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Ozet
Flurokinolon Direngli Enterobacterales izolatlarinda Coklu flag Direnci
Hafsa Igbal
Yuksek Lisans, Tibbi Mikrobiyoloji ve Klinik Mikrobiyoloji Anabilim Dah
Damisman: Do¢. Dr. Emrah Ruh

31 Ocak 2024, 57 sayfa

Amagc: Bu calisma, siprofloksasin direncli Enterobacterales izolatlarinda c¢oklu ilag
direnci (CID) oranlarinin incelenmesi ve olas1 risk faktorlerinin degerlendirilmesi
amaciyla yapilmstir.

Gere¢ ve Yontem: Calismada CID oranlarmin belirlenmesi igin toplam 73 izolat
calisildi. Bu bakteriler, Yakm Dogu Universitesi Hastanesi'ne kabul edilen hastalarmn
(n=46) ve toplumdaki bireylerin (n=27) diski 6rneklerinden izole edilmistir. Duyarlilik
testleri siprofloksasin (5ug), ampisilin (10pg) amoksisilin-klavulanat (30ug), sefotaksim
(30pg), seftazidim (30pg), sefepim (30ug), piperasilin-tazobaktam (110ug), gentamisin
(10ug),trimetoprim-sulfametoksazol (25ug) ve tigesiklin (15ug) antibiyotik diskleri
kullanilarak yapilmistir.

Bulgular: Toplam 73 drnekten 48 (65.7%)’inde coklu ila¢ direnci saptanmustir. CID
orani hasta grubunda 34 (73,9%) ve kontrol grubunda 14 (51,9%) olup, hasta ve control
gruplar1 arasinda istatistiksel bir fark saptanmamistir. Bu ¢alismada, yas (p=0,016) ve
egitim (p=0,049) CID ile iliskili olan faktorler olarak belirlenmistir.

Sonug: Bu calisma, siprofloksasine direngli izolatlar arasmnda CID oranmm yiiksek
seviyede oldugunu gostermektedir. Bu nedenle Kuzey Kibris'ta antibiyotik direnci
dikkatle incelenmelidir.

Anahtar Kelimeler: Enterobacterales, siprofloksasin direnci, ¢oklu ilag direnci.



Abstract
Multidrug Resistance in Fluoroquinolone-Resistant Enterobacterales Isolates
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31% January 2024, 57 pages

Aim: This study was conducted to search for multidrug resistance (MDR) rates in
ciprofloxacin-resistant Enterobacterales isolates and to evaluate potential risk factors.

Materials and Methods: A total of 73 isolates were studied in order to find the rates of
MDR in the study. The fecal samples of patients (n=46) hospitalized in the Near East
University Hospital, and also community members (n=27) were included in the study that
are our control samples. Antibiotic discs containing piperacillin-tazobactam (110pg),
gentamicin  (10pg), trimethoprim-sulfamethoxazole (25ug), tigecycline (15ug),
ampicillin  (10pg), amoxicillin-clavulanate (30pg), cefotaxime (30ug), ceftazidime
(30ug), and cefepime (30pg) were used in the susceptibility tests.

Results: Of the 73 samples, 48 (65.7%) were MDR positive. The rate of MDR was 34
(73.9%) in the patient group and 14 (51.9%) in the control group. In this study, age
(p=0.016) and education (p=0.049) were identified as the only significant factors
associated with MDR.

Conclusion: This study demonstrates that a high percentage of ciprofloxacin-resistant
isolates were MDR positive. Therefore, antibiotic resistance should be carefully
monitored in Northern Cyprus.

Keywords: Enterobacterales, ciprofloxacin resistance, multidrug resistance.
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CHAPTER |

Introduction

A vast order of diverse germs, or bacteria, known as Enterobacterales is
commonly responsible for infections in medical environments. Escherichia coli (E. coli),
and Klebsiella pneumoniae are two examples of Enterobacterales. As bactericidal
antimicrobial agents, fluoroquinolones prevent bacterial cells from replicating their DNA.
Resistance to fluoroquinolones is often caused by mutations in the DNA gyrase and
topoisomerase genes; in Gram-negative bacteria, GyrA mutations are the most common

mechanism.

Antibiotics are medications that are used to treat and prevent bacterial infections.
Bacteria become resistant to antibiotics when they become accustomed to their use.
Resistance to antibiotics is acquired by antibiotic-resistant microorganisms, not by
humans or animals. Antibiotic resistance is a condition when germs become resistant to

drugs intended to destroy them.

Multidrug-resistant organisms are bacteria that have become resistant to one or
more treatments, making them unable to be eliminated or treated by the medications.
Antibiotics are essential pharmaceuticals. MDR sometimes known as "superbugs,” are
resistant to several antibiotics due to one or more resistance mechanisms. In the instance
of cross-resistance, resistance to numerous antimicrobial drugs is conferred by a single
resistance mechanism. Multidrug-resistant organisms develop when antibiotics are
administered for longer than necessary or when they are not needed. It's possible that few
germs can resist antibiotic therapy at first. The more often antibiotics are used, the higher

the risk of developing resistant germs.

Bacteria are typically common multidrug-resistant organisms: Enterococci

resistant to vancomycin (VRE) resistant to methicillin Staphylococcus aureus.

With the exception of S. pneumoniae and H. influenzae, which cause respiratory
ilinesses, that are acquired in the community, studies on global surveillance indicate that
resistance rates to fluoroquinolones have risen recently in practically all bacterial species.

Nevertheless, first-level alterations resulting in low-level fluoroquinolone resistance were
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seen in 10-30% of these isolates. In Enterobacterales that cause intra-abdominal
infections and urinary tract infections, either acquired in the community or as a result of
medical care, fluoroquinolone resistance has grown and has reached 50% in certain
regions of the world, mostly in Asia. One to two thirds of Enterobacterales that

developed extended-spectrum B-lactamases had fluoroquinolone resistance.

Aim of the study

This investigation aimed to look into the multidrug resistance of fluoroquinolone-
resistant Enterobacterales by employing multiple antibiotic classes. This study assessed
socioeconomic factors in addition to potential risk factors linked to MDR, such as

epidemiology.
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CHAPTER 11
Literature Review
2.1. General Characteristics

An order of gram-negative, rod-shaped, facultatively anaerobic, non-spore-
forming bacteria is called Enterobacterales, that belongs to the class
Gammaproteobacteria. Enterobacter is the genus for this order. Members of the
Enterobacterales family are referred to as Enterobacteria because they are a natural
component of the intestinal flora and because they inhabit the intestines of both humans
and animals. Diarrhea is also a common side effect of certain species, as are urinary tract
infections. They have the ability to penetrate the bloodstream, which can be extremely
dangerous for survival (Ronald, 2003).

The broad order Enterobacterales contains a wide variety of bacteria that
frequently cause diseases linked to healthcare. Escherichia coli (E. coli) and Klebsiella
pneumoniae are two examples of Enterobacterales bacteria. The bacterium Klebsiella is
found in both people and the natural world. It typically exists in the human mouth and
intestine as part of the natural flora (Quereshi, 2018). Humans are K. pneumoniae's
primary reservoir, and infections with the bacteria are typically obtained in hospitals and
affect immune compromised individuals. Klebsiella species are rarely transferred through
contact with the skin; the population's transmission rates of K. pneumoniae are 5-38
percent in stool samples and 1-6% in the nasopharynx.

In 2020, the name "Enterobacterales™ was chosen to represent a new taxonomic
scientific order. The "Enterobacteriaceae" are now a family inside the order
"Enterobacterales," along with Erwinaceae, Pectobacteriaceae, Yersiniaceae,
Hafniaceae, Morganellaceae, and Budvicaceae.

Like other bacteria, Enterobacterales can become resistant to medicines,
especially carbapenem medications, which are used as a last resort when treating
organisms that are resistant to antibiotics. Enterobacterales are referred to as
carbapenem-resistant Enterobacterales (CRE) when they become resistant to the
carbapenem class of antibiotics. Since CRE do not react to common antibiotics, they are
challenging to treat. Sometimes CRE develop resistance to every antibiotic on the market.
The public's health is at risk from CRE.
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2.1.1. The Family of E. coli Bacteria

E. coli is a well-known member of the bacterial family Enterobacterales and a
member of the genus Escherichia. The term "etheric bacteria,” or bacteria that may thrive
in the gastrointestinal tract—which is made up of the digestive system's structures is
often used to describe Enterobacterales (oral cavity, oesophagus, stomach, intestines,
rectum and anus). Both aerobic and facultative anaerobic growths are possible in E. coli.
The Enterobacterales also includes Salmonella, Shigella, and Klebsiella. Salmonella and
Shigella are linked to food borne illnesses. UTIs can be brought on by Klebsiella.
Shigella and Salmonella are uncommon commensals, while Klebsiella and E. coli
are common.

Virulent strains of E. coli predominate. Nevertheless, some can result in intestinal
illnesses such as gastroenteritis, meningitis in infants, and urinary tract infections (UTISs).
Probiotic strains of E. coli exist as well; one such strain is the Nissle 1917 strain, which is
obtained from feces and is used to prevent disease. Avirulent and virulent strains are
distinguished by distinct genetic determinants; nonetheless, certain serotypes are more
pathogenic than others (Robbens et al., 2014).

2.1.1.1. Enteric E. coli

Enteric Escherichia coli, or E. coli, is a common human natural flora as well as a
serious disease that is responsible for a considerable amount of sickness and mortality
throughout the globe. Enteric E. coli are traditionally divided into six pathotypes, while
other pathotypes are frequently suggested. Enteropathogenic E. coli (EPEC), which can
be transmitted fatally, is the most frequent reason why children in developing nations get
diarrhea, according to Harry et al. (2004). Second, hemorrhagic colitis, also referred to as
bloody diarrhea, is brought on by Enterohemorrhagic E. coli (EHEC), and hemolytic
uremic syndrome (HUS), also known as non-bloody diarrhea. The third pathogen and the
main cause of diarrhea in travelers is entero-toxic E. coli, or ETEC. In impoverished

countries, it also makes youngsters sick with diarrhea.
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In addition, Entero-Aggregative E. coli (EAEC) is increasingly recognized as the
cause of persistent diarrhea in both industrialized and developing nations, having been
linked to multiple international outbreaks. Although entero-invasive E. coli (EIEC)
typically causes watery diarrhea, it can also induce dysentery and invasive inflammatory
colitis (Harry et al., 2004). And lastly, children older than 12 months old who have
diarrhea are affected by diffuse-adherent E. coli (DAEC) (CDC, 2020).

2.1.1.2. Meningitis/sepsis-associated E. coli

The primary cause of gram-negative meningitis in neonates is this particular
serotype of E. coli. Urine and feces can spread various E. coli strains that cause urinary
tract infections or intestinal infections. Disorders of the peripheral and central nervous
systems do not appear to offer any distinct advantages for the selection and dissemination
of highly pathogenic strains of MNEC (Morris, T. E., &Kahlmeter, G.,2023). The E. coli
that causes meningitis spreads through the circulation (CDC, 2012).

