ANV SNIONA0¥d (19s3)
ASVINVLOV1 V13d INNY1D3dS

O TOMOMN
JHON TVNL13dyd3d VAVIAVL

OS'IN

€coc

d3dN31X3 40 FONVLSISTH-0D

NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL MICROBIOLOGY
AND CLINICAL MICROBIOLOGY

CO-RESISTANCE OF EXTENDED SPECTRUM BETA LACTAMASE
(ESBL) PRODUCING AND QUINOLONE RESISTANCE AMONG GRAM-
NEGATIVE ENTERIC BACTERIA STRAINS IN CLINICAL SAMPLES IN

TRNC.

M.Sc. THESIS

TAMARA PERPETUAL UCHE NWOKOLO

Nicosia
June, 2023



NEAR EAST UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF MEDICAL MICROBIOLOGY
AND CLINICAL MICROBIOLOGY

CO-RESISTANCE OF EXTENDED SPECTRUM BETA LACTAMASE
(ESBL) PRODUCING AND QUINOLONE RESISTANCE AMONG GRAM-
NEGATIVE ENTERIC BACTERIA STRAINS IN CLINICAL SAMPLES IN

TRNC.

M.Sc. THESIS

TAMARA PERPETUAL UCHE NWOKOLO

Supervisor

Prof. Dr. Nedim Cakir

Nicosia
June, 2023



Approval
We certify that we have read the thesis submitted by TAMARA PERPETUAL UCHE
NWOKOLO titled “CO-RESISTANCE OF EXTENDED SPECTRUM BETA
LACTAMASE (ESBL) PRODUCING AND QUINOLONE AMONG GRAM
NEGETIVE BACTERIA STRAINS IN CLINICAL SAMPLES IN TRNC" and
that in our combined opinion it is fully adequate, in scope and in quality, as a thesis
for the degree of Master of Educational Sciences.

Examiming Committee Name-Surmame

Head of the Committee:  Prof. Dr. Kaya Suer

Committee Member*:  Assistant Prof. Hulya Arik



Declaration

I hereby declare that all information, documents, analysis and results in this thesis have
been collected and presented according to the academic rules and ethical guidelines of
Institute of Graduate Studies, Near East University. | also declare that as required by
these rules and conduct, | have fully cited and referenced information and data that are

not original to this study.

TAMARA PERPETUAL UCHE
NWOKOLO

..... [ocoid ...



Acknowledgments

My utmost gratitude goes to God Almighty for his provision and direction
during this academic pursuit. As well as for granting me the fortitude, perseverance
and knowledge necessary for my research work.

| want to thank my M.Sc. supervisor, Prof. Dr. Nedim Cakir and convey my
profound gratitude for all his assistance also for painstaking taking his time to advice
and guidance which led me in the right route and was particularly important to the
success of this study.

Special and unreserved thanks to my amazing family especially my mom for
the endless support, encouragements and making sure | lacked nothing during the
course of this academic journey.

To my friends Chris, Chima and Eney, | appreciate all your contribution and
support to completion of research work. To my girls - Mine, Deji and Gabby. You all
have been my strong support even from miles away. | cannot quantify how grateful |

am to have all of you in my life and corner. Thanks a lot guys.

Tamara Perpetual Uche Nwokolo



Abstract
CO-RESISTANCE OF EXTENDED SPECTRUM BETA LACTAMASE
(ESBL) PRODUCING AND QUINOLONE AMONG GRAM NEGETIVE
BACTERIA STRAINS IN CLINICAL SAMPLES IN TRNC.
NWOKOLO TAMARA PERPETUAL UCHE
M.Sc, Department of Medical Microbiology
And Clinical Microbiology.
June, 2023, 114 pages.

Enterobacteriaceae are a family of gram-negative bacteria that bacilli are
typically 1.5um in length. They are found in the human intestinal tract and are a part
of the gut microbiota. Others can be found in water, soil or different plants and animals.
They are opportunistic pathogen that cause nosocomial infections. ESBLSs possess the
capability to degrade f-lactam, granting them resistance against a broad spectrum of
B-lactam antibiotics, including penicillins and Cephalosporins. Quinolone antibiotics
are synthetic antibacterial agent that are broad-spectrum bactericidal agents effective
against some Gram positive and Gram negative bacteria. Their primary and secondary
targets of DNA gyrase and topoisomerase 1V respectively thereby disrupting DNA
replication. The aim of this study was to identify co-resistance ESBL producing and
quinolone resistance among gram-negative enteric bacteria strains in clinical samples
hospital, compare and evaluate different phenotypic methods currently in use. This
cross sectional observational study was conducted from 11th June 2020 - 6th June
2022 at the Near East University Hospital Nicosia, Northern Cyprus. A total of 287
ESBL isolates from OPD, ICU, CCU etc departments were analyzed during this
period. To accomplish this, we compared and evaluated the phenotypic analysis using
the automated vitek2 system and BD Bactec machine. The use of two microbiological
media, Blood agar and EMB agar, made the two approaches easier to analyze. From
the three microorganism isolated and analyzed, E coli was most prevalent (64.8%),
followed by K pneumonia (32.8%) and P mirabilis 2.4%. Inpatient had 59.2%
antibiotic resistance compared to outpatient 40.8%. The most susceptibile antibiotics
were fosfomycin and imipenem 92.3% and 89.8% respectively. In addition,
fosfomycin and imipenem are the best choice of antibiotics used for the treatment of
ESBL producing strain.

Keywords: extended spectrum beta lactamase, penicillin, quinolone,

enterobacteriacea, phenotypic.



Ozet
KKTC'DEKI KLINIK ORNEKLERDEKI GRAM NEJETiF BAKTERI
SUSLARINDAN GENIiSLETILMIiS SPEKTRUMLU BETA LAKTAMAZ
(ESBL) URETICIiSI ILE KINOLONUN ORTAK DIiRENCI.
NWOKOLO TAMARA SUREKLI UCHE
Yiiksek Lisans, Tibbi Mikrobiyoloji Anabilim Dah
Ve Klinik Mikrobiyoloji.
Haziran 2023, 114 sayfa.

Enterobacteriaceae, basillerin tipik olarak 1,5 pm uzunlugunda oldugu bir gram-
negatif bakteri ailesidir. Insan bagirsak sisteminde bulunurlar ve bagirsak
mikrobiyotasinin bir parcasidirlar. Digerleri suda, toprakta veya farkli bitki ve
hayvanlarda bulunabilir. Nozokomiyal enfeksiyonlara neden olan firsatc
patojenlerdir. ESBL'ler, B-laktami parcalama yetenegine sahiptir ve onlara penisilinler
ve Sefalosporinler dahil olmak iizere genis bir f-laktam antibiyotik yelpazesine kars1
diren¢ kazandirir. Kinolon antibiyotikler, bazi Gram pozitif ve Gram negatif
bakterilere karsi etkili olan genis spektrumlu bakterisidal maddeler olan sentetik
antibakteriyel maddelerdir. Sirasiyla DNA giraz ve topoizomeraz IV'in birincil ve
ikincil hedefleri, boylece DNA replikasyonunu bozar. Bu ¢alismanin amaci klinik
numune hastanesindeki gram-negatif enterik bakteri suslar1 arasinda ko-direng¢ GSBL
tireten ve kinolon direncini belirlemek, halihazirda kullanimda olan farkli fenotipik
yontemleri karsilastirmak ve degerlendirmektir. Bu kesitsel gozlemsel calisma 11
Haziran 2020 - 6 Haziran 2022 tarihleri arasinda Kuzey Kibris'ta Yakin Dogu
Universitesi Hastanesi Lefkosa'da yapilmistir. Bu siire zarfinda OPD, YBU, CCU vb.
boliimlerinden toplam 287 GSBL izolat1 analiz edildi. Bunu basarmak i¢in otomatik
vitek 2 sistemi ve BD Bactec makinesini kullanarak fenotipik analizi karsilastirdik ve
degerlendirdik. Blood agar ve EMB agar olmak iizere iki mikrobiyolojik ortamin
kullanilmasi, iki yaklasimin analiz edilmesini kolaylastirdi. izole edilen ve analiz
edilen {ic mikroorganizma arasinda en yaygin olam1 E coli (%64,8), ardindan K
pnomoni (%32,8) ve P mirabilis (%2,4) geldi. Yatan hasta %59,2 antibiyotik direncine
sahipken, ayaktan hasta %40,8 idi. En duyarli antibiyotikler sirasiyla %92,3 ile
fosfomisin ve %89,8 ile imipenem olmustur. Ayrica fosfomisin ve imipenem GSBL
tireten suslarin tedavisinde kullanilan en iyi antibiyotik secenekleridir.

Anahtar Kelimeler: genisletilmis spektrumlu beta laktamaz, penisilin, kinolon,

enterobakteriler, fenotipik.
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CHAPTER ONE.

Introduction.

Paul Ehrlich coined the term "magic bullets” to describe antimicrobial agents,
which are capable of killing microbes.! For many years, these magic bullets have been
successfully used to treat bacterial infections, leading to Ehrlich being awarded the
Nobel Prize. Antibiotic misuse has given rise to antimicrobial resistance, a major
worldwide public health concern in recent years.>® Reports indicate that around
650,000 people die annually due to antimicrobial resistance (AMR) infections, with
predictions suggesting that this number could increase to 10 million by 2050.%

ESBLs possess the capability to degrade p-lactam, granting them resistance
against a broad spectrum of B-lactam antibiotics, including penicillins, first, second,
third, and fourth-generation Cephalosporins, and aztreonam. Nevertheless, ESBLS are
susceptible to inhibition by [-lactamase inhibitors, such as clavulanic acid,
Tazobactam, and Sulbactam. However, Carbapenems, Cephamycins, and Moxalactam
remain effective against them.>® Additionally, organisms that produce ESBLs may
also become resistant to some other types of [-lactam antibiotics, such as
Aminoglycosides, Quinolones and Trimethoprim sulfamethoxazole.”8

Many Gram-negative bacteria, including Escherichia, Klebsiella, and Proteus
of the Enterobacteriaceae family, as well as Pseudomonas aeruginosa and
Acinetobacter baumannii, utilize B-lactamase enzymes to degrade p-lactam antibiotics,
making this the primary mechanism of resistance against them.®® ESBL enzymes
produced by these organisms make these antibiotics ineffective in treating infections,
thereby increasing morbidity, mortality and the cost of therapy.*

Quinolone antibiotics are a class of potent broad-spectrum bactericidal agents
that possess a bicyclic core structure related to the substance 4-quinolone.'? They are
used to treat bacterial infections in both human and veterinary medicine, as well as in
animal husbandry, especially in poultry production. Fluoroquinolones, which include
a fluorine atom in their chemical composition, constitute the majority of quinolone
antibiotics currently utilized and possess activity against both Gram negative and
Gram positive bacteria. One frequently prescribed fluoroquinolone antibiotic is
ciprofloxacin.’®

Currently, B-lactam drugs are a crucial component of bacterial infection

treatment worldwide, comprising nearly 65% of all antibiotic usage.'* The structure of



the B-lactam ring categorizes them into six primary groups, which are Penicillin,
Cephalosporin, Cephamycins, Carbapenems, Monobactams, and [-lactamase
inhibitors. These medications disrupt cell wall synthesis by inhibiting the normal
operation of Penicillin binding protein (PBP), a crucial participant in bacterial cell wall
synthesis, leading to bacterial demise. Nonetheless, there has been a growing global
trend of resistance to this critical antibiotic class in recent years.'®

Antibiotic resistance can arise from various mechanisms, including the
development of efflux pumps, modifications in outer membrane porin production,
changes in PBPs, and the generation of f-lactamase, which can deactivate antibiotics.
Among these, B-lactamase production is the most prevalent reason for resistance to f3-
lactam antibiotics, which can be generated by both Gram-positive (extracellularly) and
Gram negative bacteria. By binding covalently to the carbonyl section of B-lactam
antibiotics and hydrolyzing the f-lactam ring, these enzymes can render them inactive
leading to p-lactam resistance.>16
Extended Spectrum Beta Lactamases belong to AMBLER class and utilize serine for
all -lactam hydrolysis except Carbapenems and Cephamycin.’

Although B-lactamases are naturally occurring in some bacteria, they have
become widespread as a result of their mobilization on plasmids, transposons, insertion
sequences, integrons, and bacteriophages. Mobile genetic elements (MGESs) offer the
dissemination of ESBL-encoding genes, which often harbor resistance genes to other
antimicrobial classes. The overuse of B-lactam antibiotics has contributed to this
phenomenon. Mobile genetic elements (MGESs) facilitate the transfer of genes within
a cell or between cells horizontally, via conjugation, transformation, or transduction
by bacteriophages. These MGEs frequently harbor several resistance genes that bestow
a multidrug-resistant characteristic to the organisms that host them.8
ESBL-encoding genes, being plasmid-mediated, can easily exchange not only within
the same bacterial group but also across different species. For instance, ESBL genes
present in E coli can be transferred to Klebsiella, Pseudomonas, or even gram-positive
bacteria. Furthermore, the plasmid location of ESBL genes contributes to their
horizontal spread within the same bacterial species and to other species, resulting in
the production of genes that encode resistance to various classes of antibiotics such as
aminoglycosides, quinolones, and others. This severely limits the treatment options for
ESBL-producing organisms, thereby posing a significant threat to successful

treatment.1?



The prevalence of ESBL is influenced by various factors, including the
bacterial species, geographical location, hospital settings, patient groups, and the type
of infection. Additionally, the extensive misuse and overuse of these antibiotics leads
to the emergence and spread of ESBL?*?! While Klebsiella pneumoniae and
Escherichia coli are the primary ESBL-producing bacteria worldwide, ESBL enzymes
can be identified in other Enterobacteriaceae family members as well as certain non-
fermenting bacteria. The presence of ESBL-producing bacteria can lead to a diverse
range of infections, varying from simple urinary tract infections, diarrhea, and skin
infections to severe life-threatening conditions, such as septic shock, pneumonia,
gastroenteritis, and nosocomial infections.?

ESBL-producing organisms can be transmitted in both clinical and community settings
through direct contact with bodily fluids such as blood, wound drainage, urine, and
phlegm of an infected individual. They can also be spread through contact with
contaminated equipment or surfaces, such as catheters or surgical instruments, as well

as through contaminated hands.

1.1  Statement of Problem.

An analysis has been conducted on ESBL and Quinolone. ESBL is one form
of Gram-negative bacterium that may lead to infections in humans, animals, and
plants. Antibiotic resistance in Enterobacteriaceae has become a major concern
globally in the last decade, despite the widespread use of B-lactams as the primary
treatment for severe infections caused by these bacteria.?® Therefore, developing a
suitable investigation into the co-resistance of ESBL and Quinolone among Gram-
negative bacterial strains is crucial to obtaining a desirable outcome. Previous
knowledge and experience in creating a reasonable explanatory arrangement can have

an important impact in assisting in the analysis.

