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Abstract

Pneumonia affects everyone, particularly young children under the age oRAGirestobacter
baumannii, Klebsiella pneumoniand Pseudomonas aeruginosae one of the main causes of
pneumonia as they cause a wide range of diseases which includes lutignsf@meumonia),
bloodstream infections, wound or urinary tract infectidgndaumannihas become a major public

health threat because 63 percenAohetobactestrains are multidrugesistant.

The purpose of this study is to develop a viable metbodattling infections brought about by
multidrugresistant Acinetobacter baumannii, Klebsiella pneumoniand Pseudomonas
aeruginosan Bangladesh. From gathered bactesahples, 10 out of 18 samples were multiple
antibiotic resistant which was idefitid by performing an antibiogram utilizing 18 different
antibiotics from 13 of various classes including Macrolides, Polymyxins, Tetracycline,
Nitroimidazole, Cephalosporin, Belactam, Quinolone, Fluoroquinolones, Aminoglycosides,

and Penicillin. Thenprimary screening of antibiotic susceptibility was done which categorized

the pathogens into multidregsistant, extensively drugsistant (XDR)and pardrugresistant

(PDR). Next, by using the Minimum Inhibitory Concentration (MIC) methodlividual
antibiotics and a combination of screened antibiotics activity were measured. Afterward, the
Fractional Inhibitory Concentration (FIC) index to provide statistical substantiation of r@$ts.

hi ghest demonstrated MI C vawhiiel € otrh d elviowd sotx avea
The highest value for Azithromycin w&ws 400
Acinetobacter baumannii, Klebsiella pneumonand Pseudomonas aeruginossamples, a
synergic effect was found in Levofloxacin in combination with azithromycin determined by FIC

Index was below 0.5uggesting the synergistic effect of their combination

The research result is very significant because by using a combinatatitwbtics, the needed
amount of antibiotics on resistant pathogens can be decreased. This study-reashiag

consequences for the future of combination therapy against mulielsiggant bacteria.
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1. Introduction

Acinetobacter baumannii, Klebsiella pneumoniasd Pseudomonas aeruginosare grar
negative bacteria that cause serious infections in the lungs and lead to pneBmewmiaonia is
caused by bacteria, viruses, or fungi, and isthfeatening for childreas they have to fight to
breatte because their lungs become filled with pus and fluid. In Bangladesh, Pneumonia is the
leading cause of mortality as it is responsible for 13% of ufidedeaths. (UNICEF Bangladesh,

29 January 2020) According to reseand) if Bangladesh takdbe necessary steps to combat
pneumonia, it alone can give rise to almost 140,000 predicted-finel@hild deaths. They can

be harmfulto other parts of the body, generating the brain to s\aallinterfering with blood

flow. Additionally, when an infectious bacterium is resistant to both traditional and contemporary

antibiotics, patient suffering increases dramatically.

Acinetobacter baumannii Klebsiella pneumoniae  Pseudomonas aeruginosa

One of the major issues is the rising antibiotic resistance of harmful bacteria. Most of the strains
of Acinetobacter baumannii, Klebsiella pneumoneedPseudomonas aeruginoage multidrug
resistant. Often, just one mutation imetbacterial cell leads to the formation of a new drug
resistance mechanisnrszulaet al., 2014)The prospect of treating severely antibiggsistant

bacterial infections is thus a concerning issue for modern scighrmpman, 2008).

Combination antibiotic therapy is being used more frequently to boost the antibacterial properties
of currently available antibiotics against mudtug resistant pathogens. So, it is frequently used

to treat severe Gramegative infections. Howevein vitro data of various classes of antibiotic
combinations can be useful to screen for effective combinations and to support therapeutic

decisions for severe infections with multidstggistant Grarmegative bacteai
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However, a lot of combination trials halveen reported against these multidragistant bacteria.

such as,

A. baumannii:polymyxin B or colistin + rifampin, imipenem, or azithromycin; rifampin +
azithromycin; sulbactam + rifampin, azithromycin, or a quinolone; and the triple combination of

polymyxin B, imipenem, and rifampin (James, 2006).

Klebsiella pneumoniadigecycline + gentamicin and tigecycline + colistin (Falagiaal., 2014),
azithromycin + chloramphenicol, levofloxacin + rifampin, polymyxin B + tigecycline (Lim et al.,
2016).

P. aeruginosapolymyxin B + rifampin; ceftazidime or cefepime + a quinolone; ceftazidime +
colistin; clarithromycin + tobramycin; araxithromycin + tobramycin, doxycycline, trimethoprim,

or rifampin.(James, 2006)

1.1 Character and Morphology

ESKAPE pathogen is a group of pathogens with a high rate of antibiotic resistance that is
responsible for the majority of nosocomial infections which inclu@&gerococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannudoRsmas

aeruginosaand Enterobacter species. (Louis, 2008)
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Acinetobacter baumannii

Acinetobacter baumanns named after the bacteriologist Paul Baumann. (Lin.2@l4) It is a
short, rodshaped (coccobacillus) Granegative, oxidaseegative bateria with a DNA G+C
content of 39% to 47%. It can be an opportunistic pathogen in humans, affecting people with
compromised immune systems, and is becoming increasingly important as a ‘uespitd
(nosocomial) infection. Different species Afinetolacter are found in soil sampleandwater
samples and also can be isolated from hospital environments. Severe coraoguitgdA.

baumanniinfections have been reported in tropical climates of Australia and Asia.