2.1.1.3. UTIl-associated E. coli

Urinary tract infections can be brought on by bacteria that enter the urethra from
external sources, such as the nearby anus. The bacteria that causes UTIs most frequently
is Escherichia coli, or E. coli. Although other bacteria can cause a UT], E. coli is the
primary culprit in about 90% of cases. Although Escherichia coli usually survive in the
human digestive system without harm, if it gets into the urinary tract, it can lead to severe
infections. The infection most likely starts when commensal flora and a uropathogenic
strain enter the gut (Rossen, J. W. A. 2021).

2.2. Antibiotics

Antibiotics are potent drugs that can save lives. They are used to treat bacterial
infections such as urinary tract infections and strep throat. However, they can have
negative side effects including diarrhea and are not appropriate for many illnesses.
Antibiotics can help you with as little danger as possible if you know when you need

them and how to take them correctly.
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Since they were first developed at a time when the only treatments for serious
bacterial infections were surgical drains or home remedies, antibiotics were initially
hailed as "miracle drugs"”. Trimethoprim and sulfonamides, penicillin, cephalosporins,
chloramphenicol, tetracyclines, colimycins, macrolides, lincosamides, streptogramins,
rifamycin, glycopeptides, aminoglycosides, fluoroquinolones, oxazolidinones,
glycylglycines, lipoglycopeptides, and variations on these medications have been

developed in the fifty or sixty years since their introduction.

Antibiotics are medications used to treat bacterial infections. They don't work
well against viral illnesses like the flu or the common cold. Microscopic microorganisms
called bacteria are present in your body, on your skin, and everywhere else. The majority
of germs are harmless to humans. Certain types (such as those on your skin or in your
stomach) support your overall health. However, some bacteria can cause illness, with

symptoms varying from a minor infection to a serious infection requiring hospitalization.

The population has a longer life expectancy and infectious diseases are under
control since the discovery of antibiotics. Antibiotics are crucial for this reason. They

frequently save lives and can make you feel better.

However, excessive use of antibiotics is not always a bad thing. When antibiotics
are used for conditions that don't require them, such as virus infections or minor bacterial
infections that would go away on their own, needless side effects might result, which
further exacerbates the worldwide issue of antibiotic resistance.

2.2.1. How do antibiotics work?

Antibiotics work by either completely eradicating or preventing bacterial
development. For example, antibiotics have the power to destroy bacteria by removing
essential elements like DNA or cell walls that are essential to their life. Antibiotics can
stop bacteria from growing by preventing them from producing specific proteins that are
required for them to proliferate. Most antibiotics that are used today are either natural
compounds themselves or are derived from them. They may, nevertheless, also include

artificial (lab-produced) materials. Using extracts from bacteria, animals, fungi, and
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plants, scientists are continuously investigating and creating novel antibiotics to combat

illnesses.

In 1941, Selman Waksman used the term "antibiotic” to refer to a tiny chemical
that a bacteria created to inhibit the growth of other organisms. The discovery of
penicillin, which is produced by a fungus, and the revelation that soil bacteria can
produce tetracycline, streptomycin, and chloramphenicol in 1945 marked the beginning
of the antibiotic era. These early antibiotics and the majority of their offspring are now
essentially worthless due to the development of antibiotic resistance in serious human

diseases, and the age of antibiotics is set to end if a replacement is not discovered.

Screening procedures are frequently used to find useful antibiotics. This kind of
screening involves the cultivation of isolates from a broad range of bacteria, which are
then screened for the production of diffusible chemicals that hinder the growth of the
organisms being tested. Antibiotics discovered by such screenings must be disregarded
because the vast majority of them are already well-known. The most promising
compounds can be filtered and possibly modified once the other antibiotics have been

tested for therapeutic action and selective toxicity.

Semi-synthetic synthesis is a prevalent method used in current antibiotic
manufacture. Antibiotics are produced semi-synthetically by combining natural
fermentation with laboratory processes to increase the antibiotic. The drug's own
effectiveness, the quantity of antibiotic generated, and its potency can all be maximized.
What you are trying to manufacture will depend on the medicine that needs to be made
and the antibiotic's final application. One novel molecule can be created by chemically
altering the active component of a naturally occurring antibiotic. Chemical modification
and improvement of a natural product yields novel antibiotics with increased therapeutic

efficacy.

2.2.2. The mechanism of action of antibiotics
Antibiotics cause disruptions to the fundamental structures or functioning of the
bacterial cell. This inhibits the growth of bacterium or eliminates it. An antibiotic is said

to either bacteriostatic or bactericidal based on these properties.
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The precise biochemical interaction via which a medicinal ingredient exerts its
pharmacological effect is referred to as the mechanism of action (MOA) in
pharmacology. A mechanism of action often describes the precise molecular targets, such
as an enzyme or receptor—that the medicine interacts to. Because of the unique activity
that occurs at receptor sites and the chemical makeup of the drug, medicines have a
particular affinity for certain receptor sites.

Drugs that do not attach to receptors nevertheless have therapeutic effects because
they interact with the body's chemical or physical makeup. Antacids and laxatives are
common examples of medications that function in this manner. The main mechanism of
action of antimicrobial medicines used to treat bacterial infections is often used to
categorize them. There are six main ways to go about things:

Impairment of cell wall synthesis

1. [Inhibition of protein synthesis

2. Impairment of nucleic acid production

3. Blocking metabolic pathway

4. Inhibition of membrane function

5. Blocking ATP synthase

Gram-positive bacteria have a thick or hard coating of polysaccharides called the cell
wall that surrounds their cytoplasmic membrane. An outer membrane is present in gram-
negative bacteria, which is a second lipid membrane, covering a thin layer of
peptidoglycan. The periplasmic membrane is the space between the cytoplasmic and
outside membranes. Gram-negative bacteria's outer membrane acts as an additional
barrier to keep a range of contaminants out. Contrarily, medications can flow through the

porins in this membrane.

2.2.2.1. Impairment of cell wall synthesis

The polymer of peptides and glycan called peptidoglycan is exist in the bacterial
cell walls. Two types of antibacterial drugs function by inhibiting or delaying the target
bacteria's cell wall union. Since creature cells lack cell walls, anti-toxins often target the

growth of bacterial cell walls, of which peptidoglycan plays a major role. The stability of
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the cell wall beneath depends on the peptidoglycan layer, which is the most distant and

crucial part of the wall.

The class of antimicrobial drugs known as f-Lactam anti-infection agents (beta-
lactam anti-microbials) is at the top and includes all anti-toxin specialists whose
subatomic designs have a B-lactam core. This includes monobactams, carbapenems,
cephalosporins (cephems), and subordinates of penicillin called penams. 3-Lactam anti-
microbials function by inhibiting the bacterial cell wall's peptidoglycan layer from
combining, making them bactericidal. PBPs, or penicillin-binding proteins, help with the
last stage of peptidoglycan synthesis. PBPs vary in their preference for limiting the use of
penicillin or other B-lactam antibiotics. B-lactamase, a substance that breaks down the j3-
lactam ring, is often combined by microbes to promote resistance against 3-lactam anti-
toxins. B-lactamase inhibitors, such as clavulanic corrosive, are frequently administered

with B-lactam anti-microbials to overcome this barrier.

Based on glycosylated cyclic or polycyclic non ribosomal peptides, glycopeptide
anti-toxins are an inferior class of antibacterial drugs that block cell wall union.
Vancomycin, teicoplanin, telavancin, bleomycin, ramoplanin, and decaplanin are
significant glycopeptide antibiotics. These medications block the formation of
peptidoglycan, which stops vulnerable microorganisms from developing cell walls. They
attach themselves to the cell wall's amino acids, stopping more units from sticking to the

peptidoglycan.

2.2.2.2. Inhibition of Protein Synthesis

The multitasking process of protein production involves structural interaction;
substances that hinder the processes involved in protein formation are known as
inhibitors of protein synthesis. The ribosomal level is where these inhibitors operate,
interfering with bacterial mMRNA translation into protein at various stages. They are very
specific to 70S ribosomes in prokaryotic cells since ribosomes are not the same in size,
sequence, structure, or protein/RNA ratios in eukaryotic cells. Prokaryotes use translation
to read nucleotide sequences by assembling a large (50S) and a small (30S) component to

build a ribosome that binds to the mRNA. During the initiation, elongation, and
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termination phases, tRNA attaches to the A, P, and E sites to translate the polypeptide
sequence. Antibiotics can be changed if resistance arises by focusing on distinct phases of

MRNA translation. The following protein synthesis inhibitors are listed:

e Aminoglycosides
e Tetracyclines

e Glyccycline

e Chloramphenicols
e Linezolids

e Kacrolides

e Ketolides

e Streptogramins

2.2.2.3. Metabolic Pathway Inhibitors

A class of antibiotics called "bacterial metabolic pathway inhibitors" targets the
biosynthesis of nucleic acids and amino acids. Tetrahydro folic acid (TH4) is an
important coenzyme required for the production of nucleic acids and certain amino acids
in all living species. The precursor that bacteria use to produce folic acid is called para-
aminobenzoic acid (PABA). Bacterial metabolism inhibitors change the metabolism of
bacteria by blocking the synthesis of TH4. Antibiotics that prevent the metabolism of
folate Sulfonamides, and their derivatives, work by preventing bacteria from synthesizing
folic acid. Since all bacterial species require folic acid production, sulfonamides are
broad-spectrum bacteriostatic antibiotics. Since human cells are unable to manufacture
folic acid, they are unaffected. Sulphonamide antibiotics have two main structural

features;

1. All sulfonamide antibiotics include a free aminobenzene ring (N4) at the para
position of the sulfonyl group.
2. A nitrogen ring with five or six members is frequently joined to sulfonylamino

(N1) in sulfonamide antibiotics.
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Sulfonamides and para-aminobenzoic acid (PABA), a crucial antecedent and
constituent of folic acid, are structurally identical. The making of folic acid (DHF)
involves two stages. Dihydropteroic acid is first produced when PABA combines with
the pteridine derivative. The reaction with glutamic acid comes next. The mechanism by
which sulphonamide antibiotics function is to impede the activity of dihydropteroate
synthase (DHPS), an enzyme that catalyzes the conversion of PABA and dihydropterin
pyrophosphate into dihydropteroate. Due to their structural resemblance, PABA and
sulfonamides engage in competition for binding to the enzyme's active site.

2.2.2.4. ATP Synthesis Inhibitor

ATP synthase is the primary source of cellular energy synthesis in all plants,
animals, and most microorganisms. Numerous diseases have been linked to ATP
synthase complex failure, and this enzyme can be targeted therapeutically to treat a wide

range of illnesses.

An enzyme that can convert adenosine diphosphate and inorganic phosphate into
adenosine triphosphate is known by the broad term ATP synthase. It's among the most
ancient and well-preserved enzymes. Membrane-bound transporters known as ATP
synthase molecules link the creation or hydrolysis of an ATP nucleotide with the passage
of ions across the membrane. It has a molecular mass of roughly 530 kDa overall. In the

F1, ATP is synthesized and hydrolyzed at three different catalytic sites.

