
R 4 16 0 5 25
(1.0%) (66.6%) (0.0%) (71.4%) | (18.6%)
AK S 89 1 5 0 95
(94.6%) (4.1%) (55.5%) (0.0%) | (70.8%)
| 1 7 4 2 14
(1.0%) (29.1%) (44.4%) (28.5%) (10.4%)
R 32 16 0 6 54
(34.4%) (66.6%) (0.0%) (85.7%) | (40.2%)
CN S 54 2 5 0 61
(57.4%) (8.3%) (55.5%) (0.0%) (45.5%)
| 8 6 4 1 19
Aminoglygosides (8.6%) (25%) (44.4%) (14.2%) | (14.17%)
R 39 24 6 7 76
(41.4%) (100 %) (66.6%) (100%) | (56.7%)
KAN S 40 0 0 0 38
(42.5%) (0.0%) (0.0%) (0.0%) | (28.3%)
| 15 0 3 0 18
(15.9%) (0.0%) (3.33%) (0.0%) | (13.4%)
R 5 24 0 0 29
(5.3%) (100 %) (0.0%) (0.0%) (21.6%)
HLS S 80 0 5 6 91
(86.0%) (0.0%) (55.5%) (85.7%) | (67.9%)
| 9 0 4 1 14
(9.5%) (0.0%) (44.4%) (14.2%) (10.4%)

Abbreviations: CN; Gentamicin, K; Kanamycin, AK; Amikacin, S; Streptomycin, CIP; Ciprofloxacin,
LE; Levofloxacin, NX ; Norfloxacin, GAT ; Gatiflioxacin.
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The results of the current study regarding the resistance to ciprofloxacin
were consistent with the results obtained by the Tajbakhsh et al., (2016) who
found that the rate of bacterial resistance to this antibiotic was 56.25%. It was
shown that the rate of resistance to antibiotics, including this antibiotic, is
higher in biofilm-producing bacterial isolates from non-forming bacterial
isolates. The results were also compatible with by Rameriz-Castillo et al.,
(2018) who revealed that the rate of bacterial resistance to this antibiotic was
47.3%. It has been shown that the high resistance to ciprofloxacin is due to
this group of antibiotics has become the first choice for treatment of urinary

tract infections, which has led to using it excessively.

This study was also consistent with the results obtained by
Malekzadegan et al., (2018), who showed that a percentage of (56.5%) of
bacterial isolates were resistant to ciprofloxacin, in addition to showing that
the high rate of resistance is higher in the bacterial isolates taken from urine,
from than bacterial isolates taken from other sites of the urinary tract, such as
the urea and kidneys. This antibiotic is the most common antibiotic from the
group of quinolones used in treatment urinary tract infections, and its
excessive use has led to a significant increase in the resistance rate over the

latter years.

The results was also consistent with Abdu et al., (2018) who found that
the rate of bacterial resistance to this antibiotic was (46%), and it was shown
that the bacteria were multi-resistant to antibiotics. However, the results of the
current study did not consistent with the results obtained by Asadi (2018), as

the rate of bacterial resistance to this antibiotic was (21.7 %).
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One of the reasons for the resistance of E. coli bacteria to antibiotics
belonging to the quinolones group, it is a change in the target site, a decrease
in the permeability of the outer membrane of the bacteria and its possession
of efflux systems which includes pumps (AcrAB-TolC, MdfA, YhiV)
(Paltansing, 2015), and Inhibiting DNA synthesis by inhibiting DNA gyrase

enzyme or by genetic mutations in it (Zaman et al. 2017).

3.6 Antibiotic Resistance patterns

The Antibiotic Resistance patterns (ARP) of Enterobacteriaceae isolates
was determined according to Magiorakos et al. (2012). The ARP of the isolates
depended on the results of Vitek 2 system (Index-1) and were interpreted
according to CLSI guidelines (CLSI, 2023).

The results of (Table 3-5) showed that ARP of Enterobacteriaceae isolates
found that out of 134 isolates, 61 were sensitive and 73 showed different
antibiotic resistance patterns as follows: 48 (35.8%) were MDR, 17 (12.6%o)
were XDR, and 8 (5.9%) were PDR.

The antibiotics resistance pattern PDR was only detected in Klebsiella
isolates, XDR was detected only in E. coli and Klebsiella. while MDR was
detected in all Enterobacteriaceae isolates except Proteus spp. isolates (n=7)
which did not showed any type of ARP and were all sensitive to all antibiotics
tested.