During the COVID19 pandemic, coinféion with A. baumanniisecondary to SARE0V-2
infections has been reported multiple times in medical publications as just like covid, it also causes
pneumonia in patients with critical conditions. (loannis ¢28P1) Acinetobactehas impressive
genetic plasticity, rapid enetic mutations and rearrangemerdad, integration of foreign
determinants carried by mobile genetic elements whieltonsidered one of the key forces for

shaping bacterial genomes and ultimately evolutimannis et al., 2021

Klebsiella pneumonge:

Klebsiella pneumoniaés a Granmnegative, encapsulated, and nonmotile bacteria that normally
live in intestines and feces. It has a high tendency to become antie®istant. These bacteria
are harmless when t hey 0 theyspread td dnethern part ottlsetbody, e s
such as your lungs, they can cause severe infectioren cause bacterial meningitis, including
fever, confusion, neck stiffness, and sensitivity to bright lightgneumoniaean be resistant to
antibiotics ly producing enzymes s u d.&ctamrmse (ESBLE)eandd e d
Carbapenems.
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Pseudomonas aeruginosa:

Pseudomonas aerugino&aa very common bacterium that is found in soil, water, skin flora, and
most maAmade environments throughout thierld and it can cause diseases in plants and animals

as well as humans. It is an encapsulated, gragative, aerobidacultatively anaerobic, red
shaped bacterium. It is considered a multidregjstant pathogen for its intrinsically advanced
antibioticresistance mechanisms. People can easily be infecte® watiruginosdecause it can

grow on fruits and vegetables and by eating contaminated food, anyone can be infected. It can
spread through improper hygiene besides it thrives in moist areas sudvlsas hpt tubs,
bathrooms, and kitchens, and in the skin of some healthy peRoasruginosacauses serious
infections including malignant external otitis, endophthalmitis, endocarditis, meningitis,

pneumonia, and septicemia.

1.2Emergence of antibiotioesistant bacteria

The first multidrugresistant bacteria were reportedHong Kong in 1955There are two main

causes of multidrug resistance in bacteria: The development of genes that each code for resistance
to a particular agent on aesistance) plasiais or transposons, as well as the activity of multidrug

efflux pumps, each of which can release more than one drug type. The World Health Organization
recently alerted the public to the global emergence of bacteria that are mulégistgnt which

posesa significant threat to healthcare.

Acinetobacter baumanniiBack in the early 20th century, in 1911, a Dutch microbiologist,
Beijerinck, isolates an organism namdicrococcus Calceasceticsfrom the soil, and over the

decades, At least 15 different genera and species were discovered similar to the same organism. In
1954, Acinetobacter was initially proposed by
been an outbreak of multidrugsistantA. baumanniiin Europe, mainly in England, France,
Germany, lItaly, Spain, and The Netherlandsn et al., 2014)Because the airline travel, the
intercontinental spread of multidragsistantA. baumannibccurred in many countries across the

world. Fromthe year 1986 to 2003, many hospitals report multidlesgstant Acinetobacter
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throughout the United States, where there was a significant increase in the Acinetobacter strains
resistant to amikacin (5% to 20%; P < 0.001), ceftazidime (25% to 68%; PH,@fld imipenem

(0% to 20%; P < 0.001) (Gaynesatt, 2005) The emerging resistance mechanism renders all
clinically significant aminoglycosides, such as gentamicin, tobramycin, and amikacin, highly

resistant by impairing aminoglycoside binding to itg &t site.

Acinetobacter growth on MacConkey agar.

According to Fournier et al., The genome of a multidregjstantA. baumannistrain can encode
a wide array of multidrug efflux systems. The persistencé.obaumanniiin the hospital

environment may be caused by three main factors:

O«

resistance to major antimicrobial drugs,

o

resistance to desiccation, and

o

resistance to disinfeatés.

O«

Klebsiella pneumoniaFriedlander discovered a capsulated bacillus in the patient's lungs who had
died of pneumonia which was given the name Friedlander's bacillus in his honor. Later, these
bacteria were referred to as Klebsiella. In 1983, an oaktboé ESBL-producingpneumoniae
infections was reported in Europe, the United States, and South Ami€nmeeumoniads
normally found in the human stool or intestine. It infects those people who are hospitalized for

different diseases and receitveatments through ventilators (breathing machines) or intravenous
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(vein) catheters. A person must be exposed to the bacteria to get a Klebsiella infection. For
instance, in order to get infected by pneumoniae or to have a bloodstream infection, klebsiell

must reach the respiratory system.

Penicillin binding proteins (fa8dMmsantibiotieglandc h ar
enzymes that catalyze the formation of peptidoglycans, are one of the resistance strategies used by

K. pneumoniaeSome faairs for which it becomes a resistant bacterium are:

O«

It can accumulate antibiotic resistance genes (ARGSs), by de novo mutations

O«

Acquisition of plasmids to encode ARGs and

O«

Transferable genetic elements.

K. pneumoniae growth on MacConkey agar.

Pseudomonas aeruginoda: 1882,Pseudomonas aeruginosaas first isolated by Carle Gessard

from green pus. According to the Centeie Disease Control and Prevention (CDC),
Pseudomonas aeruginogathe most common diseasausing bacteriedbecause of its versatile

nature and high ability to endure, it can make due on dry lifeless surfaces climate from 6 hours to
almost a year. It ian environmental bacterium but under stressful conditiboan infect humans

and cause pneumonia, blood infection, hemorrhagic septicemia, gill necrosis, abdominal
distension, splenomegaly, friable liver, and congested ki@négcording to the 2019R Threats

Report, in the year 2017, multidrugsistanPseudomonas aeruginosaused an expected 32,600
contaminations among hospitalized patients and 2,700 assessed deaths in the United States alone.

The infection can spread vastly because people cidlg basnfected with these bacteria if they
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get exposed to water or soil that is contaminated with this germ. The resistant strain can spread in
the same way. That is the reason this resistant strain of bacteria can be found worldwide. The main

factors are

O«

Presence of chromosomally encoded antibiotic resistance genes.

O«

the horizontal gene transfer of ARGs or mutations.

O«

Different strains can asset many genetic events like mutation.

The emergence of resistant graegative pathogens is the most concerniagasof this decade.
However, "parresistant” granmegative strains have just recently begun to appear, particularly
those fromPseudomonas aeruginosadAcinetobacter baumanniThis is because the majority

of large pharmaceutical corporations have stdpesearching and developing new antibacterial
drugs. As a result, there are very few medications that could be utilized to treat these strains, which
have a lowpermeability outer membrane barrier, a variety of effective multidrug efflux pumps,

and a widevariety of distinct resistance mechanismsr{u Rev Biochem.2009)

In Bangladesh, the emergence of bacteria that are resistant to many drugs is a concerning issue and
a significant barrier to treating many infectious diseases. Antibiotic resistahoested by the
indiscriminate, unneeded, and careless use of antibiotics, which results in the emergence of
multidrugresistant (MDR) microorganisms in the environment. The study will aid in the fight
against the Bangladeshi situation in the global cangeer increasing antibiotic resistance, which

has become a danger to people.
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1.3: Mechanism of antibiotipesistant bacteria

Bacterial multidrug resistance is generated by one of three mechanisms.