2.2.2.5. Inhibition of nucleic acid inhibitors

Antibiotics can prevent the synthesis of nucleic acids. These antibiotics are known
as nucleic acid inhibitors. Quinolones are an important class of antibiotics that obstruct
topoisomerases, particularly topoisomerase I (DNA gyrase), an enzyme involved in
DNA replication, hence interfering with DNA synthesis. In the supercoiled turns of
closed circular DNA, DNA gyrase relaxes supercoiled DNA molecules, bridging
phosphodiester linkages and causing transient fractures. This makes it possible for DNA
or RNA polymerase to copy the DNA sequence. Levofloxacin, norfloxacin, and
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ciprofloxacin are a few examples of second-generation quinolones, often known as
fluoroquinolones, that are effective against gram-positive and gram-negative bacteria.
Prokaryotic and eukaryotic cells have topoisomerase; however, quinolones specifically
inhibit the bacterial topoisomerase Il. Anticancer medications like irinotecan and
etoposide, which are efficient inhibitors against mammalian topoisomerases, are used to

kill cancer cells.

2.2.3. Fluoroquinolones

A class of broad-spectrum systemic antibacterial drugs known as
fluoroquinolones are being used extensively to treat urinary and respiratory tract

infections.

Gram-negative and positive aerobic bacteria of various kinds are effectively
combated by fluoroquinolone. It is believed that they work by inhibiting type 1l DNA
topoisomerases, commonly referred to as gyrases, which are essential for bacterial DNA
transcription and replication. Their safety record is excellent and their ability to inhibit

the enzymes of their human hosts is minimal.

Fluoroquinolone prescriptions are used to treat a variety of bacterial infections,
such as typhoid fever, anthrax, bacterial gastroenteritis, urethritis, gynecological
infections, urinary tract infections, sepsis, and intra-abdominal infections. They can also
be used to treat infections of the skin, soft tissues, and joints, as well as a few other
infectious illnesses. Fluoroquinolones such ofloxacin, ciprofloxacin, gemifloxacin,
levofloxacin, moxifloxacin, and norfloxacin are readily available in the United States.
These drugs are very well absorbed, well tolerated, and hardly have negative side effects
when taken orally. The removal of several quinolones and fluoroquinolones, including
temafloxacin (1992), gatifloxacin (2006), and trovafloxacin (1999), occurred in response
to unprompted complaints of serious side effects, including hepatotoxicity. One in
100,000 people exposed to fluoroquinolones at this time are thought to have an

idiosyncratic liver damage.
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2.2.3.1. Mechanism of Fluoroquinolone Resistance

Resistance to fluoroquinolones arises from two primary mechanisms:

e modifications to target enzymes of drug and

e change in the accessibility of drug target enzyme.

Topoisomerase 1V mutations and DNA gyrase mutations are two categories for
alterations in medication target enzymes. The proportional influence of these changes on
the emergence of fluoroquinolone resistance varies depending on the kind of bacteria

(Gram-positive or Gram-negative).

2.2.3.2. Fluoroquinolone Generations

From their antibacterial spectrum, quinolones can be categorized into generations.
There are no set standards for classifying medications into different generations, despite
the fact that they frequently have a more limited range of action than more recent drugs.
For all intents and purposes, only the first-generation group of non-fluorinated medicines
(quinolones) meets the universal criteria. Consequently, depending on the author's
approach, the literature has significant variances. First generation is used rarely.
Medications including ciprofloxacin, levofloxacin, and moxifloxacin are frequently

prescribed. Flumequine has further uses in veterinary medicine in addition to these.

There are several first-generation drugs that are structurally related, but formally
4-quinolone is not included: * Cinoxacin * Nalidixic acid * Piromidine acid ¢ Pipemidic

acid

Second Generation. There are instances when type 1 and type 2 fluoroquinolones are
distinguished. nadifloxacin, norfloxacin, ofloxacin, pefloxacin, rufloxacin, ciprofloxacin,
fleroxacin, lomefloxacin, and rufenloxacin. Enoxacin is a second-generation medication
that shares structural similarities with 4-quinolones but is not recognized as one.

Third Generation. The third generation, in contrast to the first and second, is active
against streptococcus. Third-generation fluoroquinolones include levofloxacin,
temafloxacin, grepafloxacin, pazufloxacin, sparfloxacin, and balofloxacin.. Tosufloxacin

(Ozex, Tosacin) is a third-generation medication that shares structural similarities with 4-
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quinolones but is not recognized as one.

Fourth Generation. Fourth-generation fluoroguinolones have an impact on
topoisomerase IV and DNA gyrase. Resistance builds more slowly as a result of this dual
action. Clinafloxacin, gatifloxacin, moxifloxacin, sitafloxacin, prulifloxacin, besifloxacin,
and delafloxacin are among the fluoroquinolones in the fourth generation. Some third-

generation drugs that are structurally related but are not 4-quinolone drugsare

« Trovafloxacin and Gemifloxacin (discontinued in clinical use)

Table 2.1 Generations of Fluoroquinolones and their Antibiotics*

Generations Quinolone Antibiotics

First Generation Nalidixic acid, cinoxacin, flumequine, oxolinic acid, piromidic acid,

pipemidic acid, rosoxacin

Second Generation Lomefloxacin, norfloxacin, ciprofloxacin, ofloxacin, fleroxacin,

pefloxacin, rufloxacin

Third Generation Levofloxacin, sparfloxacin, temafloxacin, grepafloxacin, balofloxacin,

pazufloxacin, tosufloxacin

Fourth Generation Moxifloxacin, gemifloxacin, trovafloxacin, gatifloxacin, clinafloxacin,

garenoxacin, sitafloxacin, prulifloxacin, finafloxacin

Some fluoroquinolones and their mechanisms of action are discussed separately below;

Ciprofloxacin. A common second-generation fluoroquinolone antibiotic used to
treat mild to moderate respiratory and urinary tract infections brought on by susceptible
bacteria is ciprofloxacin. Ciprofloxacin has been linked to a few, credible reports of liver
damage that could be fatal or extremely serious. Ciprofloxacin is an antibiotic that
belongs to the fluoroquinolone class and has bactericidal properties. It stops DNA
replication by inhibiting bacterial DNA topoisomerase and DNA gyrase. Ciprofloxacin,
which includes Enterobacterales like Escherichia coli, Salmonella spp., Shigella spp.,
and Neisseria, is the most effective fluoroguinolone against gram-negative bacilli.
Certain gram-positive bacteria can also be effectively combatted by ciprofloxacin.

Ciprofloxacin has the strongest anti-Pseudomonas aeruginosa activity among the
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quinolones. P. aeruginosa susceptibility has been steadily shown to decrease in hospitals
and nursing homes where risk factors are known, namely in Europe, North America, and
South America. One of the few oral medicines that can be used to treat P. aeruginosa
infections is ciprofloxacin. Ciprofloxacin's actions vary with concentration; at low levels,
it solely inhibits topoisomerase (I1). When given at high quantities, it can also induce

topoisomerase (1V) (Laponogov et al., 2009).

The infection that this medication is intended to treat also dictates its primary
target. Drugs target topoisomerase (V) in cases where gram-positive bacteria are the
source of the infection; topoisomerase (I1) is the target in cases where gram-negative
bacteria are the cause. The infection that this medication is intended to treat also dictates
its primary target. Drugs target topoisomerase (IV) in cases where gram-positive bacteria
are the source of the infection; topoisomerase (I1) is the target in cases where gram-

negative bacteria are the cause.

Levofloxacin. Levofloxacin is an antibiotic belonging to the fluoroquinolone
class that has the ability to directly prevent the synthesis of bacterial DNA. By blocking
DNA gyrase in organisms that are susceptible, levofloxacin encourages breaks in DNA
strands by preventing supercoiled DNA from relaxing. Levofloxacin is the
fluoroquinolone that is most active against Streptococcus pneumoniae and other
penicillin-sensitive and resistant Gram-positive bacteria. In comparison to ciprofloxacin,

it is less active against Pseudomonas aeruginosa and other Gram-negative bacilli.

Levofloxacin is a successful treatment for other common respiratory pathogens,
including Haemophilus influenzae, Moraxella catarrhalis, Legionella spp., Mycoplasma
spp., and Chlamydia pneumoniae. As a second-line anti-tuberculosis treatment,
levofloxacin is chosen above other fluoroquinolones due to its better in vitro action
against tuberculosis Mycobacteria. Globally, there is increasing worry over
fluoroquinolone resistance, which can result from plasmid-mediated or chromosomally

encoded processes.

Ofloxacin. The inhibition of bacterial DNA gyrase is the principal method of
action of the fluoroquinolone ofloxacin. It has a wide spectrum of action in vitro against

aerobic gram-positive and gram-negative bacteria; however, its efficacy against anaerobic
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bacteria is limited. Unlike the majority of other broad-spectrum antibiotics, ofloxacin is
able to be given intravenously or orally. It is quite efficient in penetrating bodily fluids

and tissues. Ofloxacin has been shown in clinical trials to be useful in treating a range of
infections, both oral and intravenous, and is frequently just as successful as conventional

therapies in these cases.

Compared to other fluoroquinolones currently on the market, ofloxacin is less
likely to result in medication interactions that are clinically relevant and is well tolerated.
For this reason, ofloxacin offers a useful oral treatment (with the possibility of
intravenous administration if necessary) for a range of clinical infections, but it is
especially beneficial in these infections. infections that are more severe or persistent
when reliant on traditional medicine. Typically, a broad-spectrum injectable medicine is

needed, which lowers expenses and makes outpatient therapy even easier.

Ampicillin. Ampicillin, commonly known as extended-spectrum penicillin, is an
aminopenicillin that was created as a semisynthetic f-lactam antibiotic that works against
both Gram-positive and Gram-negative bacteria. By attaching penicillin to an amino
group or side chain, it becomes aminopenicillin. The drug's effectiveness against specific
bacteria is markedly changed by the addition of side chains. At first, Proteus mirabilis, E.
coli, Shigella, Salmonella, Hemophilus, and Neisseria species were all successfully
combatted by these antibiotics. However, unless culture and sensitivity data showed no
sensitivity, ampicillin is no longer the antibiotic of choice in the treatment of certain
polymicrobial diseases, due to changes in susceptibility.

Ampicillin functions by binding to penicillin-binding proteins (PBPs), preventing
the synthesis of peptidoglycans in cell walls, and deactivating inhibitors that bind to
autolytic enzymes in order to obstruct the formation of cell walls.

Piperacillin/tazobactam. Extended-spectrum penicillin derivative; f-lactamase
inhibitor (tazobactam). By attaching itself to the membranes of bacteria, piperacillin
prevents the formation of cell walls. Bacterial beta-lactamase is neutralized by
tazobactam. For susceptible bacteria, piperacillin has bactericidal properties. Tazobactam
increases the range of action, inhibits bacterial growth, and shields piperacillin from

enzymatic breakdown.
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Cefepime. Cefepime functions similarly to other beta-lactam antibiotics.
Cefepime binds covalently to the enzymes that catalyze the last metabolic stage of
peptidoglycan production, thereby inhibiting the growth of bacterial cell walls. The
binding leads to defects in the cell wall, which in turn cause autolysis and eventually kill
the organism. Compared to third-generation cephalosporins, cefepime is more stable
against beta-lactamases and has a higher coverage of Gram-negative bacteria through a

number of methods.