Several studies worldwide reported that many isolates of enteric gram-
negative rods are highly antibiotic resistant because of the production of j-
lactamases and other drug-modifying enzymes. These organisms undergo
conjugation frequently, at which time they acquire plasmids (R factors) that
mediate multiple drug resistance. For example, plasmid-encoded New-Delhi
metallo-B-lactamase  causes resistance to  penicillins,cephalosporins,

monobactams, and carbapenems (Theuretzbacher, 2020)
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The results of the present study also found that out of E. coli (n=44), 11 (25%)
were XDR, and 33 isolates (75%) were MDR. However, no PDR patterns
were found among E. coli isolates.

Regarding K.pneumoniae (n=24), 8 isolates (33%) were PDR, 6 (25%)
XDR, and 10 isolates (42%) were MDR. However, no isolates from K.
pneumoniae were found to be sensitive (susceptible) to all antibiotics tested.

Results also found that all of Enterobacter spp (n=5), were MDR.
However, no PDR and XDR patterns were found among Enterobacter spp
isolates.

Regarding the antibiotic resistance patterns among Enterobacteriaceae
isolates, the results revealed that K.pneumoniae isolates were more resistant to
the antibiotics than E.coli, and Enterobacter spp, because K.pneumoniae has
PDR resistance pattern (34%) while isolates of E.coli and Enterobacter.spp,
did not have this type of resistance.

In addition to that, the isolates of E.coli and Enterobacter spp. were the
highest in possession of MDR (75%), and (100%) respectively, compared to in
K.pneumoniae isolates (42%), which indicates the low efficiency of these
isolates in the antibiotic resistance. Parajuli et al., (2017) revealed that out of
739 E.coli isolates, (64.9%) were multidrug resistant (MDR) and (5%) were
extensively drug resistant (XDR) from patients with UTIs, while Jain et al.,
(2021) revealed that (98%) of E. coli isolates were MDR.

The emergence of MDR is considered as a major public health concern.
Multi-Drug Resistance (MDR) Pathogenic organisms have mechanisms of
resistance to combat the harmful effect of many classes of antimicrobials. MDR
Is defined as the resistance of pathogenic organisms to one or more
antimicrobial agents. Based on this criterion, multi-resistant isolates were
classified as MDR, XDR or PDR as in (Table 3-5).
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The researcher Lee et al., 2021 revealed that there was no PDR pattern
among E. coli isolates recovered from patients with bacteremia. They also
revealed that there was no XDR pattern among K.pneumoniae isolates
recovered from the same patients.

Many health organizations such as the World Health Organization
(WHO), the Centers for Disease Control and Prevention (CDC) and the
European Centre for Disease Prevention and Control (ECDC) have warned that
MDR bacterial infections are becoming difficult and costly to treat using
expensive medications, and require prolonged treatment regimens (Terreni et
al., 2021). As the criteria proposed by (Silva et al., 2022) for a multiple
antibiotic resistant organism, current study showed that all E. coli and K.
pneumoniae isolates exhibited multiple antibiotic resistant (resistant to at least
one antibiotic in three or more of the 5 antimicrobial classes tested in this
study.

Table 3-5: Antibiotic resistance patterns of Enterobacteriaceae isolates based on
Vitek 2 system results

Enterobacteriaceae Type of multidrug resistance pattern (N,%)

Isolates MDR XDR PDR

E. coli (n=44) 33 11 -
(75%) (25%)

K. pneumonia(n=24) 10 6 8
(42%) (25%) (33 %)

Enterobacter spp 5 - -

(n=5) (100% )

Proteus spp. (n=7) - - -

Total 48 17 8

(35 .8%) (12.6%) (5.9%)

Only 14 isolates were selected to determine their antibiotic
susceptibility against two classes of antibiotics, fluoroquinolones and
Aminoglygosides by disc diffusion test. The result showed that
Enterobacteriaceae isolates had higher resistance to fluoroquinolones than