O«

First, these bacteria can accumulate multiple genes in a single cell, each encoding
resistance to a single drug. This accumulation usually occurs in resistant (R) plasmids.

O«

Inactivaton of antibiotics directly by hydrolysis or modification.

O«

And, multidrug resistance may also result from increased expression of genes encoding

multidrug efflux pumps, thereby extruding a wide range of drugs

Acinetobacter baumanni©One of the most impaht weapons in Acinetobacter is its impressive
genetic plasticity. This not only facilitates rapid genetic mutation and rearrangement but also the
integration of foreign determinants into mobile genetic elements (loannis, &03ll) The

mechanism of aitiiotic resistance i\. baumanniis based on:

O«

transportation through membrane

w

o

enzymatic modifications

O«

target site alteration

Among these, the insertion sequences are thought to be one of the key forces shaping the bacterial
genome and, ultimately, evaion (Vrancianu et al2020). Baumani can form biofilms, which can
extend survival in medical devices such as intensive care unit (ICU) ventilators. The mechanisms
of antimicrobial resistance are primarily related to the modulation of antibiotic trarzsposs

bacterial membranes, changes in antibiotic target sites, and enzymatic modifications that lead to

antibiotic neutralizatiorfloannis et al.2021)

K. pneumoniaetn K. pneumoniagmore than 100 unique acquired antimicrobial resistance genes
havebeen found that encode proteins that confer resistance to various classes of antibiotics. The
renownedKlebsiella pneumoniaegCarbapenemaséKPC) gene and the recently discovered
plasmidborne RND efflux pump gene cluster, tmexC@prJl, are two examples of the

numerous resistanatetermining factors that were initially discovered Kn pneumoniaeln
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addition,K. pneumoniaeises a varietyfagyene products to get beyond the host's innate immune

system. There are several virulence factors that have been thoroughly studied, including:

O«

siderophores,

O«

fimbriae,

O«

the capsule, and

O«

lipopolysaccharide.

Active antibiotic therapy and sufficient source control are both necessary for the management of

K. pneumoniaénfections.

Pseudomonas aeruginoses resistant to various antibiotics, including aminoglycosides,
gui nol o HAastams (Hancack amd Spge2000). In general, the main mechanisms used by

P. aeruginosato counter antibiotic attack can be divided into:

O«

intrinsic resistance,

O«

acquired resistance, and

O«

adaptive resistance.

Intrinsic resistance oP. aeruginosancludes low outer membrane rpeeability, expression of
efflux pumps that efflux antibiotics from the cell, and production of antibinictivating
enzymes. (Zheng et aR019) Acquired resistance Pseudomonas aeruginosan be achieved

by either horizontal transfer or mutatiocabnge of the resistance gene (Breidenstein et al., 2011).
Adaptive resistance @¢t. aeruginosancludes biofilm formation in the lungs of infected patients.
This biofilm acts as a diffusion barrier that limits the access of antibiotics to bacterial cells
(Drenkard, 2003). In addition, multidrugsistant persister cells that can withstand antibiotic
attack may form in biofilms. (Zheng et ,@019) These cells are responsible for persistence and

recurrence.
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1.4: About Levofloxacin

Levofloxacin, a thirdgeneration fluoroquinolone and is an isomer of ofloxacin that was created
and produced by researchers at Daiichi Seiyaku. (Walter, 2005) Ofloxacin is racemic, as the
Daiichi scientists were aware, but they were unable to synthesipgdhsomers separately. They
finally succeeded in synthesizing the pure levo form in 1985 and demonstrated that it was more
effective and less dangerous than the other forfactions that can be treated with Levofloxacin

are:

O«

respiratory tract infectius,

O«

cellulitis,

O«

pneumonia

O«

urinary tract infections,

O«

prostatitis,

anthrax,

O«

O«

meningitis,

O«

pelvic inflammatory disease,

traveler's diarrhea,

O«

tuberculosis, and

O«

O«

plague

Levofloxacin is a fluorinated quinolone carboxylic acid, likefelbroquinolones. It is a chiral
molecule and the sole source of the racemic antibiotic ofloxacirsnégitiomer. (Morrissey et
al., 1996) Compared to its (€R) counterpart, this enantiomer more strongly interacts with both

topoisomerase IV and the DNgyrase enzyme. (McGregor, 2008)

O )

Levofloxacin structure.
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In the United States, levofloxacin was given medical approval in 1996. It appears on the WHO's
list of essential medications (The American Society of Hegjtstem Pharmacists, 201®).s
accessible as a generic drug. With more than 3 million prescriptions written, it was the 182nd most
popular drug in the US in 2019. ("The Top 300 of 2019", 2021)

In Bangladesh, Levofloxacin is one of the most available and cheap antibiotics. Aveogt
pharmacy always has levofloxacin in their stock. A developing country like Bangladesh with a
huge population needs this kind of antibiotic which has multipurpose uses and is also affordable.
Fighting against antibioticesistant bacteria with suchn antibiotic will be a groundbreaking

discovery.

1.5: MDR, XDR, and PDR

When discussing antibiotiesistant organisms, the categories MDR, XDR, and PDR are
important. MDR organisms are one of the main issues in today's modern era of sophisticated
therapes. These three groups of species exhibit resistance. These three classes assist in classifying

resistant organisms, which is beneficial for the research world.

Multidrug resistance is referred to as MDR. The organism is referred to as MDR if it tanesis
to at least one important antimicrobial agent (Rex, 2019). p@siive and grarmegative
resistant bacteria are not specifically defined as MDR, which frequently makes it difficult to
compare the data accurately address this issue, laboratorésssify organisms as MDR based

on the findings of in vitro tests for antibiotic susceptibility (Magiorakos et al., 2011). When an
organism experiences one of the following: (gfeositive or grarmegative) Being resistant to

three or more types of antiltics MDR is acknowledged as the cause (Magiorakos,&(dl1).