Penicillin-binding enzymes' decreased affinity for cefepime is one of these ways.
The presence of a side chain substitution in the chemical structure, which sets it apart
from previous generations and increases its effectiveness against staphylococcal species,
is another factor. Cefepime's gram-negative coverage is greater than that of the third
generation because it is a zwitterion, which has the benefit of allowing gram-negative

bacteria to enter the cell wall more quickly.

Gentamycin. One type of aminoglycoside antibiotic is gentamycin. Gentamicin is
a great choice for treating a number of common infections since it demonstrates
bactericidal action against aerobic gram-negative bacteria. Systemic, topical, and ocular
forms of gentamicin are commonly administered parenterally due to their low absorption
from the gastrointestinal tract. The aminoglycoside antibiotic gentamicin has bactericidal
properties. Through an oxygen-dependent active transport mechanism, gentamicin
penetrates gram-negative membranes. Anaerobic bacteria cannot be killed by

aminoglycosides since they require oxygen to survive.

Like all aminoglycosides, gentamicin possesses deadly action that varies with
concentration. Greater antibiotic killing is correlated with higher concentrations. Because
of these factors, during systemic usage, doctors should regularly monitor peak and trough
levels. Furthermore, studies have shown that aminoglycosides have a synergistic effect
on gram-positive bacteria when taken in combination with other medications, however

the exact mechanism is yet unknown.

Tigecycline. Tigecycline is a bacteriostatic glycylcycline antibiotic that is
delivered parenterally. It is structurally similar to tetracycline, but it has a binding affinity

that is five times stronger. Tigecycline binds reversibly to the helical region (H34) on the
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30S subunit of the bacterial ribosome, where it inhibits peptide chain elongation, or
bacterial protein translation. Like other tetracyclines, this one acts in a similar way. By
preventing amino acid residues from being incorporated into peptide chain elongation,
tigecycline binding inhibits peptide synthesis and bacterial growth. The incorporation of a
glycyclamide moiety at position 9 of minocycline enabled the development of
tigecycline, which was intended to circumvent important molecular processes of
tetracycline resistance, including the acquisition of tetracycline-specific efflux pumps
[tet(A)], as well as the defense of ribosomes [tet(M)].

Sulfamethoxazole. Sulfamethoxazole is a sulfonamide that, because of its
structural resemblance to the natural substrate, para-aminobenzoic acid (PABA), inhibits
the synthesis of dihydrofolic acid by bacteria. Unlike animals, which need external
sources of folic acid, the majority of bacteria obtain the nutrient they need by
synthesizing it from PABA. The enzyme responsible for the bacterial conversion of
PABA to dihydrofolic acid is called dihydropteroate synthase, is competitively inhibited
by sulfamethoxazole. The production of tetrahydrofolate is inhibited, which ultimately

stops the creation of bacterial purines and DNA and has a bacteriostatic effect.
2.2.4. Antibiotic Screening Tests

To find the right antibiotic for a specific bacterial strain isolated from a clinical

sample, disc diffusion antibiotic susceptibility testing is carried out.
2.2.4.1. Disk Diffusion Test

The technique most frequently employed in labs to assess a bacterial isolate’s
antibiotic susceptibility. This technique involves inoculating agar plates containing a
culture of the bacteria to be tested with portions that have been impregnated with an
antibiotic at a specified concentration. For 18 to 24 hours, the plate should be incubated
at 37°C. The concentration of antibiotics usually stays high close to the antibiotic disc
after diffusion, but it gets lower as one gets farther away. The zone of bacterial growth

inhibition surrounding the disc is measured to ascertain an antibiotic's susceptibility.

Medium Selection. To determine if bacteria are susceptible to antibiotics, a
medium that both supports the test and control strains of bacteria is selected. For instance,
blood agar is used to test for Streptococcus and Enterococcus species, and Mueller-



30

Hinton agar is used to screen for staphylococci and Gram-negative bacteria. Chocolate
agar is used for H. influenza and for sulfonamides and cotrimoxazole, use Wellcoat test

medium.

To prepare the medium, pour it over a 100 mm Petri dish's flat horizontal surface,
filling it up to a 4 mm depth. The pH of the medium is kept between 7.2 and 7.4.
Tetracyclines, novobiocin, and fusidic acid exhibit increased activity at alkaline pH
values, whereas macrolides, including aminoglycosides and erythromycin, exhibit
decreased activity at acidic pH values. Plates can be kept for up to a week at 4 °C after

preparation.

Preparation of Inoculum. On solid media, bacteria are first isolated and grown
in pure culture. Incubate for four to six hours at 37°C after inoculating the appropriate
culture media and contacting three or four morphologically identical colonies of the
bacteria to be studied. By comparing the bacterial suspension’s turbidity in the broth to
that of a standard tube with 0.5 McFarland opacity, the density of the suspension is
adjusted to 1.5x10 8 CFU/ml. Distribute the culture throughout the medium to inoculate
it by using a sterile cotton swab. Extra broth can be eliminated by submerging a sterile
cotton swab in the soup and rotating it on the tube's side above the liquid level.

Antibiotic Disc. Antibiotic susceptibility testing tests only for clinically relevant
antibiotics. Antibiotic discs of 6 mm filter paper can be made in the laboratory from pure
antimicrobial agents or purchased commercially. Apply the disk to the surface of the
medium using sterile tweezers, a dispenser or a sharp needle to coat it with the test
bacterial strain, place the plate in an aerobic environment at 37°C for 18 to 24 hours and

then record the reading.

2.2.4.2. Types of disc diffusion tests

The following categories of disc diffusion tests exist:

1. Kirby-Bauer disc diffusion method
2. Stokes disc diffusion method.
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1. Kirby-Bauer disc diffusion method

The Kirby-Bauer test, which is commonly used to determine a bacteria’s sensitivity or
resistance to multiple antibiotic drugs, uses Mueller-Hinton agar. Being a non-selective
and non-differentiating medium, Mueller-Hinton agar can be used to cultivate a wide
range of microorganisms. This is a "loose" agar that helps control the diffusion rate of
antimicrobial agents more effectively than other types of media. Wipe the bacteria onto
the agar and place the antibiotic disc on top. Antibiotics diffuse from the disk into the
agar and decrease with distance from the disk. Antibiotic concentrations have the effect
of killing or inhibiting bacteria, which leads to NO growth in the surrounding areas of the
disc. We refer to this as the inhibitory zone. The size of the zone is searched on a
standardized chart, giving results of "susceptible,” "resistant,” or "intermediate.” The

Kirby-Bauer test uses Mueller-Hinton medium, which has a high protein content.
2. Stokes Method

This method has numerous variables under built-in control. This technique
involves dividing a Petri dish with Mueller-Hinton agar into three horizontal sections.
Arrange the test strain in the center of the plate, and the control strain in the upper and
lower thirds. Using the modified Stokes method, the test strain is injected into the upper
and lower thirds of the plate, and the control strain is injected into the center of the plate.
Examine the area of bacterial inhibition surrounding the disc after incubating the plate at
37°C. A 100 mm Petri dish can hold up to 6 antibiotic discs.

In the disc diffusion test, an antibiotic-carrying disc (shown as a white disc) is
introduced to a plate of solid growth media containing bacteria. A region of clear medium
surrounding the disc, formed by the bacteria expanding overnight, suggests that the
antibiotic is preventing the bacterium from multiplying. The farther you are from the
infection source, the less antibiotic concentration diffuses into the media. Consequently,
the larger the clear space free of bacteria that grows around the antibiotic-containing disc,

the more vulnerable a bacterium is to that particular antibiotic.

Interpretation of Disc Diffusion Tests. The interpretation of disc diffusion test

results, including Kirby-Bauer and Stokes, is as follows:
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e Sensitive (S): Infections should be treated with normal doses of antibiotics.
e Moderate (I): More dosages may be effective in treating infection.

e Resistance (R): May not respond to normal doses of antibiotics.

Alternative Methods

Many variations of the disc diffusion method have been developed, including the
E-test and Oxford penicillin cup procedures used in hospital diagnostic laboratories, the

well diffusion method, the cylinder diffusion method, and bio-autography techniques.

Oxford Penicillin Cup Method. The bacterial flora on the agar surface is
inoculated with antibiotic-containing discs, and the plate is then incubated. From the edge
of the disc to the edge of the free zone, the zone size is calculated. Interpretation becomes
more challenging in populations with mixed susceptibility. These are represented as
squared distances or linear dimensions as a function of the antibiotic concentration in the
slice's natural logarithm. The intercept is the logarithm of the minimum inhibitory
concentration (MIC), which is determined from the zero point of a linear regression fit
across the data. Each antibiotic's diffusion coefficient in the agar determines the

regression line's slope.

2.2.5. Multidrug Resistance

The antimicrobial resistance that a microbiological species displays to one or
more antimicrobial drugs from three or more antimicrobial categories is known as
multidrug resistance. Multidrug-resistant bacteria are those that do not respond to
treatment with more than one antibiotic (MDRO). There are different types of multidrug-
resistant (MDR), eXtensive drug-resistant (XDR), and pan-drug-resistant (PDR) bacteria
that have been used in the literature to describe the varied resistance tendencies identified
in antibiotic-resistant bacteria linked with healthcare settings. Extensive antibiotic
resistance, or XDR, refers to bacterial isolates that are only susceptible to one or two
antibacterial groups which is characterized as not being susceptible to any antibiotic in
any category other than two or fewer. Pan-drug resistance (PDR) is the inability to

respond to any medication across all antimicrobial classes.
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Vancomycin-resistant Enterococcus species (VRE), Methicillin-resistant
Staphylococcus aureus (MRSA), Carbapenemase producing Enterobacterales and
extended-spectrum beta-lactamase (ESBL) producing gram-negative bacteria are among
the most prevalent MDROs.

Mechanisms of Multidrug Resistance

Bacteria can become resistant to various drugs by accumulating genes on
resistance plasmids (R) or transposons that encode resistance to individual drugs, or by
accumulating different kinds of multidrug efflux pumps. It occurs through action. Any
drug present can be pumped out. The current situation poses the greatest concern due to

the rise in MDR bacteria and the shortage of new antibiotics that can eradicate them.

The primary goal of research at this time is to develop novel treatments for such
MDR. The WHO's publication of a list of all fatal MDRs resistant to all known

treatments was the most significant move in this direction.

Additionally, WHO calls on all countries to develop new drugs and other
treatments to successfully combat MDR. According to WHO, several new treatments for

such MDR are urgently needed.

Vancomycin-resistant Enterococcus faecium (VRE), methicillin-resistant
Staphylococcus aureus (MRSA), and B-lactamase-resistant Streptococcus pneumoniae are
the three primary Gram-positive bacteria associated with multidrug resistance in these
lethal infections. Numerous differences exist between the composition of the cell walls of

Gram-positive and Gram-negative bacteria.

Gram negative bacteria do not have an LPS coating on their cell membranes, but
Gram-positive bacteria do have a thick peptidoglycan layer protecting them from the
damaging effects of the environment. The two fundamental kinds of gram-positive
bacteria that are primarily recognized are cocci (like Staphylococcus) and bacilli (like
Bacillus). Furthermore, lengthy anionic polymers, teichoic acids, membrane proteins that
permit the entry and exit of different molecules, and capsular polysaccharides covalently

connected to peptidoglycan are present in Gram positive bacteria.
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Antibiotic resistance in Gram positive bacteria arises from two major pathways.