Aminoglygosides, as shown in the (Table 3-6).
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Table 3-6: Antibiotic susceptibility of selected Enterobacteriaceae isolates
(n=14) using DDT for fluoroquinolones and amino glycoside

o Bact_eri al Fluoroguinolones Aminoglygosides

species CIP LE NX GAT AK CN K HLS
1 E.coli-39 R R R R S R | S
2 E.coli-47 R R R R S R R S
3 E.coli-49 R R R R S R R S
4 E.coli-57 R R R R S R R S
5 E.coli-63 R R R R S R R S
6 E.coli-65 R R R R S R R S
7 E.coli-66 R R R R S R R |
8 E.coli-72 R R R R S R R S
9 E.coli-74 R R R R S R R S
10 E.coli-78 R R R R S R R S
11 E.coli-81 R R R R S R R S
12 E.coli-82 R R R R S S R R
13 K.P-3 R R R R R R R R
14 Enterocter R R R S S S R S

spp.-5

3.7 Molecular detection of ogxA, ogxB genes among

Enterobactriecae isolates
In this study, ogxAB genes were detected in selected clinical isolates of

(MDR), (XDR) and (PDR) Enterobacteriaceae. The selected isolates were as
follows: 12 XDR E. coli one PDR K. pneumonia , and one MDR Enterobacter

spp. isolate.

Since bacterial resistance to antibiotics is related to different agents, in
this study, detection of efflux pump genes was performed by PCR on selected
14 isolates to determine whether their resistance to antibiotics, including
ciprofloxacin, levofloxacin and gentamycin, depended on the presence of
these genes.

Analysis of PCR results showed that 6 (42.8%) out of 14 isolates were
positive for ogxA gene, and 8 (57.1%) of the isolates were negative for ogxA

gene, Howerver, no isolates showed positive results for the ogxB gene.
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One of the most important resistance mechanisms in
Enterobacteriaceae, especially K. pneumoniae is the production of efflux
pump proteins by encoding the pump genes, especially the species belonging
to the family (RND), which are specialized in resistance to antibiotics within
the classes Amioglycosid, fluoroquinolones, and B-lactams (Onishi, 2023).
The resistance of the isolates without efflux pump may be affected by other
factors, such as reduced antibiotic permeability, decreased accumulation of

intracellular antibiotics, and inactivation of the drugs.

Moosavian et al. (2012) showed that ogxAB genes was 40% and 5.7%
for E. gergoviae and E. coli, respectively. Yuan et al. (2012) showed that
0gxA and ogxB genes were present in 6.6% of E. coli strains. Kao et al.

(2016) reported ogxAB genes in 6.05% of E. coli isolates.

Kim et al. (2009) investigated the prevalence of plasmid-encoded
multidrug efflux pump in clinical isolates of Enterobacteriaceae. In their
survey, 0.4% of E. coli isolates and 4.6% of E. cloacae isolates were positive
for both ogxA and ogxB genes. Because these studies were performed at
different times, therefore, it could be the reason for different results. Zhao et
al. (2010) reported the ogxA gene in 30.3% of E. coli isolates which were

collected from farm- worker
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S 9 1001112 1314 M

Figure 3-2. Agarose gel electrophoresis of PCR products of ogxA gene (329 bp), among

E. coli (1,2,45,6,7,9,10,1,12,13,and14) Enterobacter spp.(8), andK. pneumonia (3)
isolates. M=DNA molecular marker. Isolates1,2,3,8, are positives to the ogxA gene.

Step 1 : initial denaturation at 94°C, 5 min. Step 2 :denaturation at 94°C, 45 sec.by 34
cycles Step 3:annealing at 51°C, 45 sec. Step 4: extension at 68°C, 1 min Step 5:final
step of extension at 72°C, 10 min

In this study, all ogxA-positive Enterobacteriaceae strains were resistant
to ciprofloxacin, and levofloxacin.

As some reports have confirmed that ogxA and ogxB efflux pumps
confer resistance to multiple antimicrobial agents (Rodriguez-Martinez et al.,
2013); Park et al., 2012), therefore, in this study also, the presence of ogxA
efflux pumps in clinical isolates of E. coli (5 isolates) and 1 Kp isolate
containing ogxA genes has conferred resistance to multiple antimicrobial

agents (AMG, Qns, and B-lactams) as shown in (Figure 3-2).
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3.8 Evaluating the Efflux Pump Inhibitor’s Effect on Selected
Isolates
In order to confirm the effective role of the efflux pump in our isolates,

the MICs of antibiotics (levofloxacin, Ciprofloxacin, and Gentamycin) were
compared with and without the efflux pump inhibitor (CCCP).

The following criteria were used to select the isolates for studying the
effect of Efflux Pump Inhibitor’s on the Isolates: the presence of 0gxA gene
and the high rate of MIC of the isolate (MIC >128 pg/ml).