The terminology XDR refers to either excessively or extensively high drug resistance. The
extensively drugesistant Mycobacterium tuberculosis, commonly known as XDR MTB, was the
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first organism for which the XDR name was used (Magiorakos et al., 2011). There are two ways
to define XDR. The first one is based on how many classes or subclasses an organism is capable
of surviving. The second one is based on how many important antimicrobialgamsm is

resistant to. There need to be more than one (Magiorakos et al., 2011).

Pan drugresistant is the abbreviation. The prefix "panvhich means "all" or "whole," has its

roots in the ancient Greek languagiccording to Dorland's lllustrated Medical Dictionary, it is
significant because it has been used to create a variety of combined biomedical terminology to
signify the inclusion of all components or facets of an organism. (Matthew and Dros8sTBe

word "pan resistance" or "pandrug resistance" (PDR) in this context cannot be understood in any

other way than to denote resistance to all antibiotics.
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1.6:

Objectives of th&tudy

O«

Creating a new, lontasting solution to the increasing issue of giaegative antibiotic
resistantAcinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aeruginosa.
Analyzing Levofloxacin's efficiency when used in combination selreralmedicatiors
to treatAcinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aerudimaisa.

is multidrugresistant (MDR).
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2. Methodology

The experiment was carried out in the BRAC University's laboratdespective research on
the efficiency of Levofloxacin against muttrug resistant gramegative bacteridcinetobacter

baumannii, Klebsiella pneumoniae, Pseudomonas aeruginokaling experiments.

Therefore, Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa
samples were first collected from several hospitals. On nutrient agar, the samples were grown after
being isolated. Then, an Antibiogram was put intocactiFor the antibiogram on MHA, 18
different antibiotics from 13 different classes were used. Doctors frequently recommended
antibiotics to treat bacterial infections. The antibiogram revealed that the samples were resistant
to 96% of the common antibioic This demonstrated that every sample that was examined was
MDR, XDR, and also PDR.

Four antibiotics including Gentamicin, Azithromycin, Levofloxacand Moxifloxacin were
selected from the list of resistant antibiotics to test in combination with Levofloxacin. First,
individual Minimum Inhibitory Concentrations (MIC) for each of the four antibiotics were
calculated for the three organisms that had bedeatetl. The next step was to conduct MIC tests
with 4 different antibiotic combinations and Levofloxacin. The first test results revealed that the
combination of Azithromycin and Levofloxacin produced the best results. Furthermore, all the
resistant isol&s responded best to the combination. As a consequence, Azithromycin +
Levofloxacin was decided upon as the treatment regimehciaetobacter baumannii, Klebsiella

pneumoniae, and Pseudomonas aerugirassthe research organism.

To do that, 18 more sangs of Acinetobacter baumannii, Klebsiella pneumoniae, and
Pseudomonas aeruginoseere gathered after the first examination and determination. 10 of those
18 samples were identified as MDR, XDR, and PDR in the antibiogram, whereas the other three
were not. Each multidrugesistant Acinetobacter baumannii, Klebsiella pneumoniae, and

Psewlomonas aeruginosaample's unique MIC for Azithromycin and Levofloxacin was
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determined. Different distinct combinations were made from the resurrected data of all 10 samples
to execute the combination MIC determination method. In the MIC determinaticedure, the

C1V1 = GV formula was applied.

Lastly, the combined MIC and individual MIC for each of the 10 samples were used to estimate
the Fractional Inhibitory Concentration (FIC). The effectiveness of the produced result was then

determined by compeng the FIC to the standard.

2.1: Sample collection

Acinetobacter baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginzsd samples

have been collected from the microbiology division of BIRDEM Hospital, Uttara Adhunik
Medical College HospitalUAMCH) and the National Institute of Diseases of the Chest and
Hospital (NIDCH). The samples were taken on tubes of nutrient agar. The samples underwent
nutrient agar slant subculture. It was carefully transported to the BRAC University lab and placed
in the incubator for 24 hours at 37°C. The samples were subcultured once again on the nutrient
agar dish using the streak plate method after the initial 24 hours of incubation, and the incubation

was carried out for 24 hours at 37°C.

Furthermore, each sangplwas tested for purity using gram staining and other biochemical

procedures after the initial growth.

Hence, for continuous culturing, the samples were then streaked on agar plates with specjfic media
for example Acinetobacter baumannéndKlebsiella meumoniaavere streaked in MacConkey

agar plates anéPseudomonas aeruginoseere streaked in Cetrimide agar plates. To prevent
contamination, this action was taken. Additionally, the samples were k&@t’at on T1N1 agar

with paraffin oil in the vial. Tk stock had been made.
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2.2:

Performed Biochemical testing

O«

(@]

O«

Gram staining: When gram staining was first used, samples shadin@eixpected results.
Like, Acinetobacter baumannghowed small pink coccobacillklebsiella pneumoniae
showed pink roéghaped andPseudomonas aeruginosgpeared as reddish rstlaped
bacteria under the microscope. which also proved these arenggative bacteria and the
outcome was as expected.

Citrate Utilization Test: A positive result indicates thdi¢ media's green hue changed to
blue. All three bacteria tested positive and showed a deep blue color.

lnd()IL' ]C\[ A\1L‘lh\[ }{Cd vl‘Cbl \"P ‘lACSl (‘l“—;llc _,A\Lu.ur

Biochemical Test.

The MIU (Motility Indole Urease) test: It showed thatAcinetobacter baumannii,
Pseudomonas aeruginoaadKlebsiella pneumoniakdole had no nomotile properties

since samples only developed in the stabbing line. As a result, a color change happened.

Acinetobacter baumanniand Pseudomonas aeruginosaere urease negative so, the
yellow color remains the same. But asKdebsiella pneumonia¢he media changed from

yellow to pink since urease was only marginally beneficial.

Lactose fermentation: The colonies oKlebsiella pneumdae on the MacConkey agar
plate caused the agar to shift from pink to yellow. Which means these atactuse

fermenting bacteria. On the other haAdjnetobacter baumannis a lactose fermenting
bacteriumso the colonies remain pink. Alseudomonasasuginosadoes not ferment or

produce acid from lactose.
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0 TSI (Triple Sugar Iron): Bacteria were injected into a TSI slant agar tube using a needle.
For Acinetobacter baumanrsindPseudomonas aeruginoghe slant and butt remain red.
But for Klebsiella preumoniaethe slant and butt turned yellow instead of red due to the
production of acid from glucose.