Among them are:
« the B-lactamases enzymes release in the breakdown of antibiotics by enzymes.

* via lowering the sensitivity and affinity of the target site, such as PBP (penicillin
binding protein), either through mutations in native PBP genes or through the acquisition

of exogenous DNA.

There are different types of antibiotic resistance, the mechanisms of which are
explained below.

Restriction of Antibiotic Entry. Antibiotics spread within cells through the
appearance of mutations in genes that specifically encode outer membrane porin proteins,
resulting in changes in the less permeable porin mutant OMPK36 in Klebsiella
pneumoniae. Down regulation of major porin proteins or recruitment of the plasma
membrane by selected alternative protein channels reduces membrane permeability to

antibiotics in some bacteria, such as Escherichia coli and Acinetobacter.

Combinations of various Chromosome- and Plasmid-associated Efflux Pump
Genes. Powerful efflux pumps remove numerous antimicrobial agents from cells. Their
over expression allows resistance to previously effective antibiotics, like the MDR efflux

pumps seen in Escherichia coli and Pseudomonas aeruginosa.

Antibiotic Target Mitigation and Protection. Antibiotics can have their binding
affinity decreased by moving the target. It is well known that K. pneumoniae and
Staphylococcus aureus are resistant to linezolid. The allele encoding the ribosomal 23s
rRNA subunit is mutated to accomplish this. Erythromycin ribosomal methylases and its
family of enzymes methylate the binding sites of medicines, including macrolides,

lincosamines, and streptogramins, causing the development of drug resistance.

Using the enzyme chloramphenicol-florfenicol resistance methyl transferase,
A2503 in 23s rRNA can have CH3 incorporated into it to confer resistance to a number
of different drug groups, including penicillin, proiromutilin, lincosamide, and

oxazolidone. The genetic basis of methicillin resistance in Staphylococcus aureus has
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been identified as chromosomal mec A. PBP2a, a single binding protein with a decreased

affinity for B-lactam antibiotics in general, is encoded by this chromosome.

Antibiotic Resistance by Hydrolytic Enzymes. Chromosome detection is the
means by which resistance is attained, and plasmid-mediated encoded genetic enzymes
are employed to identify antibiotics, such as -lactamases, which comprise
cephalosporinase, which breaks down cephalosporins, and penicillinase, which only
breaks down penicillin. It inactivates phosphorus and aminopenicillin and is degraded by
proliferation. Total B-lactam digestion is significantly aided by p-lactamases, whereas

carbapenemases and carbapenems inactivate total 3-lactamases.

Mitigating Antibiotic Resistance. Antibiotic detection of genetic enzymes is
rendered ineffective by the addition of active functional groups. For instance,
phosphorylation results in the nucleotidylation, acetylation, and acetylation of -OH and
CO-NH groups by acetyl transferases, phosphor transferases, and nucleotidyl
transferases, which causes the microaerophilic Gram-negative bacterium Campylobacter

coli (E. coli) to be resistant to aminoglycolides.

2.2.6. Fluoroquinolone-resistant in the Salmonella genus

Salmonella, or gram-negative bacteria, are classified into two types: typhoidal and

nontyphoidal, both of which are harmful to humans.

The use of FQ-ciprofloxacin with the third-generation cephalosporin ceftriaxone
was prompted by reports of Salmonella MDR for ampicillin, chloramphenicol, and
sulfamethoxazole; nevertheless, resistance to the medication quickly emerged. This has
been mentioned as one of the primary causes for the World Health Organization's 2017
classification of his FQ-resistant Salmonella as a pathogen significant for the creation of
novel antibiotic mutations in the quinolone resistance-determining areas of the
chromosomal Gyr and Par genes have been shown to be the cause of quinolone
resistance. This results in a lower affinity of quinolénes for binding to the enzyme

topoisomerase.
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Plasmid-mediated quinolone resistance (PMQR) is an additional technique that is
worth mentioning. Thus, genes like Qnr offer physical protection, the Aac-60-Ibcr gene

lessens the action of FQ and ogxAB and gepA encode the quinolone efflux pump.
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CHAPTER 111

Materials and Methods

3.1. Participants and Study Design

Samples from earlier research projects conducted by different teams were
employed in the microbiological examination. The first group (n = 46) consisted of
patients who had been hospitalized to Near East University Hospital; the controls (n =
27), on the other hand, were individuals who had not been admitted during the six months
before to the study. This study was ethical approved, and the approval for the study was
achieved from Near East University Ethics Review Board (Project no: YDU/2019/65-
717).

3.2. Samples, Data of Participants, and Isolated Bacteria

Bacterial were isolated from stool samples collected from participants for this
investigation, one sample per person. During stool collection, a survey was carried out to
look at a number of variables related to the spread of bacteria resistant to antibiotics.
These variables include intensive care, hospitalization, GIS, history of antibiotic usage,
diarrhea, UT]s, travel to other countries, and socioeconomic variables like age, gender,

education, and marital status.

A number of hospital-related factors (such as antibiotic use, surgery, unit stays, and
urinary catheters) exist. A phenotypic confirmation test employing the mixed disc
approach was previously used to evaluate ESBL production. Isolates of Enterobacterales
that were also shown to produce ESBLs were kept in stock medium from earlier research
at -20°C.

3.3. Purification and Isolation of Bacterial Isolates

In order to purify ciprofloxacin-resistant isolates, Eosin-Methylene Blue (EMB)

medium was inoculated for 24 hours at 37°C. Sterile 0.9% NaCl was used to create a
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standard 0.5 McFarland suspension from bacterial colonies that were collected on culture
media plates. Next, using a sterile cotton swab, each bacterial suspension was moved to

Mueller-Hinton medium.

3.4. Multidrug Resistance Determination

In this research study, different classes of antibiotics were tested to determine the
MDR of bacterial isolates. | have tested 8 different drugs (5 classes) of throughout my
career so far. Antibiotics included amoxicillin-clavulanic acid (AMC: 30 pg),
piperacillin-tazobactam (TPZ: 110 pg), cefepime (FEP: 30 pg), ciprofloxacin (CIP: 5 pg),
trimethoprim-sulfamethoxazole (SXT: 25 pg), gentamicin (CN: 10 pg), ampicillin (AMP:
10 pg) and tigecycline (TGC: 15 pug) was evaluated (using the disk diffusion test method)
against Enterobacterales.

After growing the bacteria on EMB agar the previous day, use a cotton swab to
transfer the bacterial isolates to Mueller-Hinton agar, ensuring that the entire surface or
agar is covered with bacterial isolates. After that, incubate the plate for 24 hours at 37 °C
with the antibiotic disc on top of the agar. You can put three or four antibiotics on the
plate, but make sure to a distance of 2 cm is required between the objects. The inhibition
zones of <13 for AMC and AMP; <21 for CIP, <10 for SXT, <14 for CN, <18 for
cefepime, <20 for TPZ and <14 for TGC were all observed as resistant. The antibiotic's
inhibition zone diameter was then measured (in millimeters mm) and evaluated in
compliance with the recommendations and from the Clinical and Laboratory Standards
Institute (CLSI, 2023) except tigecycline that was evaluated according to the Food and
Drug Administration (FDA) guidelines.
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Table 3.1. Antibiotics’ inhibition zone diameter by CLSI, 2023 (except tigecycline)

Antibiotics Susceptibility Intermediate  Resistance
(S (N (R)
Ciprofloxacin 5 pg >26 21-30" <21
Ampicillin 10 pg >17 14-16" <13
Trimethoprim- 25 pg >16 11-15 <10
sulfamethoxazole
Gentamicin 10 pug >18 15-17 <14
Cefepime 30 pug >25 19-24 <18
Piperacillin- 110 pg >25 21-24 <20
tazobactam
Amoxicillin- 30 g >18 14-177 <13
clavulanate
Tigecycline* 15 pg >19 15-18 <14

* Tigecycline was evaluated according to the FDA guidelines.

3.5. Statistical Analysis

For every variable in the survey, descriptive statistics were acquired. The
frequency and percentage of the categorical data were given, and for the continuous
variables, the arithmetic mean, standard deviation, median, minimum, and maximum
were calculated. The Pearson Chi-square or Fisher's exact test was performed, depending
on sample size, to look at the relationships between categorical data. Every statistical
calculation was performed using the Macintosh version 2.3.21.0 of the Jamovi statistics
program. A 0.05 level of significance was selected.
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CHAPTER IV

Results

4.1. The Study Population

Data from many patients was gathered for the earlier investigations. A total of 73
volunteers enrolled 27 members of the public and 46 patients from the Near East
Hospital. 46 (63%) and 25 (34.2%) of the 73 samples in total were male. 47.54 +20.63
was the mean age and 47 (19.00-86.00) was the median age.

Moreover, participants were categorized by age, education and marital status.
According to age, they are arranged into two groups; age 19 to 40 were 32 (43.8%) while
the age 41 and above were 41 (56.1%) participants. Education indicates that there are 50
people in the group with a high school diploma or less, and 23 people with a university
degree or more. Of the 48 participants, 48 were married, and the remaining 22 were

single and three were widows.

4.2. Distribution of Species and Antibiotic Susceptibility Data

Among all the samples, E. coli (n=68/73; 93.1%) was the predominant species
and then Proteus mirabilis (1/73; 1.3%) while 4 isolated are unidentified.

The predominant species in all of the samples is E. coli, and not a single one of
them responded to any of the many antibiotic classes that we tested. All the 73 isolates
show high resistant rate against ciprofloxacin that’s the highest rate against all the
isolates tested. While 40 isolates are resistant against AMC, 45 isolates are resistant
against AMP. The antibiotic that is resistant to least numbers of isolates are TPZ (5

isolates) and TGC (3 isolates). Here are the results we got from our evaluations.
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Antibiotics

Susceptible (S)
n (%)

Intermediate (1)
n (%)

Resistant(R)
n (%)

Ciprofloxacin

Ampicillin
Amoxicillin-clavulanic acid
Piperacillin-tazobactam
Gentamicin
Trimethoprim-
sulfamethoxazole
Tigecycline

Cefepime

0(0.0)
25 (34.2)
19 (26)
61 (83.5)
39 (53.4)
32 (43.8)

59 (80.8)
43 (58.9)

0(0.0)
3(4.1)
14 (19.1)
7 (9.6)
13 (17.8)
3(4.1)

11(15)
16 (21.9)

73 (100)
45 (61.6)
40 (54.7)
5 (6.8)
21 (28.7)
38 (52)

3(4.1)
14 (19.1)

4.3. Frequency of MDR Bacteria

As far as we are aware, microorganisms that exhibit resistance to three or more

types of antimicrobial medicines are considered multidrug resistant. Following analysis,

it was discovered that 48 (65.7%) of the isolates tested positive for MDR. The numbers

of MDR are 34 and 14 in patient and control samples respectively. The rates of MDR
were 73.9% (n=34/46) in patient group and 51.9% (n=14/27) in control group. The

difference of MDR rates between patient and control samples are not statistically

significant.