The results of MIC for 14 Enterobactriecae isolates against three
antibiotics (levofloxacin, Ciprofloxacin and Gentamycin), showed that all
isolates had MIC >128 pg/mL in the absence of CCCP for Levofloxacin,
Ciprofloxacin, and Gentamycin (Tables 3-8, 3-9, and 3-10).

In general, our findings regarding the utilization of the inhibitor, helped
to clarify the important function that pumps conduct and how resistance
develops in resistant isolates. The isolates that showed a decrease in MIC were
consistent with the study conducted by several authors worldwide (El-Said et
al., 2012; Iman et al., 2018; Honarmand Jahromy et al., 2018; Baron and
Rolain, 2018; Sanchez-Carbonel et al., 2021; EI-Mahdy and Mashaly, 2022)
who measured MICs for different MDR bacterial isolates in the presence and
absence of the efflux pump inhibitor carbonyl cyanide 3-
chlorophenylhydrazone and they showed the effect of CCCP was significantly
greater on intrinsically antibiotic-resistant bacteria (i.e. P. aeruginosa,
Acinetobacter baumanii, E. coli, K. pneumonia, Proteus spp., Serratia
marcescens, Morganella morganii and Providencia spp.) than on other

Enterobacteriaceae.
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Table (3-7): Minimum inhibitory concentration of levofloxacin and
isolates with and

Ciprofloxacin among PDR, XDR and MDR Enterobactriecae
without addition of the inhibitor (CCCP).

Antibiotic MIC (ng/mL) of | MIC (ng/mL)
: Levofloxacin of Levofloxacin
Isolates resistance Efflux pumps and and
enotype . .
patterns genotyp Ciprofloxacin Ciprofloxacin
Without CCCP With CCCP
E. coli-47 XDR 0QgxA >128 N.G*
E. coli-49 XDR 00XA >128 N.G
E. coil-63 XDR 0gXA >128 N.G
E. coli-66 XDR 0gXA >128 N.G
E. coli-78 XDR 00XxA >128 N.G
K.pneumoniae-3 PDR 0gXA > 128 N.G
*NG:

These results in (Table 3-7) showed the effect of the inhibitor in
reducing the MIC of
Enterobactriecae isolates. The results showed the MIC of Levofloxacin was

levofloxacin among PDR, XDR and MDR

reduced for XDR E.coli (5 isolates) and PDR K.pneumoniae (one isolate) and

inhibition of the growth in presence the inhibitor (CCCP). This results was

compatible with EI-Mahdy and Mashaly (2022) who revealed a decrease in

MICs for different MDR E.coli and K. pneumoniae isolates in the presence

and absence of the efflux pump inhibitor (CCCP).
Also, the results in the (Table 3-7) showed the effect of the inhibitor in
reducing the MIC of Ciprofloxacin among PDR, XDR and MDR

Enterobactriecae isolates. The results showed that the MIC of Ciprofloxacin

was reduced for E.coli (5 XDR isolates) and one PDR K.pneumoniae isolate,

and the results showed the disappearance of the bacterial growth in presence of

the inhibitor (CCCP). The decrease in MIC of the isolates were consistent with
the results obtained by EI-Mahdy and Mashaly (2022) who measured the MICs
for different MDR E.coli and K. pneumonia isolates in the presence and absence
of the efflux pump inhibitor (CCCP).
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The isolates that showed a decrease in MIC were consistent with the
studies conducted by (El-Said et al., 2012; Iman et al., 2018), who measured the

MICs for different MDR P. aeruginosa isolates in the presence and absence of
the efflux pump inhibitor. The result that showed a decrease in MIC are
consistent with the studies by (Sanchez-Carbonel et al., 2021) who measured
the MICs in clinical strains of Acinetobacter.baumannii isolates in the presence
and absence of the efflux pump inhibitor (CCCP) and they revealed that the
Isolates showed a decrease in MICs in the presence of the efflux pump inhibitor
(CCCP).

Table 3-8: Minimum inhibitory concentration of Gentamicin among PDR, XDR and MDR
Enterobactriecae isolates with and without addition of the inhibitor (CCCP).