2.3: Collection of antibiotics

The 4 antibiotics used in MIC determination process were:
1. Gentamicin,
2. Azithromycin,
3. Levofloxacin,

4. Moxifloxacin

0 Gentamicin: Chemically speaking, gentamicin sulfate, a white to buff powder that is
soluble in water, is what is known as gentamicin sulfate, USP. In b adtilled water,

0.4 g of Gentamicin was dissolved and the solution was filtered using a syringe filter.

O«

Azithromycin: Aristopharma Ltd.'s Az eye drop was utilizedeBy 5 ml of this contains
200 milligrams of azithromycin. S@,1% Azithromycin solution was created.
0 Levofloxacin: Levobac eye drop of Popular Pharmaceuticals Ltd was utilizeds 0.86

Levofloxacin solutions.

O«

Moxifloxacin: Moxifloxacin hydrochloride of pharmaceutical grade was utilized (INN).
10 ml of distilled water was used to dissolve 0.055 mg of moxifloxacin. A syringe filter

was then used to filter the fluid. A 0.5% moxifloxacin soluticasvproduced as a result.
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Table 1: List of used Antibiotics

Number Name of Antibiotics Class

1. Amikacin Aminoglycosides
2. Ampicillin Penicillin

3. Azithromycin Macrolides

4, Cefalexin Cephalosporins
5. Ceftriaxone Cephalosporins
6. Ceftazidime Beta lactam

7. Co-trimoxazole Sulfonamides
8. Cefixime Cephalosporins
9. Colistin Polymyxins
10. Doxycycline Tetracycline
11. Gentamicin Aminoglycosides
12. Imipenem Carbapenems
13. Kanamycin Aminoglycosides
14. Levofloxacin Fluoroquinolones
15. Moxifloxacin Fluoroquinolones
16. Tetracycline Tetracycline
17. Tazobactam b-lactamases
18. Tigecycline Tetracycline
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2.4: Preparation of Media:

2.4.1: Nutrient Agar Preparation:

The organisms were first grown on nutrient adjartrient agar was taken in dised water as per

the direction in the containet (iter of distilled waterand28 grams ofutrientagar powder were
dissolved by heating the mixture until the agalted. The dissolved agar was then autoclaved
for 15 minutes at 121°C. The medium cooled down following the autoclave's completion. After

that, the media was added to the Petri dishes and left to set in the laminar.

The fresh media fridge was used tokélee solidified dishes.

2.4.2: MacConkey Agar Preparation:

The frequent subculture process in the research was carried out on MacConkey agar plates. To get
the young culture the next day, which is necessary to make the bacterial suspension, samples were
streaked daily. To assure sample purity and prevent any contamination, this selective medium was
utilized. MacConkey media was prepared as per the direction in the container (1 liter of distilled
water, and 49.53g of MacConkey agar powder were dissolvbddiing the mixture until the agar
melted).It was then put into an autoclave for 15 minutes at 121°C. In the laminar, the autoclaved
medium was chilled before being put onto Petri dishes. The media was kept in the refrigerator to

store and solidify.

2.4.3: Mueller Hinton Agar (MHA) Preparation:

During the antibiogram procedure, MHA was used. Since it is ssal@ttion medium, any type
of organism can grow there. Being a soft agar, diffusion happens quickly. This is a significant
benefit of the disc ffusion procedure. A liter of distilled water was boiled and used to dissolve

38g of MHA powder. Following that, the medium was cooled down for a short while being
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autoclaved for 15 minutes at 121°C. After that, the media were put onto Petri dishdanmitiae

and allowed to solidify. Antibiograms were then run on the solidified media.

2.4.4: Brain Heart infusion (BHI) Broth Preparation:

The procedure for determining the MIC was carried out using BHI broth. One liter of distilled
water was used to didse 37 grams of BHI powder. The broth dissolved without the need for
heat. Using a glass pipette, the broth was poured into test tubes. BHissbrattie upf 5 ml of
each test tube. A beaker containing the test tubes was sterilized by autoclavingCatot 215

minutes. The test tubfdled beaker was then placed in the fresh media refrigerator for later use.

2.5: Physiological Saline Preparation

Biological suspensions of the bacteria were made using physiological saline. Since the saline
should only ontain 0.9% sodium chloride, it was dissolved in 100 ml of distilled water. Any more
than that would cause the environment to become too alkaline, which would kill all the bacteria.
Using a glass pipette, 10 ml of saline was then added to each test fiebdeg autoclaved at

121°C for 15 minutes, the test tubes were then kept at ambient temperature.

2.6: Bacterial Suspension Preparation

Physiological saline was used to create the bacterial solution. Using a loop, a tiny number of
bacteria were extréed from a single colony of a young culture and dissolved in saline. To
completely dissolve the germs, the solution was then vortexed. It was then contrasted with

solutions using the MacFarland standard 0.5.
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2.7 Antibiogram

Antibiogram is a profile ofesting for antibiotic susceptibility. The disc diffusion technique is used

to accomplish this. Initially, bacterial suspension was equally spread over the Mueller Hinton Agar
(MHA) plate using sterile cotton swabs. Five antibiotic disks were then puadndsh. Four

MHA plates were used for eacAcinetobacter baumannii, Pseudomonas aeruginosa and
Klebsiella pneumoniae sampleAfter that, the plates underwent a-Rdur period of 37°C
incubation in the incubator. Following 24 hourssasurements for each antibiotic disk were taken,
and the clear zones were compared to the norm. This made it possible to identify which sample

was susceptible to a particular antibiotic and which antibiotic was resistant to it.

Figure : Antibiogram testing for antibiotic susceptibility Acinetobacter baumannii, Pseudomonas
aeruginosa,and Klebsiella pneumoniasamples.
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2.8: Determination of Minimum Inhibitory Concentration (MIC)

The term "minimum inhibitoryconcentration” (MIC) refers to the lowest concentration of an
antibiotic required to totally stop bacterial growth. This aided in the study to evaluate an antibiotic's

effectiveness against a bacterium.