1.2 Justification.

Various studies have shown ESBL and quinolone activity. However, little is
done on the Co-resistance of ESBL producing and quinolone resistance among gram-
negative enteric bacteria strains in clinical samples in Turkish Republic of Northern
Cyprus (TRNC). The objective of this study is to examine the co-resistance of ESBL-
producing and quinolone resistance among gram-negative enteric bacteria strains in

clinical samples in TRNC.



1.3 Purpose of the Study

The purpose of this study was to identify co-resistance ESBL producing and
quinolone resistance among gram-negative enteric bacteria strains in clinical samples
hospital, compare and evaluate different phenotypic methods currently in use.

To identify the fluoroquinolone resistance among ESBL producing gram-
negative enteric bacteria strains in clinical samples in hospital settings, to assist

clinicians for easy and correct drug of choice.

1.4 Intended Outcome of Thesis/Significance
To determine anti-biograms that will guide clinicians in prescribing proper

antibiotic and controlling hospital infections.

1.5  Limitation of Study
This research work is limited to the investigation of the Co-resistance of ESBL
producing and quinolone resistance among gram-negative enteric bacteria strains in

clinical samples.

1.6 Scope of Study
The study was carried out on isolates gotten from Near East University Teaching
Hospital, to identify and investigate the Co-resistance of ESBL producing and

quinolone resistance among gram-negative enteric bacteria strains.

1.7  Area of Study
This research work was carried out in the microbiological laboratory of Near
East University, TRNC.



CHAPTER TWO
Literature Review

2.1  Enterobacteriaceae

The family of gram-negative bacteria known as Enterobacteriaceae was first
proposed by Rahn in 1936 and has since grown to include over 30 genera and more
than 100 species.?* While some classifications place it in the order Enterobacterales of
the class Gammaproteobacteria in the phylum Pseudomonadota.?>? In 2016 the
family's description and members were modified based on comparative genomic
investigations.?® These bacilli are typically 1.5um in length and appear as medium to
large sized grey colonies on blood agar, although some can express other pigments.
Salmonella, Klebsiella, Escherichia coli, Proteus, Shigella, Citrobacter, and other
species are among the pathogens in this family, many of which are found in the human
intestinal tract and are a part of the gut microbiota.®® Others can be found in water or
soil or can be parasites on a variety of different plants and animals.3! However, the
classification of this family above the level of family is still a topic of debate.

Enterobacteriaceae are commonly motile bacteria, propelled by flagella,
although there are some genera that are non-motile. Petrichous type 1 fimbriae are used
by most Enterobacteriaceae for adhesion to their host cell.®? They are gram-negative
pseudomonadota and are facultative anaerobes. They ferment sugar to produce lactic
acid and other end products, and some are capable of reducing nitrate to nitrite.*® The
presence of cytochrome c oxidase and catalase reactions vary among
Enterobacteriaceae. These bacteria are well-known for producing endotoxins that are
contained in their cell walls and are released upon cell lysis. Certain
Enterobacteriaceae can produce endotoxins that cause a systemic inflammatory and
vasodilatory response when released into the bloodstream, with the most severe form
being endotoxin shock which can be deadly.3!
2.2  Escherichia Coli

The bacterium known as Escherichia coli (E coli) was first identified by
Theodor Escherich, a German pediatrician and bacteriologist in 1885.3* E coli is a
bacterium that has a rod-shaped, gram-negative structure, and it can function as a
facultative anaerobe. Its size can be measured as approximately 2.0 um in length and
0.25 um-1.0 um in diameter, with a total volume of 0.6 um-0.7 pm.*® It is a member
of the coliform group of bacteria and possesses a flagellum with a petrichous
arrangement that allows it to swim.*® E coli attaches to and effaces the microvilli of



the intestine using an adhesion molecule called intimin. E coli is typically present in
the lower intestine of warm-blooded organisms. Although the majority of E coli strains
are benign, certain serotypes can be pathogenic and pose a threat to the host's health.

Around 0.1% of the human gut microbiota comprises harmless E coli strains
and other facultative anaerobes, which can be beneficial to their host by producing
vitamin K2 and preventing colonization of the intestine by pathogenic bacteria, thus
establishing a mutualistic relationship.3"-*8 However, pathogenic E coli strains produce
toxins and other virulence factors that enable them to inhabit parts of the body not
normally colonized by E coli and cause damage to the host cells.*® The genes
responsible for pathogenicity are carried exclusively by the virulence genes of these
pathogens and are not found in normal E coli strains.

Figure 1

E coli under the microscope, gram stain technique- hanging drop method.*

o f
.li

2.2.1 E coli Mode of Transmission

The primary mode of transmission for pathogenic strains of the bacterium is
through fecal-oral contact.** This can occur via various means, including unhygienic
food preparation, agricultural contamination from manure fertilizer, irrigation of crops
with polluted greywater or raw sewage,*? feral pigs on farms,*® ingestion of sewage-
infected water,** and other routes. Cattle, especially dairy and beef cattle, are
significant carriers of E coli O157:H7 and can shed it in their feces without displaying
symptoms.*® Food products such as cucumber, raw ground beef, raw seed sprouts or
spinach,*® raw milk, unpasteurized juice, unpasteurized cheese, and food contaminated
by ill food workers through the fecal-oral pathway have all been associated with E coli

outbreaks.



According to the U.S. Food and Drug Administration, several measures can be
taken to break the fecal-oral cycle of transmission. These include pasteurizing juice or
dairy products, following proper hand washing guidelines, properly cooking food,
preventing cross-contamination, and implementing health care policies so that food
industry employees seek treatment when they are ill. Additionally, instituting barriers
like gloves for food workers can also be effective. Testing environmental samples for
fecal contamination is often done using indicator organisms since cells are only able
to survive outside the body for a limited amount of time, making them ideal for this
purpose.3
The characteristics that trigger an immune response can be used to classify pathogenic
E coli strains.

O antigen: This is the outer membrane of an E coli cell which contains millions of
lipopolysaccharide(LPS) molecules they consist of;

O antigen, a polymer of immunogenic repeating oligosaccharides (1-40 units)

Core region of phosphorylated non-repeating oligosaccharides

Lipid A also known as endotoxin.?®

K antigen: The acidic capsular polysaccharide (CPS) is a thick, mucous-like, layer of
polysaccharide that surrounds some pathogen E coli. There are two separate groups of
K-antigen groups, named group | and group II.

Group | K antigens are only found with certain O-antigens (08, 09, 020, and
0101 groups), they are further subdivided on the basis of presence of amino sugars
and some group | K-antigens are attached to the lipid A-core of the lipopolysacc
haride (Kyps), in a similar way to O antigens.?

Group Il K antigens closely resemble those in gram positive bacteria and greatly
differ in composition and are further subdivided according to their acidic components.

Generally, 20-50% of the capsular polysaccharide (CPS) chains are bound to

phospholipids. In total there are 60 different K antigens that have been recognized.
H antigen: The H antigen is a major component of flagella, involved inE
coli movement. It is generally encoded by the fliC gene. There are 53 identified H
antigens, numbered from H1 to H56 (H13 and H22 were not E coli antigens but
from Citrobacter freundii and H50 was found to be the same as H10).%



2.2.2 Features of Virulence:
Based on their virulence traits and serological traits, enteric E coli (EC) are
categorized.*® Below are a list of the main E coli pathotypes that cause diarrhea.

¢+ Enterotoxigenic E coli (ETEC): Causes diarrhea without fever in both humans and
animals. The intestinal lumen is not left behind by ETEC strains, making them
noninvasive. ETEC is the most prevalent bacterial cause of traveler's diarrhea and the
primary bacterial cause of diarrhea in children in poor countries. ETEC is thought to
affect 840 million people annually in poor nations. The majority of these cases about
280 million and 325,000 deaths affect children under the age of five.*°

¢ Enteropathogenic E coli (EPEC): Causes of diarrhea in people and animals. EPEC
induces diarrhea, although the aetiology and colonization molecular processes are
distinct. Although EPEC lack ST and LT toxins, they attach host intestinal cells using
an adhesin called intimin. A variety of virulence factors present in this pathotype are
comparable to those in Shigella. Actin in the host cell is rearranged as a result of
adhesion to the intestinal mucosa, significantly deforming the cell. Invading host cells
with a modest degree of invasiveness, EPEC cells cause an inflammatory reaction. In
those with EPEC, changes in intestinal cell ultrastructure brought on by "attachment
and effacement” are probably the main cause of diarrhea.

«» Enteroaggregative E coli (EAEC): This is exclusively found in humans causing watery
diarrhea. EAEC are so-called because they attach to the intestinal mucosa and induce
watery diarrhea without a fever. They have fimbriae that gather tissue culture cells.
EAEC don't do any harm. They generate an ETEC-like hemolysin and a ST
enterotoxin.

¢ Enteroinvasive E coli (EIEC): Only humans carry this bacteria which causes either
bloody or non-bloody diarrhea. Shigellosis-like symptoms, including excessive
diarrhea and a high temperature, are brought on by EIEC infection.

¢+ Enterohemorrhagic E coli (EHEC): This is mostly found in humans and animals either
bloody or non-bloody. The pathotype's most notorious member, strain O157:H7, is
known for its violent diarrhea and lack of fever. Hemolytic uremic syndrome and
unexpected renal failure can be brought on by EHEC. It is fairly invasive, employs
bacterial fimbriae for attachment (E coli common pilus, ECP® and has a phage-
encoded shiga toxin that can cause a significant inflammatory reaction.

% Adherent-Invasive E coli (AIEC): This is only found in humans. AIEC may enter

intestinal epithelial cells and carry out intracellular replication. It is believed that hosts



with compromised innate immunity are more conducive to AIEC proliferation. When
someone has Crohn's disease®® and they are connected to the ileal mucosa.

+ In addition Shiga toxin-producing E coli (STEC); notably serotype O157:H7, have
been transmitted by flies®>* and also close contact with farm animals, petting zoo

animals® and airborne particles common in animal-rearing facilities.>

2.2.3 E coli Associated Diseases.
2.2.3.1 Gastrointestinal Infection.

Some strains of E coli produce potentially fatal toxins, causing food poisoning
that can be contracted by eating unclean or undercooked vegetables or improperly
slaughtered and undercooked meat. The O157:H7 strain is infamous for producing
severe and sometimes fatal side effects, such as hemolytic-uremic syndrome.>” In
2006, a fresh spinach-related E coli epidemic occurred in the United States and was
associated with this specific strain. Another highly dangerous strain is 0104:H4, which
has less defined antibiotic and supportive therapy procedures. This strain can be very
enterohemorrhagic, causing bloody diarrhea, but it is also more enteroaggregative,
meaning it adheres well and clumps to intestinal membranes. In June 2011, this strain
caused a catastrophic E coli epidemic in Europe. While the infection is typically
moderate, it can be deadly, especially for small children, the elderly, or those with
impaired immune systems.

E coli has the ability to generate two kinds of enterotoxins: heat-stable and
heat-labile. The heat-labile toxins are structurally and functionally similar to cholera
toxins and comprise one A subunit and five B subunits that together form a holotoxin.
The A subunit acts by cleaving and inhibiting the absorption of water by cells, which
causes diarrhea, while the B subunits aid in the attachment and entry of the toxins into
the host's intestinal cells. The heat-labile toxins are secreted via the Type 2 secretion
pathway.>® They typically cause peritonitis, which can be fatal if not treated, when they
escape the intestinal wall through a hole caused by an ulcer, a ruptured appendix, or a
surgical error, and enter the abdominal cavity. Fortunately, drugs such as streptomycin
or gentamicin are quite effective against E coli Nonetheless, recent research indicates
that treating enteropathogenic E coli with antibiotics may not modify the course of the
disease and could significantly raise the risk of developing hemolytic-uremic

syndrome.*



10

A conducted research indicated a correlation between elevated levels of E coli
in the intestinal mucosa and inflammatory bowel diseases like Crohn's disease and
ulcerative colitis.?® It was also found that the presence of invasive E coli strains in
inflamed tissue and the amount of bacteria present are linked to the severity of
intestinal inflammation.® Furthermore, the body may produce memory T cells to fight
bacteria in the gastrointestinal tract in response to gastrointestinal diseases.
Researchers®? have suggested that the immune system may respond to gut bacteria

following food poisoning, potentially leading to inflammatory bowel disease.

2.2.3.2 Urinary Tract Infection

2.2.3.2.1 Uropathogenic E coli (Upec): This is responsible for around 90% of
urinary tract infections (UTI) in people with typical anatomy.*® Fecal bacteria colonize
the urethra in ascending infections, moving up the urinary canal to the bladder, kidneys
producing pyelonephritis®® or in men, the prostate. Women are 14 times more likely

than males to have an ascending UTI due to the shorter urethra in women.*

Figure 2

E coli bacteria growing on mini-guts®

P fimbriae (pyelonephritis-associated pili) are used by uropathogenic E coli to
bind urinary tract urothelial cells and colonize the bladder. The uroepithelial cells are
selectively bound by these adhesins.*® This receptor is only present in around 1% of
people and whether it is present or not determines whether a person is susceptible to E
coli urinary tract infections. Alpha (o) and beta () hemolysins, which are produced
by uropathogenic E coli and induce the lysis of urinary tract cells.

The Dr family of adhesins, which are notably linked to cystitis and pregnancy-

associated pyelonephritis,®® is another virulence factor that is frequently present in


https://blogs.bcm.edu/2020/09/01/from-the-labs-image-of-the-month-e-coli-bacteria-growing-on-mini-guts/
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UPEC. The Dr adhesins bind the Dr blood group antigen (Dra), which is found on
erythrocytes and other cell types as decay accelerating factor (DAF). There, the Dr
adhesins trigger a number of signal transduction cascades, including activation of PI-
3 kinase, as well as the growth of lengthy cellular extensions that encircle the
bacterium.®3

By infiltrating superficial umbrella cells to create intracellular bacterial
populations (IBCs), UPEC can circumvent the body's innate immune defenses such as
the complement system.®® They can also produce K antigen, a kind of capsular
polysaccharide that aids in the development of biofilms. E coli that produces biofilms
is resistant to immunological stimuli and antibiotic treatment and it frequently causes
chronic urinary tract infections.%” Upper urinary tract infections are caused by E coli
that produce K antigen which are rather prevalent.
Despite being extremely uncommon, descending infections can occur when E coli cells
go from the bloodstream to the upper urinary system organs such as kidneys, bladder

or ureters.*8

2.2.3.3 Neonatal Meningitis (NMEC)

The K1 capsular antigen, produced by a specific E coli serotype, is responsible
for causing bacteremia in newborns. This strain is commonly found in the mother's
vaginal area and can colonize the intestines of the newborns, leading to meningitis.
Due to the absence of IgM antibodies from the mother,% the K1 antigen is mistakenly
identified by the infant's body as its own due to its similarity to cerebral glycopeptides,

ultimately leading to severe meningitis.