Table 4.2. Multidrug-resistant bacteria's frequency in the patient (n = 46) and control

(n=27) groups

Participants MDR MDR Total
positive Negative
Patients 34 (73.9%) 12(26.1%) 46 (100%)
Controls 14(51.9%) 13(48.1%) 27 (100%) p = 0.055

Total 48 (65.7%)

25(34.2%)

73 (100%)
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4.4. Association of Risk Factors with Multidrug Resistance

4.4.1. Demographic and Socioeconomic Factors Evaluation with Multidrug-

Resistance

The age group of 41 and above had the greatest rate of MDR (n=41/73; 56.1%).
Previous research indicates that the rate of MDR is unaffected by marital status or
education level, and there is no statistically significant relationship between MDR and
socioeconomic status. Furthermore, there is no discernible impact of gender on the MDR

rate.

4.4.2. Epidemiological Factors and Multidrug-Resistance Association

Events, traits, or other measurable things that have the capacity to alter a health
state or other specified outcomes are known as epidemiological factors. Understanding
MDR's prevalence, risk factors, mortality, etc. is crucial to combating the disease,
particularly in places with limited data and surveillance. Nonetheless, it appears that there
have been temporal and regional changes in the MDR pathogen pattern that causes
nosocomial infections. Even while a specific MDR could be endemic in one place, it
might be uncommon in other places. Therefore, the best approach to preventing MDR
depends heavily on the epidemiological features specific to the particular area. Previous

studies show that no epidemiological factors altered the MDR rate in the study group.

4.4.3. Hospital-Related Factors and Multidrug Resistance Association

When the samples were collected, 23 of the patient group had been in the hospital
for at least three days. Six (60.0%) had surgery (p=0.416), five (p=0.306) required a
urinary catheter, and three (100%) of all patients brought to the hospital spent time in the
intensive care unit (ICU) (p=0.557). Moreover, 21 (80.8%) of the patients took antibiotics
while they were in the hospital (p=0.314). Based on statistical research, there was no

correlation (p>0.05) between hospitalized associated variables and multidrug resistance.
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Table 4.3. Demographic and socioeconomic factors evaluation with multidrug resistance
in the study group (n=73)

Risk factors MDR Positivity % p value
Age

19-30 10 (45.5%)

30 and above 38(74.5%) p =0.016
Total 48 (65.8%)

Gender

Male 30 (62.5%)

Female 18 (72.0%) p=0.417
Total 48 (65.8%)

Education

Lower than 27 (77.1%)

university

University and 21 (55.3%) p=0.049
higher

Total 48 (65.8%)

Marital status

Single 14 (56.0%)

Married 34 (70.8%) p=0.205
Total 48 (65.8%)

Socioeconomic

status

Low and middle 40 (64.5)

High 8 (72.7%) p=0.738
Total 48 (65.8%)




Table 4.4. Epidemiological factors and multidrug resistance association in study group
(n=73)

Risk factors MDR Positive n/N (%) p value
GIS*

Yes 9 (52.9%)

No 39 (69.6%) p=0.204
Total 48 (65.8%)

History of antibiotics use**

Yes 27 (71.1%)

No 21 (60.0%) p=0.320
Total 48 (65.8%)

History of diarrhea**

Yes 11 (57.9%)

No 37 (68.5%) p =0.401
Total 48 (65.8%)

History of UTI**

Yes 6 (50.0%)

No 42 (68.9%) p =0.318
Total 48 (65.8%)

Travel history**

Yes 29 (70.0%)

No 19 (59.4%) p =0.310
Total 48 (56.8%)

Turkey or Europe Travel**

Yes 24 (80.0%)

No 5 (45.5%) P =0.052
Total 29 (70.7%)

Travel to Asia or Africa**

Yes 5 (45.5%)

No 24 (80.0%) P =0.052
Total 29 (70.7%)

*shows the sample collection time.

**shows last six months prior to the study.
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Table 4.5. Hospital-related factors and multidrug resistance association in the study group

Risk Factors MDR Positive p value
ICU Stay*

Yes 3 (100%)

No 31 (72.1%) p =0.557

Total 34 (73.9%)

Surgery*

Yes 6 (60.0%)

No 28 (77.8%) p=0.416

Total 34 (73.9%)

Urinary catheter*

Yes 5 (100%)

No 29 (70.7%) p=0.306

Total 34 (73.9%)

Antibiotic use*

Yes 21 (80.8%)

No 13 (65.0%) p =0.314

Total 34 (73.9%)

*Indicates the current hospitalization.
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CHAPTER V
Discussion

The broad order Enterobacterales contains a variety of bacteria, or germs, such as
K. pneumoniae and E. coli, which are frequently responsible for infections in both

community and medical settings.

In order to evade the antibiotics' effects, bacteria that are immune to them are
constantly creating new "resistance mechanisms™, or defense mechanisms. For example,
some Enterobacterales produce what are referred to as extended-spectrum beta-
lactamases (ESBLs). Some regularly used drugs are destroyed and degraded by these
enzymes, like cephalosporin and penicillin, making them ineffective in treating

infections.

Fewer antibiotics are needed to treat infections caused by Enterobacterales that
produce ESBLs as a result of this resistance. Additionally, bacteria harbouring ESBLSs
possess the capacity to develop resistance to many types of antibiotics, including
aminoglycosides, quinolones, tetracyclines, and trimethoprim. Common illnesses like
urinary tract infections that are brought on by bacteria that produce ESBLSs can
occasionally require more involved treatments. Instead of taking oral antibiotics at home,
patients with these illnesses might need to be hospitalized to the hospital and given

intravenous (1) carbapenem medicines.

Carbapenems are the only drugs that effectively combat bacteria that produce
ESBLs; nevertheless, resistance enzymes that neutralize these antibiotics are also
becoming increasingly common. The more we depend on these important class of

antibiotics, the more likely it is that resistance will spread.

In hospitalized patients, 197,400 cases were ESBL-producing Enterobacterales
and there were 9,100 deaths projected in the United States in 2017. Medicines are used to
treat infections brought on by bacteria that produce ESBLSs, although there may not be as
many treatment choices available due to the bacteria's resistance to many routinely
recommended medicines. Serious Enterobacterales infections that produce ESBL are
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frequently treated with carbapenem antibiotics, which are generally only used for

extremely resistant infections.

The Infectious Disease Society of America (IDSA) offers new guidelines for
antibiotic-resistant infections. That states that on September 17, 2020, diseases caused by
carbapenem-resistant Enterobacterales (CRE), extended-spectrum [-lactamase producing
Enterobacterales (ESBL-E), and difficult-to-treat Pseudomonas aeruginosa (DTR-P.
aeruginosa) were published. A literature study and this updated advice paper were
prompted by the numerous publications from previous years that have enhanced our

comprehension of CRE and ESBL-E management.

Of the 73 isolates in this investigation, 48 (65.1%) were MDR individuals. There
are few available therapeutic options for Enterobacterales infections acquired in hospitals
due to the elevated prevalence of MDR. A possible explanation for the degree of
diversity observed in MDR isolates is the usage of antibiotics from distinct classes,

studied populations, study times, and specimen types.

In this study, the Enterobacterales specie among all the isolates that have been
found to be predominant is E. coli with the rate of 93.1%. E. coli has also been
predominant specie according to previous publications. The high frequency of MDR (E.
coli 82.3%) in Enterobacterales isolates have been reported by Mer Rouge Laboratory,
Djibouti, from January to July 2019 as well as (Zavarla-Cerna et al., 2020; Onduru et al.,
2021). Furthermore, the present literature review shows that other specie Proteus
mirabilis were found at very low rate 1.3%. our studies agree with other past studies
which reported that K. pneumonia, Proteus mirabilis and Enterobacter spp. etc. showed

low rates among all the Enterobacterales.

In this present study, resistance rates of antibiotics are evaluated. The rate of
MDR was ascertained by analyzing 73 isolates in total. The highest resistant rate of are
all Enterobacterales isolates were found to be Ciprofloxacin (100%) then ampicillin
(61.6%) followed by amoxicillin-clavulanic acid (54.7%) and trimethoprim-
sulfamethoxazole (52%). The high level of resistance can be compared with the previous

studies. Additionally, it was determined that among beta-lactam or beta-lactamase
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inhibitors, piperacillin-tazobactam had the highest antimicrobial susceptibility rate (61%).
Majority of isolates (65.7%) were found to be MDR. 64% of MDR Enterobacterales

were found in earlier investigations.

In this study, demographic and socioeconomic data were investigated in addition
to MDR evaluation. Age-based groupings were used to assess it; for example, there were
statistically significantly more MDR isolates in the age group of 31 and older than in the
19 to 30 age group (p=0.016) (Table 4.3). This importance may result from a weakened
immune system, ongoing antibiotic usage, hospital stays, long-term care institutions,
nursing homes, and the use of medical equipment like feeding tubes and urine catheters,
among other things. The elderly individuals are exposed to antibiotics more than younger
individuals or may also forget to take their medicines. The likelihood of MDR is

increased by the irregular routine.

MDR was observed in patients with university degrees or higher degrees at lower
rates than in individuals without such a degree, although the difference was not
determined to be statistically significant. According to Table 4.3, they have a weak
correlation (p=0.049) with MDR. However, prior research (See et al., 2017) indicates that
those with less education are more likely to do self-medication, which contributes to the
establishment of MDR. This increased significance can be attributed to the fact that those
with less education or none at all are more into self-medications, which helps to foster the
growth of MDR. Also, people take the wrong prescription or don't adhere to the
recommended dosage schedules.

Socioeconomic factor data in this study were shown to have no significant
association with MDR isolates (p=0.738), indicating that they were not associated with
MDR (Table 4.3). Moreover, previous studies by Kasim et al. (2020), explain evidence
that poverty is important factor of MDR. Additionally, this study found no statistically
significant link between hospital stay and MDR. Patients with long hospital stays had a
statistically significant 1.7% higher rate of MDR.

Another category for patient grouping is GIS. When GIS (of any kind) was
assessed, significant findings could not be obtained (p=0.204). Additionally, earlier
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studies verified 3.7% GIS rate and were no proof that there was a meaningful association
with MDR.

As stated by WHO (2014), usage of antibiotics is the primary cause of MDR
globally. However, our research revealed no meaningful correlation (p=0.320) between
antibiotic use and MDR (Table 4.3).

A statistical analysis revealed that among Enterobacterales isolates, travel,
history of UTI, and history of diarrhea had no bearing on MDR. But it shows significant
results when evaluated them specifically like travelling to Turkey, Asia and Africa gave
significant results. The reason can be traveler’s diarrhea. The factors that contribute to the
increased occurrence of ESBL-E include the travel destination, duration of stay, seeing

friends and family, and consuming pastries and ice cream.

The link between hospital-related factors and MDR in Enterobacterales was also
examined in this study, and the usage of antibiotics and stays in the intensive care unit,
surgery, or urinary catheters did not significantly correlate with MDR. Nonetheless,
research by Grzegorz et al. (2020) demonstrates a connection between hospital-related
parameters and MDR.
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CHAPTER VI
Conclusion

Out of the 73 subjects in this study, 48 (or 65.7%) were found to be MDR
positive. MDR rates were 51.9% (n=14/48) in control samples and 73.9% (n=34/46) in
patient samples. The patient and control groups' MDR rates did not differ statistically
significantly. E. coli (93.1%) have been the most common species among all the

Enterobacterales isolates.