BHI was employed in this situation. First, each dntib's MIC against each sample was
calculated individually. There ave5 ml of BHI in each test tube. For the first phase's individual
MIC determination technique, 13 different antibiotic concentrations were used. 13 additional
concentrations were seledtdor the second phase. Thaz = CV> formula was used to
determine how much of each antibidtié\zithromycin and Levofloxaci® had to be added to the

5 ml BHI tubes. Before adding the determined amount of the appropriate antibiotic, the calculated

amountwas first removed from the BHI tube.

Then each t ube thelmmceial sugpdnsidh@ve a MacFartand standard of 0.5)
For 18 to24 hours, the tubes were incubated in a shaker incubator at 37 °C and 80 rpm. After 24
hours, the tubes' turbidity was assessed, and the MIC of the antibiotic for the particular bacterium

sample was found in the tube with the lowest concentratitmeafear medium.

To identify the MIC of the combination, the serial dilution approach was employed in the initial
detection stage. Run six different combinations. Thé.G C;V2 formula was applied to 10 novel

combination concentrations for the second phase.

The same ©/1 = GV2 formula was used to calculate tamountf antibioticsneeded to achieve
the target concentration in the BHI broth. The remaining steps were identical to the MIC
determination steps used for each person. The combination MIC forridifotics witha clear

medium was established as the lowest total concentration.

To make sure the results were accurate, each MIC determination was carried out twice.
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2.9: Calculation of Fractional Inhibitory Concentration (FIC) Index

To control the #icacy of the outcome, the FIC index is calculated. The FIC index is divided into
4 levels:

O«

Synergistic: < 0.5
Additive: > 0.5-1
Indifference: > 1- 4

O« O«

O«

Antagonism: > 4

The outcome is more efficient when the FIC value is lower.
0 The formula of FIC:

FIC=MI C of the agents in combination u MIC of t

0 The formula of FIC Index:

VYPCZYTY9UYp=Zp=D=XoPc=th=Z03U=33Ut O] =2t =ZwtosWat yoat

Using the previously gathered information, these formulae were applied to determine the FIC
index for each of the teAcinetobacter baumannii, Pseudomonas aerugirmsa Klebsiella

pneumoniasamples. The efficacy of each sample was then assessed by comparing the FIC index
to the standards.
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3. Results

In the current studyi,8total collected sample samples were gathered from three different hospitals
and research instituteand using the disc diffusion method, those were classified as being either
Multidrug-Resistant (MDR) or Extensively Drugesistan{XDR) after having been exposed to

19 different antibiotics. Additionally, Levofloxacin was coupled with three antibiotics to see if the

mixture could eradicate the pathogen shown in table 3 by itself.

3.1 Categorizing the pathogenic Bacteria

At first, dl 18 samples were tested for antibiogram then later on 10 samples which were MDR,

XDR, and PDR were selected for MIC determination.

Table 2: Name of the samples

Acinetobacter Klebsiella Pseudomonas

baumannii pneumoniae aeruginosa

Sample name
ACB1. ACB2, ACB3, | KP1, KP2, KP3, KP4| PSU1, PSU2, PSU3

ACB4, ACB5 KP5, KP6, KP7 PSU4, PSU5, PSUG
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Table 3: Antibiogram results of all sample

9NSd

Sample Name

SNSd

¥NSd

€Nsd

¢nsd

TNSsd

R
R

R
S
R
R
R
R
R
R
R
R
S
R

LdM

S

S

9dM

R

SdM

S| R|R

S| R|R

vdMX

R

R|IR| S| S

edM

S|IR|R|S|R

S|IR|R|R|R

¢di

SIRIR|S|R|R

R

TdX

RIR|{RIR|S|R|S

R|R|R|R

SIR|R|R|R|S

S|IS|IR|R|R|R|R

SIR|IR|S|S|R|R

R|IR|IRIR|R|R

RIR|{R| S|S|R|S
RIR|{RIRIR|R|R

S|IR| S| S|R|R

RIR|{RIR|S|R|S

R|IR|S|R
R | R
R
S

qgov

R

S
R

S

R
R

S
R

S
S
R

S
R

¥dov

€gov

cadv

R

S

R

S

190V

R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
R

Antibiotic
Name

Amikacin

Ampicillin
Azithromycin

Cefalexin
Ceftriaxone

Ceftazidime

Co-trimoxazole

Cefixime
Doxycycline

Gentamicin

Imipenem
Levofloxacin

Moxifloxacin

Tetracycline

Tazobactam

Tigecycline

NO.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
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SELECTED MULTIDRUG -RESISTANT BACTERIA
AND THEIR RESISTANCY
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RESISTANT SAMPLES

Figure 2: Selected Multidrug resistant bacteria and their resistance.

The disc diffusion techniqgue made it possible to identify wisample was susceptible to a
particular antibiotic and which antibiotic was resistant to it. At first, all 18 samples were tested for
antibiogram then later on 10 samples which were MDR, X&#& PDR were selected for MIC

determination.

Table 4: Selected maltidrug -resistant bacteria for MIC

Total collected sample MDR XDR PDR

18 4 4 2
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Table 5: Antibiotic susceptibility of the selected bacteria

Samples

Agg]frf;)r?ncitier Klebsiella pneumoniae P;gfudgoirrroosr;as
Name of the
Antibiotic

< < < o o o
Amikacin R R R R R R R R R R
Ampicillin R R R R R R R R R R
Azithromycin R R R R R R R R R R
Cefalexin R R R e R R S R R R
Ceftriaxone R R R S S R R R S R
Ceftazidime R R R R S R S S R S
Cotrimoxazole | R S R S R S R R R R
Cefixime R R S R R R R R R S
Doxycycline R S R R R S R R R R
Gentamicin R R R R R R R R R R
Imipenem R R R S R S R R S R
Levofloxacin R R R R R R R R R R
Moxifloxacin R R R R R R R R R R
Tetracycline R R R R R R S R R R
Tazobactam e 3 R R S R R S R S
Tigecycline R R S S R R R R R R

[Key: R = Resistant$ = Sensitive]
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3.2: Screening antibiotic combination against MDR, XDR, and PDR bacteria

To inhibit the infection from spreading by using Levofloxacin in various combinations with three
different medications, including various antibiotic classes, as indicated in table 3, four MDR and
four XDR, two PDR strains of thécinetobacter baumannii, Bedomonas aeruginosand

Klebsiella pneumoniapathogen were chosen at random.