2.2.34 Colorectal Cancer

Certain strains of E coli contain a genomic island called a polyketide synthase (pks),
which encodes a multi-enzymatic system capable of producing colibactin, a compound
that can damage DNA. Approximately 20% of individuals have E coli colonies that
carry the Pks Island.®® Colibactin has been linked to the development of cancer’® and
cellular senescence’™ by causing DNA damage. However, E coli is unable to penetrate
the mucosal barrier and reach the surface of enterocytes. Inflammatory conditions,
which reduce mucin synthesis,’? are necessary for the bacteria to transport colibactin

to enterocytes and cause tumorogenesis.”
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2.2.3.5 Diseases in Animals

Various viral strains of E coli in animals have been linked to several illnesses,
including sepsis and diarrhea in newborn calves, acute mastitis in dairy cows, and
colibacillosis,’* which is associated with chronic respiratory disease in poultry caused
by Mycoplasma. This disease can result in perihepatitis, pericarditis, septicaemic
lungs, peritonitis, and other complications. In addition, E coli is responsible for
Alabama rot in dogs and other illnesses. Although most poultry serotypes are only
harmful to birds, the source of E coli in birds is not considered a significant cause of
infections in other animals. In fewer instances, virulent strains can also cause gram-

negative pneumonia, peritonitis, mastitis, septicemia and hemolytic uremic syndrome.

2.3 Klebsiella Pneumoniae

Klebsiella, a genus of bacteria, was named in honor of German scientist Edwin
Klebs (1834-1913), who discovered the bacteria in the airways of people who died
from pneumonia in 1875. It is also referred to as Friedldnder's bacillus after German
pathologist Carl Friedldnder (1882), who postulated that this bacteria was the cause of
pneumonia. It is most common in immunocompromised individuals, including those
with chronic illnesses, alcoholism, or diabetes mellitus. Klebsiella pneumoniae, the
strain responsible for community-acquired pneumonia,” is a rod-shaped, gram-
negative, non-motile, encapsulated, facultatively anaerobic, lactose-fermenting
bacteria that appears as a mucoid lactose fermenter on MacConkey agar. Although it
is part of the normal flora of the mouth, skin, and intestines,’® it can cause harm to
human and animal lungs when inhaled, as it colonizes the oropharynx and
gastrointestinal (GI) tract mucosa of humans. Magill et al (2014)"" have reported that
E coli is responsible for various infections in humans such as respiratory tract
infections, urinary tract infections (UTIs), intra-abdominal infections, meningitis,
pyogenic liver abscesses, and bloodstream infections. If aspirated, it can damage the
alveoli, resulting in crimson, brownish, or yellow sputum that resembles jelly, and it
exhibits significant levels of pathogenicity and antibiotic resistance once it enters the
host.

It is the most important member of the Enterobacteriaceae genus Klebsiella in
the clinical context. Clinical samples from humans have also shown the presence of K
oxytoca and K rhinoscleromatis. Klebsiella species are now recognized as significant

nosocomial infection pathogens, and in the United States, they have been identified as
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the third most common cause of healthcare-associated infections (HAIS) at 9.9%, after
Clostridium difficile and Staphylococcus aureus.””

About 30% of the strains can fix nitrogen under anaerobic circumstances and
they are found in the soil where it naturally exists. As a free-living diazotroph, K
pneumoniae’s nitrogen-fixation mechanism has undergone extensive study and is of
agricultural importance since it has been shown to boost crop yields in agricultural

settings.’®

Figure 3

K pneumoniae on MacConkey agar.”

2.3.1 Virulence Factors

The most significant virulence factor possessed by Klebsiella pneumoniae is
its complex acidic polysaccharide capsule, which protects it from opsonophagocytosis
and serum death by the host organism. There are currently 77 identified capsular
forms, and Klebsiella species that lack capsules are generally less pathogenic.®

In addition, K pneumoniae has lipopolysaccharides (endotoxin) covering its
outer surface. Upon sensing these lipopolysaccharides, the host organism experiences
an inflammatory cascade, contributing to the effects of sepsis and septic shock. The
bacterium also forms various fimbrial and non-fimbrial adhesins, allowing it to adhere
to host cells and essential to the infectious process.®® A research report in 2018, noted
that siderophores represent another critical virulence factor that enables the bacterium
to obtain iron from the host, thus facilitating its dissemination.®!

There are host variables that increases the risk of infection and colonization.

These are; Admission to a ward or healthcare facility, protracted/ usage of intrusive
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devices, shabby infection prevention methods, people with alcohol consumption
disorder, long-term consumption of broad-spectrum antibiotics, taking corticosteroids
and the immunocompromised with conditions such as chronic obstructive pulmonary
disease (COPD), peripheral vascular disease, kidney disease or bile disease, diabetic
and cancer patients. Bacteria can infect a host directly or indirectly through an
aspirated oropharynx and the symptoms and course of treatment can be determined

depending on where the infection is located.

2.3.2 Epidermiology

K pneumoniae mainly inhabits humans 5% to 38% of individuals in the
general population carrying the organism in their feces and 1% to 6% in their
nasopharynx. The patient's digestive system and the hands of hospital staff are the
primary sources of infection® which can result in nosocomial epidemics. However,
individuals of Chinese ancestry and those with persistent alcoholism are more likely
to be colonized by K pneumoniae. Hospitalized patients have higher carrier rates than
the general population, with up to 77% of patients' feces showing colonization rates
associated with the number of antibiotics administered.®
Infections caused by K pneumoniae are considered an endemic opportunistic pathogen

that imposes a substantial burden on healthcare in all affected body locations.

2.3.3. Klebsiella pneumoniae Associated Diseases
2.3.3.1 Klebsiella pneumonia

The most frequent illness brought on by Klebsiella bacteria outside of a
hospital is pneumonia, most frequently seen as bronchopneumonia and bronchitis.
These individuals are more likely to experience pleural adhesions, lung abscess,
cavitation and empyema. Even with antibiotic treatment, it has a fatality rate of about
50%.

K pneumoniae can cause two types of pneumonia: community-acquired
pneumonia and hospital-acquired pneumonia. While relatively uncommon,
community-acquired pneumonia is still a relatively frequent diagnosis, with K
pneumoniae responsible for approximately 3% to 5% of these cases in the west while
they can account for 15% of pneumonia infections in underdeveloped nations like
Africa.
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K pneumoniae is a significant cause of hospital-acquired pneumonia globally,
accounting for approximately 11.8% of cases.®* K pneumoniae is the leading cause of
ventilator-associated pneumonia, accounting for 8% to 12% of cases, whereas it only
accounts for 7% of pneumonia cases in non-hospitalized individuals.®>®® Individuals
with alcoholism and septicemia have a mortality rate ranging from 50% to 100% when
infected with K pneumoniae. Moreover, K pneumoniae is now recognized as the most
frequent cause of hospital-acquired pneumonia in the United States.’’ Patients with
COPD, hospital-acquired urinary tract infections, and those who aspirate are also at
risk.

The host's defense against K pneumoniae invasion relies on two crucial
factors: polymorphonuclear granulocytes that phagocytose the bacteria and serum
complement proteins that exhibit bactericidal properties. During K pneumoniae
infection, the alternative complement activation pathway is known to be more active.
Studies have shown that lipopolysaccharide-binding protein and neutrophil
myeloperoxidase play a crucial role in defense against K pneumoniae pathogenesis.
Elastase's oxidative inactivation is also involved, and LBP facilitates the transfer of
bacteria's cell wall components to the cells. Common symptoms of K pneumoniae
infection include fever, nausea, tachycardia, vomiting, and coughing up a distinctive
sputum. Individuals with underlying health conditions such as alcoholism are more

susceptible to K pneumoniae infection.

2.3.3.2 Hypervirulent Klebsiella pneumonia

A novel strain of K pneumoniae known as hypervirulent (HVKP) is
significantly more virulent than the typical K pneumoniae (cKp). While cKp is an
opportunistic  pathogen that wusually causes nosocomial infections in
immunocompromised patients,®” HVKP is a greater clinical concern as it can infect
almost any part of the body and can even affect healthy individuals in the community.
This pathotype is characterized by a large virulence plasmid and potentially other
conjugative elements that contain the genetic components responsible for its
heightened virulence.

Initially observed in the Asian Pacific Rim with high mortality rates,
hypervirulent Klebsiella pneumoniae (HVKP) has now become a global
phenomenon.®-%° Unlike the original cKp, which mainly affects immunocompromised

patients in healthcare facilities, HVKP poses a greater threat as it can infect healthy
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individuals in the community and cause infections in almost any part of the body,
including endophthalmitis, necrotizing fasciitis, pneumonia, and meningitis. When
highly drug-resistant cKp strains acquire virulence traits unique to HVKP, it leads to
the emergence of novel HVKP strains causing nosocomial infections. The
hypermucoviscous phenotype is a visual characteristic of these strains, and a string test
can aid in the diagnosis. However, there are currently no universal guidelines for
diagnosis and treatment, and further tests and treatments are decided on a case-by-case
basis.

These recently discovered strains were reported as overproducing siderophores for iron
uptake and other capsule components. Although early research indicated that HVKP
is rather responsive to antibiotic therapy, it has subsequently been demonstrated that
such strains can pick up resistance plasmids and develop multiple resistances to
different antibiotics.

To contract K pneumoniae, a person must come into contact with the
bacterium, either in the bloodstream or the respiratory system. In healthcare settings,
the transmission of K pneumoniae can occur through direct contact with infected
patients or contaminated surfaces, such as the hands of medical staff or other patients.
Although the role of environmental transmission remains uncertain and requires
further research, K pneumoniae does not spread through the air. Patients on ventilators,
with intravenous catheters, or open wounds are at an increased risk of exposure to K
pneumoniae in medical settings. Medical equipment and procedures also pose a risk
for K pneumoniae entry into the body and subsequent infection.

K pneumoniae is the second most prevalent gram-negative bacterium
responsible for causing bloodstream infections (BSI), following E coli.”” While liver
disease and diabetes mellitus have been strongly associated with community-acquired
(CA) K pneumoniae BSI, cancer is the primary underlying condition linked to BSI
acquired in hospitals.®® BSI may result from an initial infection without a known cause.
It is worth noting that BSI often occurs as a secondary infection that spreads into the
bloodstream from an identified source. The urinary system, gastrointestinal tract,
intravenous or urinary catheters, and pulmonary sites are common sources of
secondary BSI. K pneumoniae-induced bloodstream infections (BSI) have a case
fatality rate ranging from 20-30%, and the estimated population mortality rate is 1.3
per 100,000 individuals.®
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2.3.3.3 Urinary Tract Infection: K pneumoniae has been identified as a cause of
catheter-associated UTIs (CAUTIs) when it enters the urinary tract. Klebsiella has the
ability to adhere to catheters and form biofilms which is believed to facilitate
infections.®? In addition, Klebsiella is responsible for infections at surgical sites and
wounds, accounting for about 13% of all Klebsiella infections.’” Individuals who have
long-term urinary catheterization, which involves inserting a tube into the body to
drain and collect urine from the bladder, or kidney disease® and those with a uterus
are at an increased risk of developing these infections, although they can affect

anyone.%*

2.3.3.3.1 Symptoms Include:

Urge to urinate often, burning and discomfort during urination, bloody or murky urine.
Passing tiny quantities of urine, back or pelvic pain, lower abdominal discomfort and
fever. Chills, dizziness, nausea and side and upper back discomfort.

Those who get an upper or lower UTI. Both have comparable symptoms but upper
UTlIs are more severe than lower UTIs and may involve more systemic symptoms.
The majority of UTI sufferers will exhibit symptoms. Patients who have comparable
symptoms most likely don't have a UTI but their urine test results are abnormal and

suggest that they do.

2.3.3.4 Skin Infection or Soft Tissues: K pneumoniae can enter the body through a
skin break and cause infections in the skin or soft tissues, often resulting from surgical
wounds or traumatic injuries. These infections can lead to various illnesses such as
myositis, necrotizing fasciitis, and cellulitis. Symptoms may include fever, redness,
swelling, discomfort, flu-like symptoms, exhaustion, as well as wounds or ulcers that
may develop on the lining of the stomach, small intestine, or esophagus, depending on
the type of infection.

2.3.3.5 Meningitis: Although rare, K pneumoniae can cause bacterial meningitis,
which is characterized by inflammation of the membranes surrounding the brain and
spinal cord. This happens when the bacteria invade the fluid around these structures.
Most cases of K pneumoniae meningitis occur in medical facilities.*® Symptoms of

meningitis usually appear abruptly and include a high fever, headache, and a stiff neck.
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Other signs may include nausea, vomiting, sensitivity to light (photophobia),

confusion, and in rare cases, seizures.

2.3.3.6 Endophthalmitis: K pneumoniae can spread to your eyes and cause
endophthalmitis if it is present in your blood. It is an infection that can make the white
of your eye swell and eventually cause blindness. In Western nations, this kind of
endophthalmitis is uncommon.® Eye discomfort, redness, white or yellow discharge,
white cloudiness on the cornea, photophobia, and impaired vision are possible

symptoms.

Figure 4
A previously healthy 33 year old Chinese male presented with endophthalmitis.®’

2.2.3.7 Abscess with Pyrogenic Liver: In the United States, more persons have
experienced a pyogenic liver abscess as a result of K pneumoniae in recent years.®
People who have diabetes, an alcohol use disorder or who have been taking antibiotics
for a long time are more likely to develop K pneumoniae liver abscesses.®® Frequent
signs and symptoms include: Fever, upper right abdominal discomfort, nausea,
vomiting and diarrhea with blood contamination.

When K pneumoniae enters your body, it can cause bacteremia or the presence
of germs in your blood. Primary bacteremia occurs when K pneumonia directly
invades your circulation. Secondary bacteremia occurs when K pneumoniae spreads
to your blood from an infection in another part of your body. A study conducted in
2016 found that approximately 50% of blood infections caused by Klebsiella bacteria
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originate from infections in the lungs.!® Symptoms of bacteremia often occur
suddenly and may include shaking, chills, or fever. Prompt treatment for bacteremia is
necessary as it can progress to sepsis, a severe reaction of the body to an infection,
which can be life-threatening if left untreated.

Middle-aged and older males are more likely to have crippling illnesses than
women. This patient group, which includes people with diabetes, alcoholism, cancer,
liver illness, chronic obstructive lung disorders, glucocorticoid medication, renal
failure, and some occupational exposures, is thought to have weakened respiratory host
defenses (such as paper mill workers). Many of these illnesses (nosocomial infections)
are acquired when a person is in the hospital for another cause.