Antibiotic MIC (ng/mL) of MIC (ng/mL) of

Isolates resistance Efflux pumps Gentamycin Gentamycin

patterns genotypes Without CCCP With CCCP
E.coli-47 XDR 0gXA >128 >128
E.coli-49 XDR 0gXA > 128 > 128
E. coil-63 XDR 0gXA > 128 > 128
E. coli-66 XDR 0gXA > 128 > 128
E. coli-78 XDR 0gXA > 128 > 128
K.pneumonia-3 PDR 0gXA >128 >128

Regarding the effect of the inhibitor in reducing the MIC of Gentamicin,
the results of the present study found that there was no reduction in the MIC of
Isolates for Gentamicin (Table 3-8) and all PDR, XDR and MDR Entero-
bacteriaceae isolates showed high MIC values (> 128 ug/ml) even in the
presence of the CCCP which indicates no effect the inhibitor in reducing the
MIC of the isolates for Gentamycin.

However, the results of the present study were inconsistent with the
results obtained by Honarmand Jahromy et al., (2018) who studied MIC of
amikacin and gentamicin before and after treatment by efflux inhibitor CCCP
and they found that lowest resistance to gentamycin (62%), and amikacin
(74.5%).
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Conclusion and Recommendations

Conclusions:
The present study concludes the following

1. High prevalence of efflux pumps gene (oxgA) was detected among MDR
and XDR Enterobacteriaceae isolates.

2. No isolates showed positive results for the efflux pumps gene (oxqB)

3. The efflux pump inhibitor (CCCP) has a positive effect and improves the
sensitivity of MDR isolates to Ciprofloxacin, levofloxacin but not
gentamicin.

4. The antibiotics resistance pattern PDR was only detected in Klebsiella
isolates, XDR was detected only in E. coli and Klebsiella. while MDR
was detected in all Enterobacteriaceae isolates except Proteus.

5. Enterobacteriaceae isolates resistance to flouroquinoloines more than
aminoglycosid,

Recommendations

The present study recommends the following

1. Further investigation of inhibitory effect of on (CCCP) all component of
efflux pumps gene expression and on all outer membrane protein gene
expression.

2. Study of the cytotoxicity and selectivity of the (CCCP)

3. Studying the inhibitory effect of natural products on efflux pumps gene
expression.

4. Studying the effect of the inhibitor (CCCP) on other types of gram
negativ bacteria.

5. Study the inhibitory effect of (CCCP) on susceptibility of other

antibiotics.
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Vitek (2) Reports:

Appendices (1)

bioMéricux Customer: Microbiology Chart Report Printed July 3. 2023 1:32:32 PM CDT
Patient Name: gasem 1. hadeel Patient 1D: 17620231
Location: Physician:
Lab 1D: 17620231 Isolate Number: [
Organism Quantity:
Selected Organism : Escherichia coli
Source: Collected:
Comments:
|Susceptibility Information _|Analysis Time: 873 hours [Status: Final |
Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
ESBL NEG - Imipenem >=16 R
+Amoxicillin R +Meropenem
Ampicillin >=32 R +Panipenem
+Piperacillin/Sulbactam R Amikacin <=2 S
Piperacillin'Tazobactam >= 128 R Gentamicin >= 16 R
Cefazolin >= 64 R +Isepamicin S
+Cefotetan +Tobramycin
Cefoxitin >= 64 R Ciprofloxacin >=4 R
+Cefoperazone Levofloxacin >=8 R
Ceftazidime >= 64 R +Sparfloxacin R
+Ceftizoxime Tigecycline <={.5 S
Ceftniaxone >= R Nitrofurantoin <=16 S
Cefepime >= 64 R Trimethoprim/ >= 320 R
Sulfamethoxazole
AES Findings |
Confidence: lCom'istcm

Page 1 of 1



oMéncux Customer: Microbiology Chart Report Printed July §, 2023 8:37:29 AM CDT
Patient Name: qusem 12, hadeel Patient 1D: 4720232
Location: Physicin;
Lab ID: 4720232 Isolate Number: |
Oxganism Quantity:
Selected Orguniam : Enterobacter serogenes
Source: Collected:
Comments:
[Susceptibility Information | Analysis Time: 947 hours [Status:  Final ]
Antimicrobial MIC | Interpretation Antimicrobial MIC | Interpretation
ESBL Imipenem <= 025 S
+Amoxicillia R +Meropepem S
Ampicillin +Panipencm
~Piperacillin/Sulbactam Amikacin <=2 S
PiperacilluyTazobe tun >= 128 R Gentanucin >= 16 R
Cefazolin e 64 R +Isepamicin S
~Cefotetan R +Tobramycin
Cefoxitin L3 *R Ciprofloxacin we d R
<~Cefoperazone Levoiloxacin >= 8 R
Ceftazidime = O R +Sparfloxacin R
+Ceftizoxime Tigecycline <= 0.5 S
Ceftnaxone = Od R Nitrofurantom <= 16 S
Cefepime e 64 R Trimethopriay >= 320 R
Sulfamethoxazole
Ertapenem <= 05 S
*= AES medified **= User modified
AES Findings l
Confidence: I(.‘mslw:nl