Table 6: The combination of Levofloxacin with several antibiotics and the synergy screening

Combination of Antibiotics Inhibition of Growth

Levofloxacin +Gentamicin -

Levofloxacin + Azithromycin +

Levofloxacin + Moxifloxacin +

(+ ve means combination was effective ané means combination was not effective)

3.3: Determination of Minimum Inhibitory Concentration (MIC)

Following the screening of three medications, the effects between Levofloxacin and the minimal
inhibitory concentrations of Gentamicin, Moxifloxacin, and Azithromycin were further
investigated (MIC). When determining synergistic effects, the FIC indeged as a statistical
validation techniqueTo compare the fractional inhibitory concentration (FIC) to the FIC index,
the MIC and FIC were both determined.
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3.3.1: Determination of Levofloxacin, Azithromycin, and the
combination of Levofloxacin and Azithmoycin MIC (First
Phase)

Several repeats of tha\Zy = C;V2 procedure and serial dilution were utilized to create the required

antibiotic concentration.

Table 7: The MIC value of Levofloxacin for the Acinetobacter baumannii, Pseudomonas

aeruginosaand Klebsiella pneumoniaéFirst Phase)

c Samples
e
) © =
S| €C _ ) _ _ Pseudomonas
Z 8 & | Acinetobacter baumannii|  Klebsiella pneumoniae .
i 5 o aeruginosa
o o
S| &>«
g ] 9
< | &
E ACBl1 | ACB2 | ACB4 | KP1 | KP2 | KP4 | KP6 | PSU1| PSU3| PSU4
40 T T T T T T T T T T
50 T T T T T T T T C T
60 T T T T T T T T C T
£
S 70 T T T T T T T T C T
8
e 75 C C T T T T T C C T
4
80 C C C T T T T C C T
90 C C C T T T T C C T
100 C C C T T T T C C T
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125 C C C T T T T C C T

150 C C C T T T C C C T

200 C C C T T T C C C T

[Key: C = Clear, T = Turbid, C = MIC Value]

The results of the first phase fécinetobacter baumannare displayed in the Tables To
evaluate the MIC value of each drug as well as the combination of antibiotics, three samples were
selected from which one was MDR and two were PDR. As for Levofloxacin, the MIC values were

75 e€g/ ml, 75 €9/ ml, and 80 ¢eg/ ml

ForKlebsiella pneumonigdour samples were selected for the test of which three were XDR and
one was MDR. The MIC value of Levofloxaairere not foundBecause KP isolates needs higher

concentration.

In the case oPseudomonas aeruginosa,samples were selected that wargibiotic resistant
from which one was XDR and two were MDR. The individual Levofloxacin concentrétons
two isolates were found which was5 ¢ g/ ml , Thés® westlge/mmmimum inhibitory

concentrationgTable 7).
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Table 8: The MIC value of Azithromycin for the Acinetobacter baumannii, Pseudomonas

aeruginosaand Klebsiella pneumoniaéFirst Phase)

o a Samples

5| 8°F

Z | 85~ Acinetobacter _ ' Pseudomonas

o | 8& B Klebsiella pneumoniae .

RN baumannii aeruginosa

8 |<5]

= o

é ACB1 | ACB2 | ACB4 | KP1 | KP2 | KP4 | KP6 [ PSU1|PSU3| PSU4
50 T T T T T T T T T T
75 T T T T T T T T T T
100 C T T T T T T T C T

=] 125 | C C T T | C T T C C T

o

S| 150 | C C T cC | C C T C C T

)

S 200 C C C C C C C C C T

e

Jl2s0| C C C c|lc|c|c]|]c]|c T
300 C C C C C C C C C T
350 C C C C C C C C C T
400 C C C C C C C C C C

[Key: C = Clear, T = Turbid, C = MIC Value]

In the results of thesecondphase(Table 8, the individual Azithromycin concentratiorfer

Acinetobacter baumanniierel 0 O

e MDRHL 2 5 ( o g°/DiRI)

found to be the minimum inhibitory concentrations

For Klebsiella pneumonigghei ndi vi du al
200

150

eg/ ml , and

e g/ mli

Azithromycin

wer e

In the case oPseudomonas aerugingdaei ndi vi dual

25

eg/ ml, and 400
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wer e

found to

Azithromycin

found to
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Table 9: The MIC value of the combination of Levofloxacin and Azithromyan for the

Acinetobacter baumannii, Pseudomonas aerugin@sal Klebsiella pneumoniaéFirst Phase)

Concentration Samples
Antibiotic Acinetobacter . . Pseudomonas
g (eg/ ml ~ Klebsiella pneumoniae .
T baumannii aeruginosa
Z
L
o] ¢ <
Q Q (&)
= @®© > - N <t - ™ <t
c x e — N <t © - N -
<l 2| g |c|lo|d|yle|s|e|o|D|D
2 S | < < Q Q| a
(] N
- <
5 T T T T T T T T T T
10 10 T C T T T T T T T T
£
é 10 5 (c|lc | T | T | T | T|T|C]|C]|T
o
E 15 15 C C s T T T T C C T
N
<
+ 20 20 C C C T T T C C C T
£
§ 20 30 C C C T C T C C C T
o
S 30 30 C C C C C C C C C T
()
-
35 35 C C C C C C C C C T
40 40 C C C C C C C C C C

[Key: C = Clear, T = Turbid, C = MIC Value]

In the first phasén table 9,the ACB1, ACB2 and ACB4 exhibited MIC of the Levofloxacin +

Azithromycin combination at 26 g / ml

For the Klebsiella pneumonia&P1, KP2, KP4, and KP6 exhibited MIC of the Levofloxacin +

Azithromycin combi

table 9

For Pseudomonas aerugingsBSU1, PSU3 and PSU4 exhibited MIC of the Levofloxacin +

Azithromycin combi

, 20

nat i

nat.i

45

e g/ mli

on

on

at

at

55

25

and 30 gg/ ml re

e g/ mlshownsrb

g/ ml, 25

eg/ m

eg/ m



3.3.2: Determination of Levofloxacin, Azithromycin, and the combination
of Levofloxacin and Azithromgin MIC (Second Phase)

A limitation of the first phase result was the significant concentration gap range of the antibiotics.
The results are shown in tables as a consequence of doing the same test twice with a smaller gap

range.