In addition to pneumonia, Klebsiella can also infect the lower biliary system.
Pneumonia, thrombophlebitis, cholecystitis, diarrhea, upper respiratory infection,
osteomyelitis and sepsis are among the list of clinical disorders. The danger of device
contamination increases for patients who have invasive devices in their bodies
including those used in newborn wards, respiratory support devices and urine
catheters.'®* The likelihood of nosocomial infection with Klebsiella bacteria can also
be influenced by the use of antibiotics. When germs enter the bloodstream, sepsis and
septic shock may occur.

Elderly adults with urinary tract infections, Klebsiella comes in second place
to E coli. Also, it is an opportunistic infection for those who have intestinal
pathogenicity, rhinoscleroma, nasal mucosa atrophy, and chronic pulmonary illness. K
pneumoniae is developing new strains that are resistant to antibiotics.

2.4 Proteus Mirabilis

In 1885, Gustav Hauser, a German pathologist, first discovered a
microorganism with an exceptional ability to evade the host's immune system.02
Hauser named this species Proteus after the Greek god who could change his shape.
The Proteus genus comprises Gram-negative, rod-shaped bacteria belonging to the
Enterobacteriaceae family.’%® Proteus mirabilis is a gray, smooth, domed-shaped,
facultatively anaerobic, gram-negative rod with rounded edges that exhibits urease
activity and swarming motility. P mirabilis is commonly found in the environment,
such as soil, water, and the gastrointestinal tracts of animals and humans.** It is known
for its swarming ability over agar surfaces and its capability to outcompete other

microorganisms, making it a notable bacterium in clinical laboratories and
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microbiology survey courses. It is a lactose-negative, indole-negative, hydrogen
sulfide-producing, motile, and urease-positive Gram-negative rod. %

In healthy subjects, it is an opportunistic pathogen that makes up less than
0.005% of the human gastrointestinal microflora.!®® Although normally not harmful
but can cause problems when it comes into touch with urea in the urinary tract.
Infection may then spread to different body parts from there. P mirabilis is responsible
for about 90% of all Proteus infections in people which are considered community
acquired infectionl%-19 Patients with a history of recurrent infections, structural
abnormalities in their urinary system, urethral instrumentation, hospitalization, and co-
infection with organisms such as Klebsiella, Enterobacter, Pseudomonas,
Staphylococci, and Enterococci are more susceptible to Proteus infections. '

One distinguishing characteristic of P mirabilis as first described by Hauser in
1885, is its capacity to transform from short vegetative swimmer cells to an elongated
and highly flagellated when found in swarmer forms!!! Its genome contains the genetic
instructions for at least 10 adhesion molecules, making it incredibly sticky and mobile
motile thanks to adhesion and swarming growth elements. This causes it to thrive
easily by evading the host's immune system and avoiding capture. It also forms a
concentric rings during its swarming movement on a blood agar plate thereby making
it simple to identify.

P mirabilis can be detected in cases of asymptomatic bacteriuria, particularly in the
elderly and individuals with type 2 diabetes, and can cause symptomatic urinary tract
infections such as cystitis and pyelonephritis.}'?!® These infections can progress to
bacteremia, leading to life-threatening urosepsis. Furthermore, P mirabilis infections
can also result in the development of urinary stones (urolithiasis).

Figure 5

Colonies of Proteus mirabilis bacteria grown on a xylose-lysine-deoxycholate
(XLD) agar plate.***
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Although it is debatable whether P mirabilis is a pathogen, a temporary organism or a
commensal, it is frequently isolated from the digestive tract''® It was also reported in
a research, that the majority of urinary tract infections (UTIs) caused by P mirabilis
result from bacterial migration from the gastrointestinal tract to the catheter lumen or

from contaminated urine along the catheter's mucosal sheath.16

2.4.1 Virulence Factors

Proteus species have been found to be capable of spreading infections,
particularly in hospital settings. The transmission of these illnesses is likely to occur
through person-to-person contact, where the skin or oral mucosa of patients and staff
members become colonized. Despite not being a common cause of nosocomial
infections, there have been documented cases of Proteus species causing infections in
healthcare facilitie.2?®" Some evidence suggests that certain patients with Proteus
mirabilis urinary tract infections may have the same strain of bacteria in their feces,

while others do not.!18

2.4.2 Urease

Normally, urine has a neutral or slightly acidic pH. However, when a patient
wears a catheter for an extended period, crystalline deposits from the urine can form a
crust around the catheter, obstructing the flow of urine through the urethra. The
encrusted crystals on the catheter provide an opportunity for P mirabilis to colonize in
large numbers and hydrolyze urea, which increases the environmental pH through the
production of ammonia.*®

Hydrolysis of urea by urease results in the production of ammonia and carbon
dioxide. Many types of bacteria prefer ammonia as a nitrogen source, which can be
incorporated into biomolecules. Urease activity causes an increase in local pH due to
the release of ammonia. In the urinary tract, this alkaline pH can lead to the formation
of urinary stones composed of calcium phosphate (apatite) and magnesium ammonium
phosphate (struvite), as well as the precipitation of calcium and magnesium ions.*? It
majorly causes the formation of urinary stones, which mediates pathogenicity. These
stones can harm tissue, obstruct urine flow and grow quite large >1 cm?.1222 Similar
crystals have been observed in urinary epithelial cells cultured in a laboratory that have

been infected with invasive P mirabilis.1%
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Although other bacterial species that produce urease are associated with
catheter-associated UTIs, only P mirabilis has been positively correlated with catheter
obstruction. Urinary stones can become colonized by bacteria, providing a protective
environment that shields pathogens from antibiotics and the immune system.'* This
can make urinary stones a focal point for other bacterial species to cause UTIs.
Figure 6
The presence of P mirabilis in a bladder stone induced by urease can be observed in

the following images: A) A quarter section of the bladder of an experimentally
infected mouse (500 um scale bar). B) A higher magnification of the area highlighted
in panel 4 (100 um scale bar). C) A further magnified view of the region indicated in

panel B, revealing individual bacteria (Sum scale bar).***

2.4.3 Flagella and Swarming Motility

Multicellular, flagellated bacteria can engage in a specialized type of
movement called swarming, which aids in the spread of their populations to new areas
Howery KE, et al. (2015). In the case of P mirabilis, this ability is crucial to its
pathogenesis, as it is linked to the bacteria's capacity to produce virulence proteins.!

In liquid culture, P mirabilis appears as a vegetative cell that measures
approximately 2um in length and is equipped with 4-10 peritrichous flagella that it
uses for forward movement. Swarming cells, on the other hand, only emerge when the
bacteria is grown on solid surfaces, necessitating the capacity to identify such surfaces.
P mirabilis detects solid surfaces by inhibiting the rotation of its flagella, which alerts
the bacteria to its presence. Upon contact with a solid surface and the satisfaction of

other conditions, P mirabilis differentiates into a swarmer cell.
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This differentiation process involves multinucleation, a more than 50-fold
increase in the number of flagella on the cell surface, and elongation of the cell, which
can be up to 50 times longer than the vegetative cell.’>® As the bacteria responds to
external stimuli, the swarming process continues in cyclical populations that migrate,
consolidate, and differentiate.

On solid growth media, this cycle is repeated as P mirabilis forms transparent
coatings and releases hydrogen sulfide gas. The bacteria is characterized by its
peritrichous flagella, which enable a cooperative group motility that allows organisms
to move across the surface of solid media or objects, preventing the growth of unrelated
strains. When two swarming strains overlap, a macroscopically discernible line of
diminished bacterial growth appears, exhibiting a highly distinctive bulls-eye pattern
due to the cells cycling between the vegetative and swarming states.’?® This
phenomenon, known as the Dienes line, is named after its discoverer Louis Dienes in
1946.127

P mirabilis is most frequently found in the urinary system, particularly in
severe or catheter-related infections. It has the ability to swarm across silicone or latex
catheters, making it particularly relevant for catheterized patients.'?812 As several
virulence factors are expressed more frequently during swarming, P mirabilis
colonizing catheters may already be primed to infect the urinary tract. The unique
bulls-eye pattern allows for P mirabilis to be distinguished from other swarming
bacterial species, with each ring developing as the bacteria enter their consolidation
stage and their population grows.!!

Figure 7
Proteus mirabilis swarming phenomenon having peritrichous flagella and

motility.1%
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2.4.4 Biofilm Formation

P mirabilis employs a wide range of virulence factors to initiate catheter-
associated urinary tract infections (CAUTIs). Certain virulence characteristics,
including swarming motility, fimbriae, urease production, capsule polysaccharide, and
efflux pumps, have been associated with their ability to form biofilms.!3!

The exceptional swarming capabilities of P mirabilis are widely recognized.
When an organism grows on solid surfaces, the short, rod-shaped "swimmer cells"
begin to differentiate into very elongated, hyper-flagellated "swarmer cells," which
can arrange themselves into multicellular rafts. These cell rafts can move swiftly and
cooperatively over solid surfaces.*? Hence, the swarming motility of P mirabilis may
facilitate its migration from the periurethral region along the catheter surface to the
urinary bladder, thereby leading to CAUTIs.™*® Inability of P mirabilis to migrate
along the surfaces of catheters has been associated with loss of the swarming capacity
brought on by mutations.'?3
Furthermore, swarmer cells often display heightened expression of virulence factors,
enhancing their ability to adhere to catheter surfaces and bladder epithelium Fraser et
al. (2002). Nonetheless, certain studies have revealed that P mirabilis requires
suppression of swarming to attach to catheter surfaces and initiate biofilm
formation.**31% The initial stage of catheter surface biofilm formation involves the
attachment of fimbriae (adhesins) either to the protein coat derived from bodily fluids
or directly to the catheter material 136-137

One of the distinguishing features of P mirabilis is its ability to form distinctive
crystalline biofilms that frequently lead to catheter encrustation and blockage, further
complicating CAUTIs. Urease enzyme and capsule polysaccharides as two
components of P mirabilis pathogenicity that play a role in the development of
crystalline biofilms (CPSs).1® The vast majority of clinical strains of P mirabilis are
capable of producing an extremely potent urease enzyme, which can elevate the local
urinary pH by breaking down urea in urine into ammonia. When there is local
supersaturation and precipitation of minerals commonly present in urine, such as
calcium phosphate, it usually results in the formation of struvite crystals (ammonium
magnesium phosphate) and hydroxyapatite crystals.'® These crystals are incorporated
into the developing biofilm via a process known as Ureolytic biomineralization,'%
which involves the absorption of crystals produced during the breakdown of urea in
urine. The production of a large amount of highly alkaline ammonia by the urease
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enzyme can cause direct harm to mammalian cells, resulting in tissue damage, and is
also a significant contributor to the development of crystalline biofilms.14°

Aside from P mirabilis' ability to break down urea, it has also been found that
its CPSs accelerate the process of mineral crystal formation.!3 This is due to the acidic
composition of bacterial CPSs, which gives them a strong attraction to electrostatically
bind with metal cations found in urine.

Figure 8

Illustration of various virulence factors that contribute to formation of P
mirabilis biofilms. This depicts the contribution of different virulence factors to the

creation of crystalline biofilms by P mirabilis on catheter surfaces.'#!

Proteus biofilm therapeutic strategies
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2.4.5 Fibriae and Adenesin

Bacterial fimbriae, also known as pili, are hair-like protein structures that
protrude from the bacterial surface and aid in adhesion to surfaces. Gram-negative
bacteria produce a subset of chaperone-usher fimbriae for secretion and assembly.142
Although the exact functions of most of these fimbriae remain unclear, all 17 operons
have been shown to be transcribed, with P mirabilis encoding the majority of them. 143
PCR tests have revealed that at least 14 distinct fimbriae are encoded by 85% of
clinical isolates!*® and transmission electron microscopy has revealed that P mirabilis
can develop multiple fimbrial morphologies simultaneously, unlike other bacteria such
as E coli.'** P mirabilis dedicates a larger portion of its chromosome to encoding
fimbriae than uropathogenic E coli, which typically encodes 9-12 fimbrial operons.14

Studies have shown that P mirabilis -encoded fimbriae play a role in urinary
tract infections (UTIs), as is often the case with fimbriae in other pathogens.!46-14¢ p
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mirabilis can adhere to human uroepithelial cells, regardless of the bacterial source,
which is consistent with the conservation of fimbrial genes in this species.** Although
mutations in fimbrial genes do not prevent bacteria from colonizing the urinary tract,
they do reduce their ability to compete and challenge in direct competition studies,
suggesting redundancy or overlapping functions among the 17 fimbriae.*® P mirabilis
fimbriae have also been evaluated as potential vaccine candidates due to their surface

localization, abundance, and immunogenicity, with moderate success. 0153

2.4.6 Toxins

Several putative toxins have been identified in some strains of P mirabilis as
potential virulence factors. Among them, Proteus toxic agglutinin, metalloprotease,
and hemolysin have been thoroughly characterized. Hemolysins are a type of pore-
forming toxin frequently produced by pathogenic bacteria that are released by the
hemolysin enzyme. These toxins enter eukaryotic cell membranes, causing sodium
ions to leak out and damage the cell. Proteus species have been found to possess two
hemolysins, one calcium-dependent and similar to the f-hemolysin of E coli (hlyA),
and the other calcium-independent.

HpmA is the primary hemolysin in P mirabilis and appears to be the only
hemolysin encoded by the species. It is present in a high percentage of clinical and
fecal isolates of P mirabilis from Brazil and the US.*> HpmA is responsible for
cytotoxicity to human renal proximal tubular epithelial cells and can mediate lysis of
various cell types from different host species, including HRPTECs. HRPTECs act as
a barrier of defense for the kidney parenchyma. The involvement of HomA may be
crucial in facilitating the dissemination of P mirabilis to the kidneys and triggering the

onset of pyelonephritis.>®

2.4.7 Proteus Mirabilis Associated Diseases
2.4.7.1 Urinary Tract Infection and Catheter Associated Urinary Tract
Infection

P mirabilis is a frequent cause of both community-acquired and catheter-
associated UTIs in individuals with structural or functional urinary tract
abnormalities.® This poses a significant challenge for patients who require long-term
indwelling urinary catheterization since they are at a heightened risk of developing
UTIs from the catheter, which can lead to encrusted and obstructed catheters and make
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infections more difficult to treat.’>® Patients may experience painful bladder distension,
pyelonephritis, urine retention, and reflux as a result of these infections, which can
result in severe and potentially life-threatening conditions such as septicemia and
endotoxic shock.!®® Furthermore, when the catheter is removed, it could harm the
mucosa of the bladder and urethra® necessitating the replacement of clogged
catheters to avoid CAUTIs, which results in more nursing visits and emergency
referrals.