Page lof |



Appendices (2)

Antibiotic susceptibility profile of Enterobacteriaceae isolates to flouroquinoloines and
Aminoglygosides. using DDT results

1 E.coli-1 S S S S S S I S S
2 E.coli-2 S S S S S R S R S
3 E.coli-3 S S S S S S S S S
4 E.coli-4 S S S S S S R S S
5
6 E.coli-6 S S S S S S | S S
7 E.coli-7 S S S S S S R S S
8
9 E.coli-9 S S S S S R S S

10 E.coli-10 | S S S S R S S

11 E.coli-11 R | R S S S | S S

12 E.coli-12 S S S S S S S

13 E.coli-13 S S S S S S S

14

15

16

17 E.coli-17

18 E.coli-18

19

20

21

22

23

24

25 | Ecoli-25 |

26 | Ecoli-26 |

27

28 | Ecoir28 |R |[R |R |R |s v s s |

29 | Ecoiz9 [s |[R [s [s [s |s [|s [s |

30 E.coli-30 R S

31 E.coli-31 S R S S S S S

32

33

34

35

36 E.coli-36 S | S S S S S

37 E.coli-37 S S S S S R |




39 | E.coli-39 R R R R S R [ S XDR
40 | E.coli-40 R [ S S S S | S S

41 | E.coli-41 S S R S S S R S S

42

43

44

45 | E.coli-45 S S S S S R S S S

46 | E.coli-46 S S S R S S S S S

47 | E.coli-47 R R R R S R R S XDR
48

49 | E.coli-49 R R R R S R R S XDR
50

51 | E.coli-51 S S S S S S S S S

52

53

54

55

56 | E.coli-56 S S S S S S | S S

57 | E.coli-57 R R R R S R R S XDR
58 | E.coli-58 S S S S S S S S S

59 | E.coli-59 R R R [ S S S S S

60 | E.coli-60 R R R R S S S S S

61

62 | E.coli-62 R R R [ S S S S S

63 | E.coli-63 R R R R S R R S XDR
64 | E.coli-64 S S S S S S S S S

65 | E.coli-65 R R R R S R R S XDR
66 | E.coli-66 R R R R S R R | XDR
67 | E.coli-67 R R R [ S S S S S

68 | E.coli-68 R R R R S S S S S

69 | E.coli-69 R R [ S S S S S

70

71 | E.coli-71 R R [ R S S S S

72 | Ecoli-72 R R R R S R R S XDR
73 | E.coli-73 R R [ [ S S | S S

74 | E.coli-74 R R R R S R R S XDR
75 | E.coli-75 R R [ [ S S S S S

76 | E.coli-76 R R [ R S | S S S

77

78 | E.coli-78 R R R R R R XDR
79 | E.coli-79 S S S S S R | S S




81 E.coli-81 R R R R S R R S XDR
82 E.coli-82 R R R R S S R R XDR
83 E.coli-83 S | S S S S S S S

84

85 E.coli-85 R S R | S S R S

86 E.coli-86 R S S S S S R

87

88 E.coli-88 R I R I S S | S S

89

90 E.coli-90 S S S S R S R S S

91

92 E.coli-92 | S | S R R S S

93 E.coli-93 S S S S S S S |

94 E.coli-94 S S R S S S S |

118

119

120

121

K.P-24 R R R | R | R R XDR
Entero.spp S S R S S S S S S
-1
Entero.spp S S R S S S S S S

-3




122

123

124 | Entero.spp

-6

125

126

127 | Entero.spp
-9

128 | Proteus.sp
p-1

129 | Proteus.sp
p-2

130 | Proteus.sp
p-3

131 | Proteus.sp
p-4

132 | Proteus.sp
p-5

133 | Proteus.sp
p-6

134 | Proteus.sp
p-7

S S S | |
S R S | |
S S S S R
S S S S R
S S S S R
S S S S R
S S S S R
S S S S R
S S S S R

Total (134)

MDBR (48), XDR (17), IBBR (8), S (62)
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