Table 10: The MIC value of Levofloxacin for the Acinetobacter baumannii, Pseudomonas

aeruginosaand Klebsiella pneumonia€Second Phase)

Samples

Acinetobacter _ _ Pseudomonas
. Klebsiella pneumoniae _
baumannii aeruginosa

(eg/ ml)

Antibiotic Name
Antibiotic concentration

ACB1
ACB2
ACB4
KP1
KP2
KP4
KP6
PSU1
PSU3
pPSU4

g
—
—
—
—
—
—
—
—
—
—

45 T T T T T T T T T T

50 T T T T T T T T C T

55 T T T T T T T T C T

60 T T T T T T T T C T

Levofloxacin only

70 T T T T T T T T C T

75 C C T T T T T C C T

80 C C C T T T T C C T
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90 C C C T T T T C C T
100 C C C T T T T C C T
125 C C C T T T T C C T
150 C C C T T T C C C T
200 C C C T T T C C C T
250 C C C T T T C C C T
300 C C C T T C C C C C
350 C C C T T C C C C C
375 C C C T C C C C C C
400 C C C C C C C C C C
405 C C C C C C C C C C

[Key: C = Clear, T = Turbid, C = MIC Value]

The results of theecondphase folAcinetobacter baumannare displayed in th&able10. This
second phase was done as the confirmatory Assfor Levofloxacin, the MIC values were 75
eg/ ml , 75 ¢ g/whihwassasshmedal thesfiggt/phake. Woatfirmsthe accurate
MIC value.

ForKlebsiella pneumonigdour samples were seledtéor the test of which three were XDR and

one was MDR. The MIC value of Levofloxacin were not foumdhe first phaseBut in second

phasethe i ndi vi dual Levofl oxacin concentrations -
(Table10) were found tde the minimum inhibitory concentrations.

In the case dPseudomonas aerugingsheindividual Levofloxacin concentrations fall isolates
were found which wa89DO07 % JHegelware the rhiimum ghibindry

concentrations (Tabl&0).
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Table 11: The MIC value of Azithromycin for the Acinetobacter baumannii, Pseudomonas

aeruginosaand Klebsiella pneumonia€Second Phase)

o Samples
o | 2_
% g g Acinetobacter _ ' Pseudomonas
Z g ~ B Klebsiella pneumoniae .
0 c o baumannii aeruginosa
S| 32
2 5 - < — ™ <
< S a @ o) by N N © D - -
< = o 2l o o
Z 2 -2 -2 2 2 O~ A~ O - N
90 T T T T T T T T T T
100 C T T T T T T T C T
110 C T T T T T T T C T
120 C T T T T T T T C T
>
E 125 C C T T | T T C C T
i3]
E‘ 130 C C T T C T T C C T
o
= 150 C C T C C C T C C T
N
<
175 C C T T C C T C C T
200 C C C C C C C C C T
350 C C C C C C C C C T
400 C C C C C C C C C C

[Key: C = Clear, T = Turbid, C = MIC Value]

The results of thesecondphasein Table 8 the individual Azithromycin concentratiorfer
Acinetobacter baumanniterel 0 0 ¢ BIDRpL 25 ( € g/ ml ( P BOR)whichavda€d € g/ m

found to be the minimum inhibitory concentratioéhich was aconfirmatory test.

For Klebsiella pneumonige he 1 ndi vi dual Azithromycin conce

150 e€g/ ml , and 200 e€g/ ml were found to be the

In the case oPseudomonas aerugingdéie individual Azithromycic oncent r ati ons 12

25 e€g/ ml, and 400 e©€g/ml were found to be the
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Table 12: The MIC value of the combination of Levofloxacin and Azithromycin for the
Acinetobacter baumannii, Pseudomonas aeruginoaad Klebsiella pneumoniae(Second
Phase)

Concentration Samples
Antibiotic Acinetobacter . . Pseudomonas
2 (eg/ m . Klebsiella pneumoniae _
< baumannii aeruginosa
p
Q
ke, £ =
= g 2 4 | o < = ™ <
| & s |e|a|2|alalalelalala
O N
— <
5 5 T T T T T T T T T T

10 10 T C T T T T T T T T

5 15 T C T T T T T T T T

10 15 C C T T T T T C C T

15 15 C C C T T T T C C T

20 20 C C C T T T C C C T

20 30 C C C T C T C C C T

25 25 C C C T C T C C C T

Levofloxacin + Azithromycin

30 30 C C C C C C C C C T

30 25 C C C C C C C C C T

35 35 C C C C C C C C C T

40 40 C C C C C C C C C C

[Key: C = Clear, T = Turbid, C = MIC Value]
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In the second phasée MIC value of the combination of Levofloxacin and Azithromycin for the
Acinetobacter baumannii, Pseudomonas aerugires#Klebsiella pneumoniagas similar to
first phase Here the difference between the concentration was less thahe first phaseTo

lessen the concentrations in combination screenisgcond phase.

In the secondphasein table 12, three samplesf Acinetobacter baumannivere selected from

which one was MDRand two were PDRThe ACB1, ACB2 and ACB4 exhibited MIC of the
Levofloxacin 4+ Azithromycin combinatioaof at 25
which is similar to first phase.

For the Klebsiella pneumoni, of which three were XDR and omeas MDR In table 12KP1,
KP2, KP4, and KP6 exhibited MIC of the Levof |l
55 g/ ml, 60 &g/ ml , whicimabnsided as thg comfitmatoretassp ect i vel y

For Pseudomonas aerugingsasamples were seledt that were antibiotic resistant from which
one was XDR and two were MDRHere, PSU1, PSU3and PSU4 exhibited MIC of the

Levofloxacin + Azithromycin combination at 25
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MIC