The formation of drug-resistant crystalline biofilms has been linked to P
mirabilis persistence in the urinary system, which evades the human immune
response.'®® P mirabilis colonization of the intestinal tract serves as a source for
sporadic colonization of the periurethral area. Upon catheter insertion, the organism
contaminates the urinary catheter and is then transported to the bladder.!!
Exopolysaccharides are produced when a catheter or bladder epithelium is adhered to
urinary bladder, leading to biofilm formation.6*

The incidence of P mirabilis-caused UTIs varies between 1% and 10%
depending on the study's geographic setting, the kinds of samples used to gather data,
and the patient characteristics studied. P mirabilis is responsible for 4% of almost
3,000 UTI cases in the most recent significant North American investigation.®? In
2006, UTIs cost the American healthcare system $3.5 billion and resulted in 11 million
doctor visits'®® P mirabilis is a significant contributor to catheter-associated UTI
(CAUTI), causing 10-44% of long-term CAUTIs and costing $43-256 million in the
US annually.16%164-165 The incidence of P mirabilis infections is higher in severe cases
of urinary tract infections, particularly in patients with spinal cord damage or
anatomical abnormalities.

Elderly individuals experience the highest prevalence of P mirabilis CAUTI,
while receiving long-term catheterization. Recent studies have reported that P
mirabilis is present in 5-20% of cases of Gram-negative bacteremia, particularly in
individuals with concomitant UTI. Geriatric patients with P mirabilis bacteremia have
been reported to have a mortality rate as high as 50%.166-16°

Apart from urinary tract infections, P mirabilis has been associated with
various other infections such as respiratory tract infections, chronic suppurative otitis
media, endophthalmitis (infection of the inner part of the eye), ear infections, nose

infections, skin infections, throat infections, cystitis, pyelonephritis, prostatitis, burns,
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and wounds. It has also been linked to neonatal meningoencephalitis and
meningitis. 16170

It is also a common cause of bacteremia following catheter-associated UTI 17
and in rare cases has been reported to cause cellulitis, endocarditits, mastoiditis,
empyema, and osteomyelitis.’® It has also been suggested that P mirabilis could have
a role in the etiology of rheumatoid arthritis.}’?> Several studies have shown a
connection between P mirabilis and rheumatoid arthritis, whereas others have not. It
is hypothesized that antibodies to the enzymes hemolysin and urease can then detect
self-antigens in rheumatoid arthritis patients.*”

2.5  Antibiotic Resistance

The development of antibiotics is one of the most remarkable accomplishments
of modern medicine and has undoubtedly saved countless lives. Antibiotics have been
critical in managing common, serious, and life-threatening infections, as well as in
preventing complications.!’™® Over the last 75 years, more than 150 antibiotics have
been identified since the discovery of penicillin 1> The emergence of antibiotic
resistance due to inappropriate use and misuse of antibiotics has become a significant
threat to public health and the effectiveness of antibiotics.

The extensive use of B-lactam antibiotics has contributed to the emergence of
resistant Enterobacteriaceae. The production of extended-spectrum p-lactamases
(ESBL) is the primary mechanism of f-lactam resistance, which has led to a global
increase in the prevalence!’®77 of resistance among Enterobacteriaceae species such
as E coli, Klebsiella spp., Enterobacter spp., Proteus spp., Citrobacter spp., Morganella
spp., Salmonella spp., and Serratia spp.*’® which are the leading causes of hospital and
community-acquired infections.179-18

Gram-negative bacteria develop ESBL enzymes as a means of resistance
against extended-spectrum penicillin, cephalosporins, and monobactams, with the
exception of cephamycins and carbapenems. Clavulanic acid, however, can inhibit the
B-lactamase enzyme.1"17%181 The spread of this resistance affects B-lactams and other
commonly used antibiotics such as fluoroquinolones, aminoglycosides, and
sulphonamides®®?18 |eading to the dissemination of multidrug-resistant (MDR)
bacterial strains.'® As a result, morbidity and mortality rates have risen, therapeutic

options are limited, and treatment costs are high.!
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B-lactamase and ESBL genes are frequently carried on highly mobile plasmids
that frequently also harbor resistance genes to other antimicrobial classes'® Infections
can spread between and within hospitals, as well as between the general public and
healthcare facilities, thanks to ineffective infection prevention and control
procedures.’®1% Currently, more than 200 distinct ESBLs have been described in
different regions.!”1”® There have been widespread reports of outbreaks involving
these resistant pathogens in members of the Enterobacteriaceae and Pseudomonas spp.,
which has limited the range of available therapeutic options. ESBL-producing bacteria
are probably more common than is currently believed because they frequently go
unnoticed by standard susceptibility testing procedures.®!

ESBLs can be classified into three main categories: TEM, SHV, and CTX-M.
While E coli and K pneumoniae are the most common ESBL-producing pathogens
globally, other members of the Enterobacteriaceae family and non-fermenters have
also been found to produce these enzymes.!?

Antibiotic resistance is a major concern in hospital settings, where patients may
be exposed to antibiotics and come into contact with the bacterial flora of other patients
if infection control measures are not followed. Antibiotic-resistant bacteria can spread
to other patients, and the problem can worsen if these resistant species transfer
antibiotic resistance genes to other bacteria.!®

Antibiotic resistance can be inherent or acquired. Inherent resistance means
that the drug cannot affect "wild-type™ bacteria that have not been previously exposed
to it. For instance, vancomycin is not effective against gram-negative bacteria.
Acquired resistance can result from mutation or acquisition of new genetic material
from other bacteria. Mutations can prevent antibiotics from affecting the bacterial
target, while the acquisition of genes that encode for -lactamase production can lead
to resistance to antibiotics like Ampicillin by E coli. For example, E coli may be
susceptible to both Ampicillin and Ciprofloxacin but mutation of its genetic material
can lead to Ciprofloxacin resistance.%41%

Figure 9:

Distinction between bacteria that are drug resistant and non- drug resistant
bacteria.!® When non-resistant bacteria are treated with drugs, they die. Drug-
resistant bacteria proliferate even after drug therapy and the bacteria continue to

spread.
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One of the six drug-resistant microorganisms for which new treatments are
urgently required is Klebsiella spp. and E coli, according to a recent research from the
Infectious Diseases Society of America (IDSA) due to the community's increasing
importance of E coli producing ESBL multi drug resistant bacteria.'%’

Unfortunately, resistance to a particular class of antibiotics may develop as a
result of numerous mechanisms of resistance co-operating. Any B-lactam antibiotic
enters the bacterial cell through the outer membrane proteins, which serve as the
antibiotics' entry points. These proteins might be lost which would lower the
antibiotic's absorption and antimicrobial activity. In cases where there is a high
inoculum of organisms, the extensive levels of B-lactamase synthesis may surpass the
effects of B-lactamase inhibitors at certain infection sites, particularly those with a high
organism load, such as intra-abdominal abscesses or severe cases of ventilator-

associated pneumonia.t%®

2.6 Quinolone Resistance

The synthetic antibacterial agent class known as quinolones was first
developed during the period spanning from the late 1980s to the early 1990s. As a
result of its effectiveness, broad spectrum of action, excellent oral absorption, and
nearly absence of side effects, they have been used extensively as treatments in both
human and veterinary medicine.'*-2% Quinolones are the preferred antibiotic since
they are bactericidal to some Gram positive and Gram negative bacteria.?® Their
primary and secondary targets of DNA gyrase and topoisomerase IV respectively,
during the growth and reproduction stages, the quinolone antibiotics interrupt DNA

replication.?®? Initially, resistance to quinolones was considered rare due to their
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remarkable in-vitro effectiveness. However, with the introduction of these drugs, there
has been a rise in the prevalence of resistant strains of Gram-negative bacteria,
including E coli.?%

The utilization of quinolones in veterinary and animal medicine has
experienced a substantial increase due to their selective inhibitory actions against
pathogenic bacterial strains, which account for over 20% of the world's antibiotic
consumption.?® Over the past three decades, there has been a sharp increase in the
prevalence of quinolone resistance, primarily as a result of several bacterial strains
acquiring plasmid-mediated resistance mechanisms,295-2%

Bacteria have developed various mechanisms to counteract the impact of
quinolones in their environment. These include overexpression of proteins needed for
quinolone efflux pumps and uptake systems, changes in determinants that encode
quinolone enzyme targets, and possession of plasmid-mediated quinolone resistance
(PMQR) genes.?"2% |n addition to the original discovery of the plasmid-mediated
resistance gene gnrAl in a clinical isolate of K pneumoniae,*®-?% subsequent research
has identified more quinolone transferable resistance plasmids,?%2%° as well as other
resistance elements, such as efflux pumps.207.210

The global prevalence of quinolone resistance on Enterobacteriaceae that
produce extended spectrum B-lactamases (ESBL) has increased immersely.?!! The
primary cause of quinolone resistance is chromosome mutations that occur in the
quinolone resistance-determining region of the DNA gyrase (gyrA and gyrB) and
topoisomerase IV (parC and parE) genes.?*? Plasmid-mediated quinolone resistance
(PMQR) determinants have been identified, with the gnr protein from the pentapeptide
repeat family being the first to be discovered in a strain of K pneumoniae in the United
States.?®

Topoisomerase and DNA gyrase are in contact with Qnr. To avoid quinolone
inhibition, IV. In the years that followed, the plasmid-mediated gnr determinants qnrB,
gnrC, gnrD, and qnrS, which are all distantly related, were reported in
Enterobacteriaceae. Since the gnr genes are frequently plasmid-integrated, they are
especially vulnerable to interspecies transfer.2%

Moreover, plasmids that carry quinolone resistance genes often harbor other
antibiotic resistance genes, such as extended-spectrum beta-lactamases (ESBLS),
which promote the spread and selection of fluoroquinolone-resistant strains in

response to unrelated drug classes, and vice versa.?’* PMQR comprises of the
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quinolone resistance (Qnr) proteins (qnrA, gnrB, C, D, and QnrS). These guard against
quinolone inhibition of DNA gyrase and topoisomerase IV, and aac (6')-lb-cr
(aminoglycoside acetyltransferase variant), which acetylates aminoglycoside,
ciprofloxacin. Additionally, the plasmid-mediated efflux pumps ogxAB and gepA.2%’
Although the PMQR determinants promote chromosome-encoded quinolone
resistance, they also cause low-level quinolone resistance.?'® Multidrug-resistant
(MDR) ESBL-producing Enterobacteriaceae have been found to be particularly
resistant to aminoglycosides, fluoroquinolones, and
trimethoprim/sulfamethoxazole.?'®

The ESBL genes and PMQR genes are frequently found on the same
plasmid.?'” In order to spread PMQR determinants among various Enterobacteraceae
species, conjugation can transfer resistance plasmids with genes encoding ESBLs.?®
The simultaneous presence of ESBLs and PMQR genes poses a significant challenge

due to the development of multidrug-resistant (MDR) strains.

2.7 History

The importance of quinolones as a therapy for various clinical symptoms was
discovered in 1962. The first was nalidixic acid, which George Lesher of the Sterling-
Winthrop Research Institute created synthetically. Years ago, it was created as a
byproduct of the manufacture of chloroquine from the separation of chloro-1-ethyl-
1,4-dihydro-4-oxo-3-quinoline carboxylic acid.?*® The origin of quinolone drugs can
be traced back to the antimalarial drug chloroquine, and it took several years after its
invention for nalidixic acid to be approved for the treatment of urinary tract infections
caused by Gram negative bacteria. In addition to having some cytotoxic effects on the
digestive tract and the central nervous system, this substance does not have a
significant impact on Gram-positive bacteria. The first generation of quinolones are
characterized by their impact on Gram-negative bacteria.??
Table 1

List of common quinolones and fluoroquinolones.?

Generic name Brand names examples

Cinoxacin Discontinued in the U.S.

Ciprofloxacin Cipro, Proquin XR
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Delafloxacin Baxdela

Garenoxacin Geninax

Gatifloxacin Gatiflo, Tequin and Zymar
Gemifloxacin mesylate Factive

Levofloxacin Levaquin

Moxifloxacin Avelox

Nalidixic acid Discontinued in the U.S.
Norfloxacin Discontinued in the U.S.
Ofloxacin Floxin

Sparfloxacin Discontinued in the U.S.

Quinolone antibiotics like Ciprofloxacin and Levofloxacin are often quite
used. Although Enterobacteriaceae family strains are susceptible to quinolones in
vitro, there has been a noticeable rise in the rates of resistance. When compared to
organisms of the same species that don't produce ESBLS, quinolone resistance is more
likely a result of an ESBL-producing organisms.??? The cause of these co-resistances
are not completely understood. Quinolone resistance caused by a plasmid has been
documented and may have a role in specific circumstances.?** Quinolone resistance is
commonly attributed to mutations in the genes coding for DNA gyrase and
topoisomerase 1V, which are the target enzymes of quinolones. If one or two of the
genes producing these enzymes are mutated, resistance increases stepwise. Despite
incomplete understanding, it seems that alterations to the outer membrane proteins and
active efflux pumps, which expel antibiotics from the bacterial cell, are important
mechanisms contributing to bacterial resistance to quinolones.