Furthermore, an assessment of the risk factors associated with multidrug
resistance revealed that the only variables that affected the results was age (p=0.016) and
education (p=0.049); demographic and socioeconomic factors, as well as those related to

hospitals and epidemiology, had no statistically significant effect on MDR (p>0.05).

The study findings indicate that a large percentage of MDR is present in the
ciprofloxacin-resistant Enterobacterales isolates. This suggests that antibiotic resistance

should be carefully monitored in Northern Cyprus.



o1

References

Al-Sunaidar, K. A., Aziz, N. A., Hassan, Y., Jamshed, S., &Sekar, M. (2022). Association of
Multidrug Resistance Bacteria and Clinical Outcomes of Adult Patients with Sepsis in
the Intensive Care Unit. Tropical Medicine and Infectious Disease, 7(11).
https://doi.org/10.3390/TROPICALMED7110365

Ampicillin - MeSH - NCBI. (n.d.). Retrieved January 21, 2024, from
https://www.ncbi.nlm.nih.gov/mesh/68000667

Ampicillin Resistance - MeSH - NCBI. (n.d.). Retrieved January 21, 2024, from
https://www.ncbi.nlm.nih.gov/mesh/68000668

Ayobola ED, Oscar WO, Ejovwokoghene EF. Plasmid-mediated quinolone resistance genes
transfer among enteric bacteria isolated from human and animal sources. AIMS
Microbiol. 2021;7(2):200-215. doi: 10.3934/microbiol.2021013. - DOI - PMC -
PubMed

Bakthavatchalam Y. D., Pragasam A. K., Biswas I., VeeraraghavanB.. 2018. Polymyxin
susceptibility testing, interpretative breakpoints and resistance mechanisms: An
update. J. GobalAntimicrob. Res. 12:124-136. - PubMed

Baran, A., Kwiatkowska, A., &Potocki, L. (2023). Antibiotics and Bacterial Resistance-A

Short Story of an Endless Arms Race. International Journal of Molecular Sciences,
24(6). https://doi.org/10.3390/1JMS24065777

Bhatt, S., & Chatterjee, S. (2022). Fluoroguinolone antibiotics: Occurrence, mode of action,

resistance, environmental detection, and remediation - A comprehensive review.

Environmental Pollution (Barking Essex : 1987), 315.
https://doi.org/10.1016/J.ENVPOL.2022.120440

Ciprofloxacin (Oral Route) Description and Brand Names - Mayo Clinic. (n.d.). Retrieved

January 21, 2024, from https://www.mayoclinic.org/drugs-

supplements/ciprofloxacin-oral-route/description/drg-20072288

Clark A, DesMeules M, Luo W, Duncan AS, Wielgosz A. Socioeconomic status and

cardiovascular disease: Risks and implications for care. Nat Rev Cardiol.


https://doi.org/10.3390/TROPICALMED7110365
https://www.ncbi.nlm.nih.gov/mesh/68000667
https://www.ncbi.nlm.nih.gov/mesh/68000668
https://doi.org/10.3934/microbiol.2021013
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc8255902/
https://pubmed.ncbi.nlm.nih.gov/34250375/
https://pubmed.ncbi.nlm.nih.gov/28962863/
https://doi.org/10.3390/IJMS24065777
https://doi.org/10.1016/J.ENVPOL.2022.120440
https://www.mayoclinic.org/drugs-supplements/ciprofloxacin-oral-route/description/drg-20072288
https://www.mayoclinic.org/drugs-supplements/ciprofloxacin-oral-route/description/drg-20072288

52

CLSI eClipse Ultimate Access - Powered by Edaptive Technologies. (n.d.). Retrieved

January 15, 2024, from http://em100.edaptivedocs.net/Login.aspx

Cook, M. A., & Wright, G. D. (2022). The past, present, and future of antibiotics. Science
Translational Medicine, 14(657).
https://doi.org/10.1126/SCITRANSLMED.ABO7793

Dalhoff, A. (2019). Global fluoroquinolone resistance epidemiology and implictions for

clinical use. In Interdisciplinary Perspectives on Infectious Diseases (Vol. 2012).
https://doi.org/10.1155/2012/976273

de Nunzio, C., Nacchia, A., Lombardo, R., Franco, A., Cicione, A., Trucchi, A., Labella, M.,
Bartoletti, R., Simonato, A., Ficarra, V., &Tubaro, A. (2023). Is EMA warning on
quinolones and fluoroquinolones really assessed? An EudraVigilance database
analysis. Minerva Urology and Nephrology, 75(3), 374-380.
https://doi.org/10.23736/S2724-6051.23.05169-8

Deborah Chen, H., & Frankel, G. (2005). Enteropathogenic Escherichia coli: Unravelling
pathogenesis. FEMS Microbiology Reviews, 29(1), 83-98.
https://doi.org/10.1016/j.femsre.2004.07.002

ECDC (European Centre for Disease Prevention and Control). COVID- 19 2020; 2020 [cited

2020 March 30]. Available from: https://www.ecdc.europa.eu/en/novel-coronavirus-

china

Everett MJ, Jin Y-F, Ricci V, Piddock LJV. Contribution of individual mechanisms to
fluoroquinolone resistance in 36 Escherichia coli isolated from humans and
animals. Antimicrob Agents Chemother.

Harvard Health Letter. Out in the cold; 2020 [cited 2020 March 30]. Available
from: https://www.health.harvard.edu/staying-healthy/out-in-the-cold

Havenga, B., Ndlovu, T., Clements, T., Reyneke, B., Waso, M., & Khan, W. (2019).
Exploring the antimicrobial resistance profiles of WHO critical priority list bacterial
strains. BMC Microbiology, 19(1), 1-16. https://doi.org/10.1186/S12866-019-1687-
O/TABLES/3

Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, et al. Social
determinants of risk and outcomes for cardiovascular disease: A scientific statement
from the American Heart Association. Circulation. 2015;132(9):873-98.
d0i:10.1161/CIR.0000000000000228



http://em100.edaptivedocs.net/Login.aspx
https://doi.org/10.1126/SCITRANSLMED.ABO7793
https://doi.org/10.23736/S2724-6051.23.05169-8
https://www.ecdc.europa.eu/en/novel-coronavirus-china
https://www.ecdc.europa.eu/en/novel-coronavirus-china
https://www.health.harvard.edu/staying-healthy/out-in-the-cold
https://doi.org/10.1186/S12866-019-1687-0/TABLES/3
https://doi.org/10.1186/S12866-019-1687-0/TABLES/3

53

Healthcare.gov. Federal poverty level (FPL). Accessed June 21,
2022. https://www.healthcare.gov/glossary/federal-poverty-level-fpl/

https://doi.org/10.1186/s12879-023-08086-2

Jia, Y., & Zhao, L. (2021). The antibacterial activity of fluoroquinolone derivatives: An
update (2018-2021). European Journal of Medicinal Chemistry, 224.
https://doi.org/10.1016/j.ejmech.2021.113741

Jernigan, J. A., Hatfield, K. M., Wolford, H., Nelson, R. E., Olubajo, B., Reddy, S. C.,
McCarthy, N., Paul, P., McDonald, L. C., Kallen, A., Fiore, A., Craig, M., &Baggs, J.
(2020). Multidrug-Resistant Bacterial Infections in U.S. Hospitalized Patients, 2012-
2017. The New England Journal of Medicine, 382(14), 1309-13109.
https://doi.org/10.1056/NEJMOA1914433

Kenyon, C. (2022). Concentrations of Ciprofloxacin in the World’s Rivers Are Associated

with the Prevalence of Fluoroquinolone Resistance in Escherichia coli: A Global
Ecological Analysis. Antibiotics, 11(3). https://doi.org/10.3390/antibiotics11030417
Kenyon, C. (2022). Concentrations of Ciprofloxacin in the World’s Rivers Are Associated
with the Prevalence of Fluoroquinolone Resistance in Escherichia coli: A Global
Ecological Analysis. Antibiotics, 11(3). https://doi.org/10.3390/antibiotics11030417
Kibwana, U. O., Manyabhi, J., Sandnes, H. H., Blomberg, B., Mshana, S. E., Langeland, N.,
Roberts, A. P., &Moyo, S. J. (2023). Fluoroquinolone resistance among fecal

extended spectrum Peta lactamases positive Enterobacterales isolates from children
in Dar es Salaam, Tanzania. BMC Infectious Diseases, 23(1).

Lakshmi Priyadarsini, S., & Suresh, M. (2020). Factors influencing the epidemiological
characteristics of pandemic COVID 19: A TISM approach. International Journal of
Healthcare Management, 13(2), 89-98.
https://doi.org/10.1080/20479700.2020.1755804

Liu, H. H. (2010). Safety profile of the fluoroquinolones: Focus on levofloxacin. Drug
Safety, 33(5), 353-369. https://doi.org/10.2165/11536360-000000000-00000

Majalekar, P. P., &Shirote, P. J. (2020). Fluoroquinolones: Blessings or Curses. Current
Drug Targets, 21(13), 1354-1370.
https://doi.org/10.2174/1389450121666200621193355


https://www.healthcare.gov/glossary/federal-poverty-level-fpl/
https://doi.org/10.1016/j.ejmech.2021.113741
https://doi.org/10.3390/antibiotics11030417
https://doi.org/10.1080/20479700.2020.1755804
https://doi.org/10.2165/11536360-000000000-00000
https://doi.org/10.2174/1389450121666200621193355

54

Manges, A. R., Geum, H. M., Guo, A., Edens, T. J., Fibke, C. D., &Pitout, J. D. D. (2019).
Global extraintestinal pathogenic escherichia coli (Expec) lineages. Clinical
Microbiology Reviews, 32(3). https://doi.org/10.1128/CMR.00135-18

Mares M, Lim SHE, Lai K-S, Cristina R-T, editors. Antimicrobial resistance: A one health

perspective. London, England: IntechOpen; 2021.

Matuschek, E., Copsey-Mawer, S., Petersson, S., Ahman, J., Morris, T. E., &Kahlmeter, G.
(2023). The European committee on antimicrobial susceptibility testing disc diffusion
susceptibility testing method for frequently isolated anaerobic bacteria. Clinical
Microbiology and Infection : The Official Publication of the European Society of
Clinical Microbiology and Infectious Diseases, 29(6), 795.e1-795.e7.
https://doi.org/10.1016/J.CM1.2023.01.027

Matuschek, E., Copsey-Mawer, S., Petersson, S., Ahman, J., Morris, T. E., &Kahlmeter, G.