Quinolone mechanism of action is by Inhibition of nucleic acid synthesis, it
functions by attaching to elements necessary for DNA or RNA synthesis, interfering
with normal cellular functions and ultimately endangering the bacteria’s growth and
survival .22
Figure 10

Site of action for different classes of antibiotics classified based on the

bacterial target.??*
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2.8  Classification of p-Lactamase

Members of this family frequently produce the p-lactamases TEM-3, TEM-4
and SHV-2, which give resistance to extended-spectrum cephalosporins with an
increased spectrum of activity.??> Extended-spectrum B-lactamases (ESBLsS), a new
class of enzymes discovered in the middle of the 1980s, were discovered for the first
time in 1979.2%6 The prevalence in the general population varies by nation with about
6% in Germany as an example and France,??"-?% 13% in Saudi Arabia??® and 63% in
Egypt.23° ESBLs are p-lactamases that break down cephalosporins having an oxyimino
side chain from the extended-spectrum class. These cephalosporins include oxyimino-
monobactam aztreonam, cefotaxime, ceftriaxone, and ceftazidime. As a result,
oxyimino-beta lactams and other related antibiotics are susceptible to multi-resistance
conferred by ESBLs. Typically, they are derived from genes for TEM-1, TEM-2, or
SHV-1 through mutations that change the amino acid configuration surrounding these
[B-lactamases' active sites. These enzymes can hydrolyze a broader range of p-lactam
antibiotics. Recent reports have described an increasing number of ESBLSs that are not
TEM or SHV lineages.?'® Plasmids are frequently used to encode the ESBLs. ESBL-
producing plasmids frequently carry genes encoding resistance to various drug classes,
such as aminoglycosides. There are two system used to categorize ESBLS:
The Ambler classification which divides the enzymes into four groups (A, B, C, and
D) based on molecular structure, is the original system of categorizing -lactamases.
As plasmid-mediated enzymes that hydrolyze Oxyimino-Cephalosporins and
Monobactams but not Cephamycins or Carbapenems, ESBLs are Class A f-
lactamases. Clavulanate inhibits them in vitro. Different ESBL genotypes exist. The
SHV, TEM, and CTX-M kinds are the most prevalent.?*?
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% A commonly used taxonomy of -lactamases was created by (Bush et al. 2010) based
on their functional traits and substrate profiles. The enzymes are separated into several
categories, including group 1 cephalosporinases which clavulanic acid does not inhibit.
The larger group 2 broad spectrum enzymes which clavulanic acid typically inhibits.
The ESBLs are represented by the subgroup 2be, which begins with the letter "e" for
extended spectrum of activity. The majority of ESBLs belong to group 2be, which
hydrolyzes clavulanic acid-inhibited (Ambler classification) monobactams,
cephalosproins and penicillins. Although the CTX-M genotype was initially not
included in the original classification but it meets the requirements for group 2be

enzymes.?%

2.8.1 Tem p-Lactamases (Class A): The most frequent beta-lactamase found in
Gram-negative bacteria is TEM-1. The creation of TEM-1 by E coli is the cause of up
to 90% of the organism's ampicillin resistance.?** Additionally accountable for the
rising prevalence of ampicillin and penicillin resistance in H influenzae and N
gonorrhoeae. Although E coli and K pneumoniae have the highest prevalence of TEM-
type B-lactamases, these enzymes are increasingly common in other species of Gram-
negative bacteria. The oxyimino B-lactam substrates can now be accessed thanks to
the configuration change brought on by the amino acid substitutions that cause the
extended-spectrum B-lactamase (ESBL) phenotype. It is also typical that opening the
active site to beta-lactam substrates increases the enzyme's susceptibility to [-
lactamase inhibitors, such as clavulanic acid. The ESBL phenotype is caused by single
amino acid changes at positions 104, 164, 238, and 240, while ESBLs with the largest
spectrum typically contain several amino acid alterations. 140 TEM-type enzymes
have currently been described based on various combinations of modifications. The
most prevalent in the United States are TEM-10, TEM-12, and TEM-26.235%" The
name of the Athenian patient (Temoniera) from whom the isolate was extracted in
1963, inspired the word "TEM."?%

2.8.2 Shv p-Lactamases (Class A): The initials stand for "sulfhydryl reagent
variable"?® SHV-1 and TEM-1 have a similar overall structure and share 68% of the
same amino acids. K pneumoniae is home to the SHV-1 B-lactamase, which accounts
for up to 20% of the ampicillin resistance in this species that is plasmid-mediated.
Additionally, the active site of this family of ESBLs has altered amino acids, most
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frequently at positions 238 or 238 and 240. There are reported to be about 60 SHV
variants. Among the most prevalent are SHV-5 and SHV-12.2%

2.8.3 Ctx-M B-Lactamases (Class A): The term "CTX-M" stands for "Cefotaxime-
Munich".2® These enzymes are named for their enhanced effectiveness against
cefotaxime compared to other oxyimino-beta-lactam substrates, such as ceftazidime,
ceftriaxone, and cefepime. They are occasionally acquired via plasmids carrying beta-
lactamase genes that are normally present on the chromosomes of Kluyvera species,
which are generally harmless commensal microorganisms. Despite sharing only
around 40% identity with the commonly isolated TEM or SHV beta-lactamases, the
CTX-M enzymes are not closely related to them. To date, more than 172 CTX-M
enzymes have been discovered.?*! Some of these enzymes exhibit greater activity
against ceftazidime than cefotaxime, despite their names. While primarily identified
in E coli strains, they have also been detected in other Enterobacteriaceae species and
are the most prevalent ESBL type in various regions of South America. Additionally,
they are observed in Eastern Europe; the most common strains are CTX-M-14, CTX-
M-3 and CTX-M-2. The most prevalent strain of E coli in the UK as of 2006 is CTX-
M-15%#2 which is also very common in the local population. Recent research has
revealed that the B-lactamase CTX-M-15 has transferred onto the genome of K
pneumoniae ATCC BAA-2146.248

2.9  Types of Quinolone Resistance
2.9.1 Target-Mediated Quinolone Resistance

Majority of the time, certain DNA gyrase and/or topoisomerase 1V mutations
are linked to quinolone resistance. Typically, a single type Il enzyme mutation results
in a <10-fold increase in drug resistance. Bacteria typically develop mutations in both
enzymes as a result of selective pressure for increased resistance, often resulting in
resistance levels of 10 to 100 fold higher than the original strain.?44-249

In similar studies, mutations have identified in both DNA gyrase and
topoisomerase IV subunits as contributing to quinolone resistance in bacteria.
However, the most commonly altered amino acids are the serine and acidic residues
involved in attaching the water-metal ion bridge.?*+250-252 These mutations are thought

to cause the breakdown of the bridge and ultimately lead to quinolone resistance.
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Studies conducted also indicate that in both laboratory and clinical isolates,
over 90% of the mutant pool responsible for quinolone resistance involves changes at
the serine residue. Changes at the acidic residue account for the majority of the
remaining mutations.?*%2° In general, in the absence of medicines, mutant
topoisomerase IV and gyrase maintain wild-type DNA cleavage activity.?532%°
However, at clinically significant concentrations, quinolones do not significantly raise
the levels of enzyme-mediated DNA breakage.?*®?%° Quinolones lose a lot of their
ability to inhibit DNA ligation or to form stable ternary enzyme-DNA-drug complexes,
and drug-enzyme binding is also significantly diminished.261-2%4

Mutations in DNA gyrase and topoisomerase 1V at the serine residue, which
confer resistance to quinolone, do not appear to have a negative impact on catalytic
function when no medication is present as stated by studies.?®32%°24 On the other hand,
changes to the acidic residue cause a 5-10-fold reduction in overall catalytic
activity.2>426°

This may partly account for the relatively high frequency of the serine
mutation's discovery. Almost all bacterial species share a serine residue. This raises
the question of why a specific amino acid residue in DNA gyrase and topoisomerase
IV, which seemingly has no other function than conferring susceptibility to a particular
class of synthetic antibiotics, is so consistently conserved across bacterial species. A
study on the antibiotic nybomycin, which is made by the bacterium Streptomyces spp.
In S aureus strains expressing wild-type gyrase, nybomycin does not have much effect.
However, strains expressing a Ser/Leu quinolone-resistant GyrA are resistant to
nybomycin.?%® The conserved serine residue in DNA gyrase and topoisomerase IV
may represent a "resistance mutation" that provides protection against naturally

occurring antibiotics.

2.9.2 Plasmid-Mediated Quinolone Resistance

Recent research has revealed that plasmids carrying quinolone resistance genes
are an emerging clinical issue that typically results in low-level (10-fold)
resistance.?0.213218.267-271 Hawever, reports of resistance up to 250-fold have been
discovered.?9":244270 plasmid-mediated quinolone resistance can be transmitted both
vertically and horizontally (via bacterial conjugation), in contrast to target-mediated

resistance, which is inherited only vertically across generations. Plasmids that confer
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quinolone resistance usually carry genes that also confer resistance to multiple classes
of drugs.2°7'213'268'269

Quinolone resistance mediated by plasmids is linked to three gene families.
The Qnr genes are responsible for producing proteins from the pentapeptide repeat
protein family that are approximately 200 amino acids long.297:26%272-273 Since their
discovery, almost 100 Qnr variations have been categorized into at least five different
subfamilies.?%-218274-275 These proteins are homologous to the DNA mimics McbG and
MfpA.207:269272 Quinolone resistance appears to be conferred by the Qnr proteins via
two distinct pathways. Similar to McbG and MfpA, Qnr genes decrease the DNA
binding of gyrase and topoisomerase IV by decreasing the number of available enzyme
targets on the chromosome, which offers protection against quinolones. In addition,
they bind to topoisomerase IV and DNA gyrase, which prevents quinolones from
entering the cleavage complexes generated by the enzyme 2/2273.216-277

Aac(6')-1b-cr is the second plasmid-encoded protein linked to quinolone
resistance.?’82’% The aminoglycoside acetyltransferase variant that makes up this
protein carries the W102R and D179Y point mutations. Norfloxacin and
ciprofloxacin's C7 piperazine ring's unsubstituted nitrogen is acetylated by the enzyme,
which reduces the drug's action. Studies conducted have revealed that while both wild-
type and mutant aminoglycoside acetyltransferases have the ability to acetylate other
medications, only the mutant enzyme is effective against quinolones.?’8-2"®

Efflux pumps make up the third class of quinolone resistance proteins encoded
via plasmids. Three have been determined thus far: QepAl, QepA2 and OgxAB.207:280-
281 The OgxAB protein is mainly detected in animal infections, while the latter two
proteins have been found in human bacterial infections,207:282-283

Most importantly the simple Darwinian selection controls the distribution of
resistance genes in bacterial populations. The use of antibiotics results in the
propagation of resistance genes because bacteria with resistance genes reproduce more
quickly under antibiotic treatment than do susceptible bacteria. Plasmids can hasten
the emergence of novel kinds of resistance by serving as evolutionary catalysts. This
happens because bacteria typically possess many copies of plasmids. This enables
plasmid-borne resistance genes to rapidly acquire novel functions, in this case the
capacity to breakdown antibiotics. Furthermore, plasmids automatically increase the

quantity of copies of these updated resistance genes.?3
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2.9.3 Chromosome-Mediated Quinolone Resistance

The conflicting effects of pump-mediated efflux and diffusion-mediated drug
uptake control the cellular concentration of quinolones. In contrast to Gram-positive
organisms, Gram-negative bacteria possess an extra layer, the outer membrane, which
medications must penetrate to enter the cell. Porins are a class of protein channels that
allow drug inflow in Gram-negative organisms. Low-level resistance to quinolones
may result from downregulating the expression of porins,207:269.286-287

Resistance to quinolones can arise from either the overexpression of efflux
pumps encoded by the chromosome or the acquisition of efflux pumps encoded by
plasmids. Most frequently, mutations in regulatory proteins are to blame for the
overexpression of these pumps.?9":287-288 Changes in the absorption and retention of
quinolones usually lead to low-level resistance, which is not a major concern in clinical
settings without the presence of additional resistance mechanisms (Poole 2007).
However, reducing the cellular concentration of quinolones can facilitate the

development and transmission of other types of resistance.?!3:270:289-2%0
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CHAPTER I11

3.0Materials and Methods
3.1. Study Group

This investigation was done in Near East University Hospital, for this
retrospective study, a total of 289 samples were obtained from hospitalized patients
(inpatients and outpatients) in different departments of the Hospital starting from 11th
June 2020 - 6th June 2022. These include patients from OPD, ICU, CCU, Emergency
and different general wards (Chest Disease, oncology, neurology, gastroenterology,
cardiology, general wards of male and female etc.). The study protocol was accepted
by the Institutional review boards of Near East University. E coli, K pneumoniae and
P mirabilis were obtained from separate clinical specimens and different patients both
old and young were included in this investigation and repeated isolates were removed
from the same clinical specimen of the same patient.

3.2 Tools

Antec® medical petri-dish

Test-tubes

Test-tube rack

Spatula

Syringe

pH meter

1000mL conical flask

Inoculating pin

Sterile swab stick

Measuring ruler and marker

Autoclaving masking tape

Biosafety cabinet (HERASAFE® KS. Biomedical 2172)
Vortex-genie 2 (VELP® Scientific. Code F20220176. Made in Europe)
Photoelectric calorimeter (Densichek® Plus. Biomerieux)
Weighing balance (Shimadzo. ELB300. Biomedical 2205)

Vitek 2® compact system (BioMerieux, France)

Gram negative Vitek 2® ID card — BioMerieux Inc, France.
Enteric Vitek 2® AST N345 Card- BioMerieux Inc, France.
Urine Enteric Vitek 2® AST N345 Card- BioMerieux Inc, France.



Automatic pipette (Gilson Pipetman® .Dk60063, Biomedical 2179. France)
Surgical-field autoclave (model M50D)

Autoclave (model OT40L. Miive Steam Art®. Biomedical 2189)

Incubator (Heraeus® Thermo Scientific. Biomedical 2184)

Microscope Slides

Electronic microscope

Blood culture bottle BD BACTEC (Becton, Dickinson® and company

BD BACTEC 9120 machine

Dish washer (LANCER®)

Refrigerator (SANYO® Medicool. Biomedical 2170)

3.2.1 Equipment
Vitek 2® Compact Machine (Biomerieux)

The VITEK 2® compact device is effective in improving patient outcomes by
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providing reliable microbial identification (ID) and antibiotic susceptibility testing

(AST). It also enhances laboratory capabilities by reducing hands-on time and enabling

rapid reporting.

Figure 11

Image of a VITEK 2® compact machine from the company “BIOMERIEUX”

(from Near East University laboratory).

BD Bactec® 9120 Machine

BD 9000 system offers a unique, reliable, safe, shorter service, shorter protocol and

higher recovery rate than any other blood culture system.

Figure 12
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Automated BD BACTEC® 9120 machine (from Near East University

laboratory).

Figure 13
BACTEC® 9120 station showing the blood cultured bottles. (From Near East

University laboratory).

3.2.2 Kits and Chemicals

Disinfectant agent (ethanol)

Saline solution (Biomerieux® SA. REF. V1204. LOT. C0265. France)

Blood agar- Becton- Dickinson® and company, France.

Eosin Methylene Blue (EMB) Agar- Becton, Dickinson® and company, France.
Mueller-Hinton Agar- Becton, Dickinson® and company, France.

3.2.3. Microbiological Media
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Media used in this work include; Blood agar, EMB agar and Muller Hinton
agar.
40g of Blood agar was weighed for 1000ml of distilled water and 37.4g of EMB agar
was weighed for 1000ml of distilled water which were each placed in a sterile conical
flask of 1000ml and 1000ml respectively, after properly mixed, the solution was
sterilized with an autoclave for 15 minutes at 15Ibs pressure (1210C). It was allowed
to cool for 400C and the sterile media was poured in a non-partitioned petri dish and

allowed to gel for isolation of the bacteria.

3.2.4. Inclusion Criteria

Data of Patients aged 0-95 were entered in this investigation indicating that
there was no restriction to the age limits. Samples such as yeast culture, urine, aspirate,
vaginal swab, abscesses/wound scrapings, liquid, sputum, catheter tip, blood and
others known to be colonizers for E coli, K pneumonia and P mirabilis species were

taken into consideration.

3.2.5. Exclusion Criteria
For the purpose of this study, there were cases of repeated cultures where

isolates that were not identified as E coli, K pneumonia and P mirabilis were discarded.

3.2.6. Colony Morphology

Culture characteristics of K pneumonia isolates were considers as, Color
(Lactose fermenting), Consistency (Mucoid), Size (Moderate, Large size), Form
(Circular, Irregular), Elevation (Domeshaped, convex, spreader) and Margins (Curled,

lobated and entire).

3.3. ldentification and Antibiotic Susceptibility Test (AST).

Bacterial identification and ASTs were performed by full automated system
Phoenix 100 (Becton Dickinson, Sparks MD®, USA) in line with the manufacturer’s
recommendations. ID-GNB cards were used to identify isolates using the VITEK 2®
system, 64-well plastic ID-GNB cards were used which comprises of forty-one
examinations, like eighteen sugar assimilation tests, eighteen sugar fermentation tests,
two decarboxylase tests and three miscellaneous tests for urease, utilization of

malonate and tryptophane deaminase.
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Susceptibility testing using this system were conducted using AST cards, as directed
by the manufacturer. The following antimicrobial agents (as dehydrated compounds)
are present on the 64-well AST card at the concentrations indicated: gentamicin 32 pg
per ml, imipenem, 10 and 16 pug per ml, meropenem 16 pg per ml, piperacillin-
tazobactam 128 pg per ml, cefepime 16 pg per ml, ceftazidime 32 pg per ml,
ciprofloxacin 4 pg per ml, Ticarcillin-Clavulanate, Cefoperazone-Sulbactam,
Tigecycline, Netilmicin, Nitrofurantoin, Fosfomycin w/G6p, Trimethoprim-
Sulfamethoxazole, Colistin; Aztreonam, Ceftriaxone, Ertapenem, Amikacin 30pug,
Amoxicillin-Clavulanate (f).

The European Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria

were used to assess the antibiotic susceptibility testing (AST) results.?%

3.4  Statistical Analysis

Qualitative and quantitative data values along with the percentage and mean
+standard deviation (SD) is represented as frequency. The Chi-square test is tested as
appropriate on the association between two or more variables. Pictorial explanations
of the major results of the study were rendered using an appropriate statistical graph.
SPSS version 25.00 statistical packages were used for all statistical analysis (SPSS

Inc. Chicago, IL, USA). Significance level was accepted to be 0.05.

3.5 Ethical Approval
The institutional review boards of near east university hospital gave their

approval to the study protocol (2021/88). (Appendix-1).
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CHAPTER IV
Results
Figure 14
Overall percentage composition of resistant and sensitive patients to various

antibiotics test during the period of study.
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Antibiotics

In the figure 14, shows the general antibiotic resistance and susceptibility of
the total number of samples collected. The highest resistance were ATM, CEZ and

piperacillin at 100% respectively while the highest sensitivity was fosfomycin

(92.3%).
Table 2
Distribution of clinical samples according to different age groups.

Age Number %
0-18 29 10.1
19 -65 102 35.5
66 -above 156 54.4
Total 287 100%

Table 2, shows the age distribution according to different age group, the highest
percentage of samples was seen amongst the age group of 66 years (54.4%) above
while the lowest was seen amongst the age group of 0-18 years of age (10.1%).
Figure 15

The effect of Age (0-18) on the resistant and sensitive patient to various
antibiotics test during the period of study.



46
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Figure 16
The effect of Age (19-65) on the resistant and sensitive patient to various

antibiotics test during the period of study.
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Figure 17
The effect of Age (66-above) on the resistant and sensitive patient to various

antibiotics test during the period of study.
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Figure 15-17 shows the effect of age on the resistance and sensitivity of patients in
various antibiotic tests. 0-18years patients showed highest antibiotic resistance to
ATM (100%), CEZ (100%), CFP (100%) and PPR (100%) respectively while the
sensitivity was MEM with (96.4%). Age 19-65years, showed highest antibiotic
resistance to ATM (100%), CEZ (100%), CFP (100%), CXM-AX (100%) and PPR
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(100%) respectively while the highest sensitivity was FOF (96.2%). Patients above
66years recorded the highest antibiotic resistance at ATM (100%), CEZ (100%) CXM-
AX (100%), PPR (100%) respectively while the highest sensitivity was FOF (91.7%).

Table 3
Distribution of clinical samples based on gender.

Gender Number % Ecoli  Kpneumonia P mirabilis
Male 95 33.1 60 34 1

Female 192 66.9 126 60 6
Total 287 100 186 94 7

Table 3 shows the distribution of clinical samples based on gender. The male patients
had 33.1% of Enterobacteriacea samples collect while the female patients had the

highest (66.9%) Enterobacteriacea samples.

Figure 18
Antibiotic resistance and sensitivity representation according to male
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Figure 19

Antibiotic resistance and sensitivity representation according to female
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Figure 18-19 shows the effect of gender on the resistance and sensitivity of patients in

various antibiotic tests. The highest antibiotic resistance for the male patients were
AMP (100%), ATM (100%), CEZ (100%), CXM-AX (100%) AND PPR (100%)
respectively while the highest sensitivity was FOF (91.8%). For the female patients,
the highest antibiotic resistance were ATM (100%), CEZ (100%), CFP (100%) AND

PPR (100%) respectively while the highest sensitivity was IMP (93.5%).

Figure 20
Antibiotic representation for ICU department.
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Figure 22
Antibiotic representation for Cardiology department.
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Antibiotic representation for Chest disease department.
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Antibiotic representation for Child health and diseases department.
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Antibiotic representation for Emergency department.
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Figure 26

Antibiotic representation for General surgery department.
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Antibiotic representation for Geriatrics department.
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Antibiotic representation for Infection department.
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Antibiotic representation for Internal medicine department.
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Antibiotic representation for Laboratory department.
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Antibiotic representation for Nephrology department.
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Antibiotic representation for Neurology department.
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Antibiotic representation for Obstetrics department.
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Antibiotic representation for Oncology department.
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Antibiotic representation for Other department.

150
100
50

Others

AMK
AMX-CA

AMP
ATM

CFP
CFX
CXT

CRO
CXM-AX

LFX

TGC s

CIP
CST
ETP
FOF
GN
MEM  —
NLT |
NFT :
TPZ |
PPR |
TBM
SXT F



53

Figure 20-37 shows the antibiotic representation according to hospital departments. In
ICU, the highest antibiotic resistance were AMP (100%), ATM (100%), CEZ (100%),
CFP (100%), CAZ (100%), CRO (100%), CXM-AX (100%) and PPR (100%)
respectively while the highest sensitivity NFT (83.3%).

For brain surgery department, the highest antibiotic resistance were AMX-CA
(100%), AMP (100%), CEZ (100%), CFP (100%), CFX (100%), CXT (100%), CAZ
(100%), CRO (100%) and CXM-AX (100%) respectively while the highest sensitivity
were AMK (100%), CST (100%), ETP (100%), FOF (100%), IMP (100%) and NFT
(100%).

For Cardiology department, the highest antibiotic resistance were AMP
(100%), ATM (100%), CEZ (100%), CFP (100%), CXM-AX (100%), LFX (100%)
and PPR (100%) respectively while the highest sensitivity was FOF (94.4%).

In Chest disease, the highest antibiotic resistance were AMX-CA (100%),
AMP (100%), ATM (100%), CEZ (100%), CFX (100%), CAZ (100%), CXM-AX
(100%), LFX (100%) and NLT (100%) respectively while the highest sensitivity were
CST (100%), FOF (100%) and NFT (100%).

For Child health and diseases department, the highest antibiotic resistance were
ATM (100%), CEZ (100%) and CFP (100%) respectively while the highest sensitivity
were CST (100%), LFX (100%), NLT (100%), TGC (100%) and TBM (100%).

In Emergency department, the highest antibiotic resistance were ATM (100%),
CEZ (100%), CFP (100%), CAZ (100%), CRO (100%), CXM-AX (100%) and LFX
(100%) respectively while the highest sensitivity were CST (100%), ETP (100%), IMP
(100%), MEM (100%) and TGC (100%).

For General surgery department, the highest antibiotic resistance were AMP
(100%), ATM (100%), CEZ (100%), CFP (100%), CAZ (100%), CRO (100%), CXM-
AX (100%), CIP (100%) and LFX (100%) respectively while the highest sensitivity
were AMK (100%), CXT (100%), CST (100%), ETP (100%), MEM (100%), NLT
(100%), TGC (100%) and TBM (100%).

For Geritatrics department, the highest antibiotic resistance were AMP (100%),
CEZ (100%), CFP (100%), CFX (100%), CAZ (100%), CXM-AX (100%), CIP
(100%) and TGC (100%) respectively while the highest sensitivity were IMP (100%).

For Infectious disease department, the highest antibiotic resistance were AMP
(100%), ATM (100%), CEZ (100%), CFP (100%), CFX (100%), CAZ (100%) and
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CXM-AX (100%) respectively while the highest sensitivity were AMK (100%), CST
(100%), NLT (100%) and TBM (100%).

In Internal medicine department, the highest antibiotic resistance were AMP
(100%), ATM (100%), CEZ (100%), CFP (100%), CFX (100%), CAZ (100%), CRO
(100%), CXM-AX (100%), LFX (100%), NLT (100%) and TBM (100%) respectively
while the highest sensitivity were FOF (100%).

For Laboratory department, the highest antibiotic resistance were AMP
(100%), ATM (100%), CEZ (100%), CFX (100%), CAZ (100%), CRO (100%),
CXM-AX (100%), LFX (100%), NLT (100%), and TBM (100%) respectively while
the highest sensitivity were CST (100%), MEM (100%) and TGC (100%).

In Nephrology department, the highest antibiotic resistance were AMP (100%),
ATM (100%), CFP (100%), CFX (100%), CAZ (100%), CRO (100%), CXM-AX
(100%), LFX (100%) and TGC (100%) respectively while the highest sensitivity were
AMK (100%), AMX-CA (100%), CST (100%), ETP (100%), FOF (100%), IMP
(100%), MEM (100%), NLT (100%), NFT (100%) and TBM (100%).

In Obstetrics department, the highest antibiotic resistance were AMP (100%),
CEZ (100%), CFP (100%), CAZ (100%), CRO (100%) and CXM-AX (100%)
respectively while the highest sensitivity were CST (100%), FOF (100%), GN (100%),
IMP (100%), MEM (100%) and NFT (100%).

In Oncology department, the highest antibiotic resistance were ATM (100%),
CEZ (100%), CFX (100%), CAZ (100%), CXM-AX (100%), LFX (100%), NLT
(100%) and TBM (100%) respectively while the highest sensitivity were CST (100%),
ETP (100%), FOF (100%), and NFT (100%).

In Orthopedic & traumatology department, the highest antibiotic resistance
were AMP (100%), CEZ (100%), CFP (100%), CFX (100%), CAZ (100%), CRO
(100%), CXM-AX (100%) and TGC (100%) respectively while the highest sensitivity
were AMK (100%), AMX-CA (100%), ETP (100%), FOF (100%), IMP (100%),
MEM (100%) and TPZ (100%). In Urology department, the highest antibiotic
resistance were AMP (100%), ATM (100%), CFP (100%), CFX (100%), CAZ
(100%), CRO (100%), CXM-AX (100%) and LFX (100%) respectively while the
highest sensitivity were CXT (100%) and TGC (100%).

For Others (Dermatology, Heamatology, Pediatric surgery, Plastic surgery,
Radiology and Rheumatology) departments, the highest antibiotic resistance were
AMP (100%), CEZ (100%), CFX (100%), CAZ (100%), CRO (100%) and CXM-AX
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(100%) respectively while the highest sensitivity were ETP (100%), FOF (100%), GN
(100%), IMP (100%) and MEM (100%).

Table 4
Distribution of samples according to application type.
Application type Number %
Inpatient 170 59.23
Outpatient 117 40.77
Total 287 100

Table 4, shows the distribution of samples according to the In/Out patients. The highest
percentage recorded was from In patients (59.2%) while Out patients recorded
(40.8%).

Figure 38
Antibiotic resistance and sensitivity representation for Inpatient
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Figure 39
Antibiotic resistance and sensitivity representation for Outpatient
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Figure 38-39 shows the antibiotic representation according to patient application types.
For in-patient, the highest antibiotic resistance were ATM (100%), CEZ (100%) and
PPR (100%) respectively while the highest sensitivity was MEM (95.6%).

For out-patient, the highest antibiotic resistance were ATM (100%), CEZ (100%),
CXM-AX (100%) and PPR (100%) respectively while the highest
sensitivity was FOF (97%).

Table 5

Number of samples according to different sample type.

Sample type Number % Ecoli  Kpneumonia P mirabilis
Abscess/ Wound
material 18 6.3 10 8
Aspiration fluid 26 9.1 8 16
Blood 16 5.6 10 6 -
Catheter fluid 4 1.4 - 3 1
Sputum
21 7.3 7 14 -
Urine
200 69.7 151 46 3
Vaginal 2 0.7 1 1 -

discharge/Swab

Total 287 100 186 94 -

Table 5 shows the different sample types and the Enterobacteriacea isolated from
them. The highest was Urine sample (69.7%) while the lowest was discharge/Swab
(0.7%).

Figure 40

Antibiotic representation according to sample type.

M % Resistant ™ % Sensitive

S 150
B
]
ElUU
=
k=
5 50
=
0
=4J = Luu_u_xthq:umhoozu_ = L o o @
qquUUUUUUE O T _—IEZZ»—Q_,_F_DM
= <
<T &}



Figure 41

Antibiotic representation according to sample type.

Aspiration fluid
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Antibiotic representation according to sample type.

Blood

Figure 43
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Antibiotic representation according to sample type.

Catheter tip

Figure 44

120
100
80
60
40
20
0

AMK
AMX-CA

AMP
ATM

CEZ
CFP
CFX
CXT
CAZ
CRO

CXM-AX
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Figure 45

Antibiotic representation according to sample type.
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Figure 46
Antibiotic representation according to sample type.
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Figure 40-46 shows the antibiotic representation according to sample types. For
Abscess/wound material, the highest antibiotic resistance were AMP (100%), ATM
(100%), CEZ (100%), CAZ (100%), CRO (100%), CXM-AX (100%) and PPR
(100%) respectively while the highest sensitivity was ETP (84.6%).

For Aspiration fluid, the highest antibiotic resistance were AMP (100%), ATM
(100%), CEZ (100%), CFP (100%), CAZ (100%), CXM-AX (100%), LFX (100%)
and PPR (100%) respectively while the highest sensitivity was AMK (80.8%).

For Blood, the highest antibiotic resistance were AMP (100%), ATM (100%), CEZ
(100%), CXM-AX (100%), NLT (100%) and PPR (100%) respectively while the
highest sensitivity were MEM (81.3%) and AMK (81.3%).

For Catheter tip, the highest antibiotic resistance were AMX-CA (100%), AMP
(100%), ATM (100%), CEZ (100%), CFP (100%), CAZ (100%), CRO (100%), CXM-
AX (100%), IMP (100%), LFX (100%), NLT (100%), TPZ (100%) and PPR (100%)
respectively while the highest sensitivity was AMK (75%).
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For Sputum, the highest antibiotic resistance were AMP (100%), ATM (100%), CEZ
(100%), CAZ (100%), CXM-AX (100%) and PPR (100%) respectively while the
highest sensitivity was MEM (85.7%).