(2023). The European committee on antimicrobial susceptibility testing disc diffusion
susceptibility testing method for frequently isolated anaerobic bacteria. Clinical
Microbiology and Infection : The Official Publication of the European Society of
Clinical Microbiology and Infectious Diseases, 29(6), 795.e1-795.e7.
https://doi.org/10.1016/J.CM1.2023.01.027

Mihlberg, E., Umstétter, F., Kleist, C., Domhan, C., Mier, W., &Uhl, P. (2020). Renaissance

of vancomycin: approaches for breaking antibiotic resistance in multidrug-resistant

bacteria. Canadian Journal of Microbiology, 66(1), 11-16.
https://doi.org/10.1139/CJM-2019-0309

Nichols, W. W., Lahiri, S. D., Bradford, P. A., & Stone, G. G. (2023). The primary
pharmacology of ceftazidime/avibactam: resistance in vitro. The Journal of
Antimicrobial Chemotherapy, 78(3), 569-585.
https://doi.org/10.1093/JAC/DKAC449

Noster, J., Thelen, P., &Hamprecht, A. (2021). Detection of Multidrug-Resistant

Enterobacterales—From ESBLs to Carbapenemases. Antibiotics, 10(9).
https://doi.org/10.3390/ANTIBIOTICS10091140

Pakbin, B., Brick, W. M., &Rossen, J. W. A. (2021). Virulence Factors of Enteric
Pathogenic Escherichia coli: A Review. International Journal of Molecular Sciences
2021, Vol. 22, Page 9922, 22(18), 9922. https://doi.org/10.3390/1JMS22189922



https://doi.org/10.1128/CMR.00135-18
https://doi.org/10.1016/J.CMI.2023.01.027
https://doi.org/10.1016/J.CMI.2023.01.027
https://doi.org/10.1139/CJM-2019-0309
https://doi.org/10.1093/JAC/DKAC449
https://doi.org/10.3390/ANTIBIOTICS10091140
https://doi.org/10.3390/IJMS22189922

55

Pham TDM, Ziora ZM. Blaskovich MAT. Quinolone antibiotics Medchemcomm.
2019;10(10):1719-1739. - PMC - PubMed
piperacillin/tazobactam (Zosyn): Uses, Side Effects & Dosage. (n.d.). Retrieved January 21,

2024, from https://www.medicinenet.com/piperacillintazobactam sodium-

injection/article.htm

Qin, T. T., Kang, H. Q., Ma, P., Li, P. P., Huang, L. Y., & Gu, B. (2015). SOS response and
its regulation on the fluoroquinolone resistance. In Annals of Translational Medicine
(Vol. 3, Issue 22). https://doi.org/10.3978/j.issn.2305-5839.2015.12.09

Raman, G., Avendano, E. E., Chan, J., Merchant, S., &Puzniak, L. (2018). Risk factors for

hospitalized patients with resistant or multidrug-resistant Pseudomonas aeruginosa

infections: A systematic review and meta-analysis. Antimicrobial Resistance and
Infection Control, 7(1), 1-14. https://doi.org/10.1186/S13756-018-0370-9/TABLES/3
Rolland, K., Lambert-Zechovsky, N., Picard, B., &Denamur, E. (1998). Shigella and
enteroinvasive Escherichia coli strains are derived from distinct ancestral strains of
E.coli. Microbiology, 144(9), 2667—2672. https://doi.org/10.1099/00221287-144-9-
2667
Roth, N., Kasbohrer, A., Mayrhofer, S., Zitz, U., Hofacre, C., &Domig, K. J. (2019). The

application of antibiotics in broiler production and the resulting antibiotic resistance

in Escherichia coli: A global overview. Poultry Science, 98(4), 1791-1804.
https://doi.org/10.3382/PS/PEY 539

Rusch, M., Spielmeyer, A., Zorn, H., &Hamscher, G. (2019). Degradation and
transformation of fluoroguinolones by microorganisms with special emphasis on
ciprofloxacin. Applied Microbiology and Biotechnology, 103(17), 6933-6948.
https://doi.org/10.1007/S00253-019-10017-8

Sahintiirk, P., Arslan, E., Biiyiikcangaz, E., Sonal, S., Sen, A., Ersoy, F., Webber, M. A,,

Piddock, L. J. V., & Cengiz, M. (2016). High level fluoroquinolone resistance in
Escherichia coli isolated from animals in Turkey is due to multiple mechanisms.
Turkish Journal of Veterinary and Animal Sciences, 40(2).
https://doi.org/10.3906/vet-1506-74

Sato, T., Yokota, S. I., Okubo, T., Ishihara, K., Ueno, H., Muramatsu, Y., Fujii, N., &
Tamura, Y. (2020). Contribution of the AcrAB-TolC efflux pump to high-level


http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6836748/
https://pubmed.ncbi.nlm.nih.gov/31803393/
https://www.medicinenet.com/piperacillintazobactam_sodium-injection/article.htm
https://www.medicinenet.com/piperacillintazobactam_sodium-injection/article.htm
https://doi.org/10.3978/j.issn.2305-5839.2015.12.09
https://doi.org/10.1186/S13756-018-0370-9/TABLES/3
https://doi.org/10.1099/00221287-144-9-2667
https://doi.org/10.1099/00221287-144-9-2667
https://doi.org/10.3382/PS/PEY539
https://doi.org/10.1007/S00253-019-10017-8

56

fluoroquinolone resistance in Escherichia coli isolated from dogs and humans.

Journal of Veterinary Medical Science, 75(4). https://doi.org/10.1292/jvms.12-0186
Sato, T., Yokota, S. I., Uchida, I., Okubo, T., Usui, M., Kusumoto, M., Akiba, M., Fujii, N.,

& Tamura, Y. (2019). Fluoroquinolone resistance mechanisms in an Escherichia coli

isolate, HUEL, without quinolone resistance-determining region mutations. Frontiers
in Microbiology, 4(MAY). https://doi.org/10.3389/fmicb.2013.00125

Shariati, A., Arshadi, M., Khosrojerdi, M. A., Abedinzadeh, M., Ganjalishahi, M., Maleki,
A., Heidary, M., &Khoshnood, S. (2022). The resistance mechanisms of bacteria
against ciprofloxacin and new approaches for enhancing the efficacy of this
antibiotic. Frontiers in Public Health, 10.
https://doi.org/10.3389/FPUBH.2022.1025633

Sojo-Dorado, J., & Rodriguez-Bafio, J. (2023). Gentamicin. Kucers the Use of Antibiotics: A

Clinical Review of Antibacterial, Antifungal, Antiparasitic, and Antiviral Drugs,
Seventh Edition, 964-991. https://doi.org/10.1201/9781315152110
Soroush,l.S., Amir, H.F., Neda, S. (2020). Antibiotic susceptibility variations of Methicillin-

resistant Staphylococcus aureus after gamma irradiation.

Stapleton AE, Wagenlehner FME, Mulgirigama A, Twynholm M. Escherichia coli resistance
to fluoroquinolones in community-acquired uncomplicated urinary tract infection in
women: a Systematic Review. Antimicrob Agents Chemother. 2020;64:e00862—920.
doi: 10.1128/AAC.00862-20. - DOI - PMC - PubMed

Takahashi, H., Hayakawa, I., & Akimoto, T. (2003). The history of the development and
changes of quinolone antibacterial agents. YakushigakuZasshi. The Journal of
Japanese History of Pharmacy, 38(2), 161-179.

Terreni, M., Taccani, M., &Pregnolato, M. (2021). New Antibiotics for Multidrug-Resistant

Bacterial Strains: Latest Research Developments and Future Perspectives. Molecules
(Basel, Switzerland), 26(9). https://doi.org/10.3390/MOLECULES26092671

Thai, T., Salisbury, B. H., & Zito, P. M. (2023). Ciprofloxacin. StatPearls Publishing, 2023
Jan-. https://www.ncbi.nlm.nih.gov/books/NBK535454/

Vianello, M. A., Cardoso, B., Fuentes-Castillo, D., Moura, Q., Esposito, F., Fuga, B.,
Lincopan, N., &Eqgito, E. S. T. (2021). International high-risk clone of

fluoroquinolone-resistant Escherichia coli O15:H1-D-ST393 in remote communities

of Brazilian Amazon. Infection, Genetics and Evolution : Journal of Molecular


https://doi.org/10.1292/jvms.12-0186
https://doi.org/10.3389/FPUBH.2022.1025633
https://doi.org/10.1201/9781315152110
https://doi.org/10.1128/aac.00862-20
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7508571/
https://pubmed.ncbi.nlm.nih.gov/32747356/
https://doi.org/10.3390/MOLECULES26092671
https://www.ncbi.nlm.nih.gov/books/NBK535454/

S7

Epidemiology and Evolutionary Genetics in Infectious Diseases, 91.
https://doi.org/10.1016/J.MEEGID.2021.104808

Wenzel, M. (2020). Do we really understand how antibiotics work? Future Microbiology,
15(14), 1307-1311. https://doi.org/10.2217/FMB-2019-0324

Wu, Q., Shi, J., Huang, J., Gan, D., Zhang, L., & Li, P. (2023). The Impact of ESBLs-
Positive Escherichia coli’s Resistance to Cefepime and Its Guidance for Clinical
Treatment. Infection and Drug Resistance, 16, 6395-6404.
https://doi.org/10.2147/IDR.S427836

Yaghoubi, S., Zekiy, A. O., Krutova, M., Gholami, M., Kouhsari, E., Sholeh, M., Ghafouri,

Z., &Maleki, F. (2022). Tigecycline antibacterial activity, clinical effectiveness, and

mechanisms and epidemiology of resistance: narrative review. European Journal of
Clinical Microbiology & Infectious Diseases, 41(7), 1003.
https://doi.org/10.1007/S10096-020-04121-1

Yahav, D., Giske, C. G., Gramatniece, A., Abodakpi, H., Tam, V. H., &Leibovici, L. (2020).
New [-Lactam-B-Lactamase Inhibitor Combinations. Clinical Microbiology Reviews,
34(1), 1-61. https://doi.org/10.1128/CMR.00115-20

Yang, J., Ko, Y. S., Lee, H. Y., Fang, Y., Oh, S. W., Kim, M.-G., Cho, W. Y., & Jo, S.-K.
(2023). Mechanisms of Piperacillin/Tazobactam Nephrotoxicity:

Piperacillin/Tazobactam-Induced Direct Tubular Damage in Mice. Antibiotics, 12(7),
1121. https://doi.org/10.3390/ANTIBIOTICS12071121
Yin, D., Guo, Y., Han, R., Yang, Y., Zhu, D., & Hu, F. (2023). A modified Kirby-Bauer disc

diffusion (mKB) method for accurately testing tigecycline susceptibility: a nation-

wide multicenter comparative study. Journal of Medical Microbiology, 72(8).
https://doi.org/10.1099/JMM.0.001671

Zhang, S., Abbas, M., Rehman, M. U., Huang, Y., Zhou, R., Gong, S., Yang, H., Chen, S.,
Wang, M., & Cheng, A. (2020). Dissemination of antibiotic resistance genes (ARGS)

via integrons in Escherichia coli: A risk to human health. Environmental Pollution,
266, 115260. https://doi.org/10.1016/J.ENVPOL.2020.115260



https://doi.org/10.1016/J.MEEGID.2021.104808
https://doi.org/10.2217/FMB-2019-0324
https://doi.org/10.2147/IDR.S427836
https://doi.org/10.1128/CMR.00115-20
https://doi.org/10.3390/ANTIBIOTICS12071121
https://doi.org/10.1099/JMM.0.001671
https://doi.org/10.1016/J.ENVPOL.2020.115260