For Urine, the highest antibiotic resistance were ATM (100%), CFP (100%) and PPR
(100%) respectively while the highest sensitivity was ETP (94.3%).

For Vaginal discharge/Swab, the highest antibiotic resistance were AMP (100%), CEZ
(100%), CFP (100%), CXT (100%), CAZ (100%), CRO (100%) and CXM-AX
(100%) respectively while the highest sensitivity was GN (100%), MEM
(100%). AMK (100%).

Table 6

Percentage Analysis Microorganism detected based on Hospital Department

Escherichia Klebsiella Proteus
coli pneumoniae mirabilis
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*N = Number

Table 6 revealed that the highest number of E coli 26 (14%) was discovered in

cardiology department; the highest number of K pneumoniae 27 (28.7%) was
discovered in ICU department; and the highest prevalence of P mirabilis 2 (28.6%)

was also discovered in ICU department.



Figure 47

Percentage Analysis of the isolated microorganism from laboratory tests.
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Figure 16 revealed that majority of the microorganisms isolated was E coli
(64.8%), followed by K pneumonia (32.8%) and P mirabilis (2.4%).
Figure 48

Antibiotic representation for Escherichia coli.
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Figure 49
Antibiotic representation for Klebsiella pneumonia.
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Figure 50

Antibiotic representation for Proteus mirabilis.
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Figure 47-49 shows the antibiotic representation according to Microorganism. For E
coli, the highest antibiotic resistance were ATM (100%), CEZ (100%), LFX (100%)
and PPR (100%) respectively while the highest sensitivity was IMP (98.1%).

For K pneumonia, the highest antibiotic resistance were AMP (100%), ATM (100%),
CEZ (100%), CXM-AX (100%) and PPR (100%) respectively while the highest
sensitivity was FOF (89.2%).

For P mirabilis, the highest antibiotic resistance were AMP (100%), ATM (100%),
CEZ (100%), CFP (100%), CFX (100%), CXM-AX (100%), LFX (100%), NLT
(100%), PPR (100%), TGC (100%) and TBM (100%) respectively while the highest
sensitivity was AMX-CA (89.2%).

Figure 51

Antibiotic comparison of non-ICU patients.
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Antibiotic comparison of ICU.
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Figure 50-51 shows the antibiotic representation according to ICU and non-ICU. In
ICU, the highest antibiotic resistance were AMP (100%), ATM (100%), CEZ (100%),
CAZ (100%), CRO (100%), CXM-AX (100%) and PPR (100%) respectively while
the highest sensitivity FOF (93.3%). For non-ICU, the highest antibiotic resistance
were ATM (100%), CEZ (100%) and PPR (100%) respectively while the highest
sensitivity IMP (94.9%).

Two hundred and eighty seven ESBL positive isolates; It was isolated from 95
male (33.1%) and 192 female (66.9%) patients. The P-value for ESBL Gender
Crosstabulation of male and female is 0.891, with an odd ratio of 0.755 for Quinolone,
while for the co-resistance antibiotic Cefazolin has the p-value of 0.016, with an odd
ratio of 0.069. There are statistical differences between the co-resistance ESBL
antibiotic and Quinolone in gender. According to 287 ESBL isolates; 170 patients were
inpatients and 117 patients were outpatients. The ESBL crosstabulations of inpatients
and outpatients show P-values (Pearson chi square) = 0.000 and odd ratio = 0.000 for
Cefazolin and for Quinolone the P-value is 0.055 and an odd ratio of 0.043
respectively. There are statistical differences between the co-resistance ESBL and the
Quinolone antibiotic in inpatient/outpatients. The p-value for ESBL microorganism
crosstabulation of Entrobacteriacea is 0.990 with an odd ratio of 0.988 for Quinolone,
while for the co-resistance antibiotic cefazolin has the p-value of 0.010 with an odd
ratio of 0.011.
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CHAPTER V
Discussion

This study evaluated three basic microorganisms, the level of sensitivity, and
antibiotic resistance using hospital record. In a cohort of 287 patient receiving medical
care in Near East University Hospital. Majority of the patients, were infected with E
coli (64.8%) which suggests the high incidence of E coli infection among these
patients.

Enterobacteriaceae causes illnesses and a high prevalence of infection in
hospital setting which can lead to the spread of diseases among patients, thereby
increasing the risk of outbreaks and further spread of infection to the general public.
Antibiotic resistance refers to the ability of microorganisms to resist the effects of
antibiotics that were previously effective in treating infections. This occurs because of
the prolonged and misuse of antibiotics which increases the rate at which resistance
develops.

This research work revealed that there is a high rate of infection in female
(66.9%) than in male patients (33.1%), this is in line with the work done by Azargun
et al. (2018) which stated that there was a higher infection rate in female (64.4%) than
in male patients (35.6%).%% It also correlates with the work done by Koley et al. (2022)
which showed that, samples collected from female patients (60%) revealed higher
culture positivity rate than male patients (40%).2%

In this current study, it was observed that the prevalence ESBL isolates among
the in-patients and out-patients was 59.2% and 40.8% respectively. Although the
prevalence of ESBL in out-patients is less than in-patients, it is common in
communities. This is because ESBL producing E coli isolates were widely spread
among both in-patients and out-patients. This observation therefore confirms the
assertion by Kumal et al. (2014) where in-patients and out-patients was 60.95 and 48%,
respectively and strengthens the fact that ESBL producers are indeed as much a
problem in the communities as in the hospitals.?*®
From the total number of ESBL samples collected, the highest isolate was from urine
(69.7%), followed by Aspirate (8.7%) and the lowest was Vaginal discharge/swab
(0.7%). In line with a study by Masoud et al. (2021), the highest prevalence was
observed in urine (62%) while the lowest was seen from eye discharge (10%).2%

Similar research by Kumar et al. (2014) noted that ESBL isolates was highest in blood
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sample (66.67%) and lowest in sputum (33.33%). This discovery does not entirely tally
with this present study.?®®

This current research shows that the most prevalent Enterobacteriacea isolated
is E coli (64.8%) which was followed by K pneumonia (32.8%) and P mirabilis (2.4%).
This is in line with the study by Azargun et al (2018) which showed that E coli was
the most common isolate (80.8%), K pneumonia (12.8%) and P mirabilis (0.9%). This
prevalence of ESBL varies depending on species and geographical regions. In South
Korea and Iran, 30% and 34.8% of isolates were reported positive for ESBL
respectively. While in North America, the prevalence of ESBL-producing E coli and
K pneumoniae was low. However, a high prevalence of ESBL was reported in other
countries. Differences between these results may be due to the length of ICU stay,
inappropriate and excessive use of antibiotics and length of hospitalization.?%®

Cardiology department recorded the highest number of E coli isolates 26
(14%), for K pneumoniae 27 (28.7%), the highest number was discovered in ICU
department; and the highest prevalence of P mirabilis with 42.9% was also discovered
in ICU department. Similarly, a number of studies have documented high prevalence
of E coli and growing resistance. Biedenbach et al. (2014) found a high isolates of E
coli and the high resistance to antibiotics with elderly patients been more resistant to
antibiotics K pneumoniae.?®’

It was found that the antibiotic with the highest level of resistance was
Ceftazidime, 282 (98.3%) resistance. this was followed by Cefuroxime-axetil (85.7%),
Ceftriaxone and Ampicillin (82.2%) and Ciprofloxacin (70.7%) and the lowest
resistance fosfomycin (7.7%). This partially correlates with a similar study by
Azargun et al (2018), which showed the total resistance rate of Enterobacteriaceae to
antimicrobial agents was ceftazidime 174 (79.4%), ciprofloxacin 126 (57.5%) and
lowest resistance imipenem 7 (3.2%).2%

Figure 48-50 revealed that E coli has developed 97.8% resistance to
Ceftazidime which is not in line with studies carried out by (Kantele et al. 2022 and
Ibrahim et al. 2023). Kantele et al. (2022) found that ESBL strain carrying E coli
showed 0-40% resistance to Azithromycin while lbrahim et al (2023) discovered a
higher percentage resistance where the result revealed that in terms of antibiotic
resistance, 97.1% of the isolates were resistant to ampicillin and 71.4% to

Ceftazidime.2%8-2%9
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The study results on the phenotypic methods were discovered to be
insignificant for the 70.7% of ESBL producing strains (ciprofloxacin P< 0.990). This
is not consistent with Leila et al (2009) that states that 41% of ESBL positive strains
(P< 0.05) were significant to the resistance of ciprofloxacin.3®

52  CONCLUSION

The emergence and spread of ESBL-producing Enteriobactriacea strains (E
coli, K pneumonia and P mirabilis) is worrisome and usage of cephalosporins against
these isolates is ineffective. To reduce the development and spread of antibiotic
resistance, it is important to use antibiotics appropriately and to reduce the unnecessary
use of antibiotics. This includes using antibiotics only when they are needed, using the
right antibiotic for the specific infection, the correct dosage and for the recommended
duration. Fosfomycin and imipenem are the most effective antibiotics for empirical
therapy in our setting. Therefore, detection of PMQR determinants and ESBL genes
among non-susceptible fluoroquinolone Enterobacteriaceae is important for
appropriate empirical treatment and infection control. Due to importance of ESBL
producing organisms and difficult treatment of infections caused by these bacteria,
rapid identification of ESBL producing isolates in clinical laboratories should be
adopted and laboratory services should be available to support every infection control

program.

53 PUBLIC HEALTH IMPLICATION OF THE STUDY

This study has important public health implications, as it highlights the
increasing problem of antibiotic resistance. The high levels of resistance found for
some antibiotics, such as ceftazidine means that these drugs may be less effective for
treating infections caused by certain microorganisms. This can lead to longer illness,
more severe symptoms, and an increased risk of complications. The study also
highlights the importance of using antibiotics appropriately, and avoiding overuse or
misuse, to help reduce the development of resistance. Additionally, the results suggest
that older patients and those in certain departments, such as the ICU, may be at higher
risk of developing antibiotic resistance. This information can be used to develop
targeted interventions to prevent the spread of resistance, such as increased infection

control measures and improved antibiotic stewardship programs. Overall, the study
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highlights the ongoing need for ongoing surveillance of antibiotic resistance and the

development of new treatments to address this growing public health challenge.

5.4 RECOMMENDATION

Based on the findings of the study, the following five recommendations can be made:
Health care workers and public health expert should encourage the appropriate use of
antibiotics. Overuse or misuse of antibiotics is a major contributor to the development
of resistance. Effort should be made to prescribe antibiotics only when necessary and
to use the right drug, at the right dose, for the right duration.

It is important for the hospital to take steps to control the spread of microorganisms in
order to prevent future infections, such as implementing proper hygiene and infection
control measures, and conducting ongoing monitoring and surveillance

There should be constant promote the use of alternative treatments. Where possible,
alternative treatments such as probiotics, vaccines, or other therapies, should be used
to prevent or treat infections, rather than relying solely on antibiotics.

There should be a well targeted interventions for at-risk populations. The study showed
that older patients and those in certain departments, such as the ICU, may be at higher
risk of developing antibiotic resistance. Targeted interventions, such as increased
infection control measures and improved antibiotic stewardship programs, should be
implemented in these populations.

Government should enhance surveillance of antibiotic resistance. Regular monitoring
of antibiotic resistance is critical for detecting trends and guiding the development of
new treatments. Recommendations should be made to enhance existing surveillance
systems, and to establish new ones where needed.

Government and non-governmental organizations should support research into new
treatments. The increasing problem of antibiotic resistance highlights the need for
continued research into new treatments. Recommendations should be made to support
funding for research into new antibiotics, alternative therapies and other treatments to

address this growing public health challenge.
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Appendix
Age Vx CEZ
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 176.8272 200 0.880
Likelihood Ratio 99.103 200 1.000
N of Valid Cases 287

a. 287 cells (94.7%) have expected count less than 5.
.00.

The minimum expected count is

Age Vx CAZ
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 192.4072 100 0.000
Likelihood Ratio 34.353 100 1.000
N of Valid Cases 287

a. 186 cells (92.1%) have expected count less than 5.
.01

The minimum expected count is

Age Vx CIP
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 163.465% 200 0.972
Likelihood Ratio 167.873 200 0.952
N of Valid Cases 287

a. 297 cells (98.0%) have expected count less than 5.
.01.
Age Vx LFEX

The minimum expected count is
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Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 157.816° 200 0.988
Likelihood Ratio 116.832 200 1.000

N of Valid Cases 287

a. 287 cells (94.7%) have expected count less than 5. The minimum expected count is
.01

Gender Vx CEZ
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 155712 6 0.016
Likelihood Ratio 12.870 6 0.045
N of Valid Cases 287

a. 8 cells (66.7%) have expected count less than 5. The minimum expected count is
.01.

Gender Vx CAZ
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square .6052 3 0.895
Likelihood Ratio 0.621 3 0.892
N of Valid Cases 287

a. 6 cells (75.0%) have expected count less than 5. The minimum expected count is
.03.

Gender Vx CIP
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Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 2.288% 6 0.891
Likelihood Ratio 3.415 6 0.755

N of Valid Cases 287

a. 8 cells (66.7%) have expected count less than 5. The minimum expected count is
.01

Gender Vx LFX
Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 4.205% 6 0.649
Likelihood Ratio 4.603 6 0.596

N of Valid Cases 287

a. 8 cells (66.7%) have expected count less than 5. The minimum expected count is
.03.

Application type Vx CEZ
Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 24.2532 4 0.000
Likelihood Ratio 28.973 4 0.000

N of Valid Cases 287

a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is
19.

Application type Vx CAZ



103

Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 2.916% 2 0.233
Likelihood Ratio 2.485 2 0.289

N of Valid Cases 287

a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is
75.

Application type Vx CIP
Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 9.251° 4 0.055
Likelihood Ratio 9.841 4 0.043

N of Valid Cases 287

a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is
.38.

Application type Vx LFX
Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 3.7792 4 0.437
Likelihood Ratio 4.728 4 0.316

N of Valid Cases 287

a. 3 cells (33.3%) have expected count less than 5. The minimum expected count is
5.

Microorganism type Vx CEZ
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Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 13.269% 4 0.010
Likelihood Ratio 12.971 4 0.011

N of Valid Cases 287

a. 4 cells (44.4%) have expected count less than 5. The minimum expected count is
.02.

Microorganism type Vs CAZ
Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square .238% 2 0.888
Likelihood Ratio 0.339 2 0.844

N of Valid Cases 287

a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is
10.

Microorganism type Vx CIP

Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square .3052 4 0.990
Likelihood Ratio 0.334 4 0.988

N of Valid Cases 287

a. 5 cells (55.6%) have expected count less than 5. The minimum expected count is
.05.

Microorganism type Vx LFX
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Chi-Square Tests

Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 10.485% 4 0.033
Likelihood Ratio 10.904 4 0.028

N of Valid Cases 287

a. 4 cells (44.4%) have expected count less than 5. The minimum expected count is
10.
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