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ABSTRACT

Bloodstream infections are the major causes of morbidity and mortality worldwide. Alarmingly,
Gramnegative bacteria that produce bktetamase and carbapenemase are causes for the rapid
global spread of mukHilrug resistance (MDR), which significantlyojgardizes the efficacy of
existing antimicrobial treatments. This research aimed to analyze the microbial profile,
antimicrobial susceptibility, genomic diversity, and associated risk factors of-Gegative
bacteria in bloodstream infections. A crasstional study was conducted between September
2018 and March 2019 on 1486 bloodstream infection suspected patients. In addition to
biochemical identification and antimicrobial susceptibility tests, PCR and WGS were conducted
for ESBL, AmpC, MBL and carbapemase producing resistance genes. The prevalence of
bloodstream infection was 417 (28.06%), and the most prevalent bacterial specikikebsistia
pneumonia€17.6%) andAcinetobacter spp(11%). Culture positivity was associated with age
below 6 years)CU admission, length of admission > 5 days, temperature greater tHag 38
instrument usage during medical care, chronic illness, and neonatal incubatiordrivimlti
resistance was 95% where 56%, 32% and 7% of the isolates exhibited MDR, XDR, and PDR
respectively.Klebsiella pneumonia@nd Acinetobacter spshowed the greatest rates of XDR
(37%) and PDR (77%), respectively.

Among the 231 phenotypically characterized isolates, 195 (84%)hydrglyzing enzyme
producers, 54% and 26% were ESBL and carbapenepnadacer, respectively. Again,
Klebsiella pneumoniawas the highest drulgydrolyzing enzymeproducer bacteria. 176 out of
the 195 (76%) were PGBonfirmed resistant bacteria, of which ESBLs, MBLS, carbapenemase,
and AmpGCBLs accounted for 53%, 22%, 20%, and 10%, respectively and bl B¥aFOXM,
blaOXA-23, and blaNDM were the highest hitsdiebsiellapneumoniag(75%9, andEscherichia

coli (24%).

Out of the 142 whole genome sequenced isolates, 1604 genes categorized into 168 resistance
classed were identified. A total of 1055 virulence genes were identified belonging to 133 types.
The majority of AMR genes and virulent genes were observédeinsiellapneumoniag40%)

andE. coli(71%), respectivelySuR was the most prevalent gene (%), followed by bla®TA5

(5%), and aph (3*) (5%). fimH (6%), iutA (6%), and traT (5%) were the most prevalent virulent
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genes. The most common ESBL producer genes were bM-TE (7%) and blaTEMLB (6%)

and the most common AmpC genes were blaCM{2%) and blaCMY6 (1%). The highest
carbapenemase genes were blaG23A(3%), blaOXA66 (3%), blaNDML1 (2%), and blaOXAL

(2%). In 82 (58%) of the sequenced strains, eight types of gene mutations were identified: parC
(30%), gyrA (30%), ramR (1%), rpoB (1%), ompK37 (45%), acrR (43%), and ompK36 (43%)
with a total of 220 antimicrobial gene mutations and-pdiht mutations. HoweveR?2 (2%) of

the mutations were frameshift mutations and the rest 934 were point mutations. Among the 142
drugresistant strains, 103 (73%) have plasmid mist, and 108 (76%) have plasmid genes.
Resistance to disinfectants like benzalkonium chloride 77(528d) cetylpyridinium chloride
77(52%) had OgxA 41(29%), OgxB 41(29%), and gacE 49(35%) disinfaesistant genes. Like

other AMR genes, NICU (B6) still has the leading prevalence of disinfectant resistance genes
(22%) followed by C/W (9%) and pediatrietmatology (D7) (8%).

The study showed AMR has become a significant health hazard of bloodstream infection that most
affects neonatal and ICU patients. The alarming result of this study was 7% PDR bacteria. The
NICU by ESBL and SICU, General surgery, and caesarian section hyniarbapenemase
producer strains were affected. A high burden of ESBL and Carbapenemase was seen in this study
The predominant ESBL, MBLs, and Carbapenemase genes were bMCDMINDM, and
blaOXA-23 respectively. Nine novel drugsistant bacteria stres were identified. Surgical and
inserted medical instruments are the main dergistant bacteria transmission roots.
Carbapenemase and MBL drugsistant genes were associated with NICU, general surgery,

SICU, and C/S unit which needs infection prevam8tandard implementation.

Keywords: Bloodstream infections, antimicrobial resistance, Drug resistance category, Drug

resistance mechanism, Multidrug resistance
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1. CHAPTER ONE: INTRODUCTION
1.1. Background

Globally, Hospital Acquired Infections are the most frequentadverseeventto occur during
hospitalization(Labib et al., 2018. Bloodstream infectionsepresentabout15% - 20% of all
nosocomiainfectionsandaffectapproximatelyl% of all hospitalizedoatientsglobally (Bassetti
et al.,2013. In SubSahararcountries,including Ethiopia, bloodstream infections children,
have a mortality rate of nearly53% (Aiken et al., 2011Dagnew et al., 20)3Studiesconducted
in Ethiopia on septicemiasuspectedcasesshoweda prevalenceof 13% 39.2% bloodstream
infections(Negussie et al., 2015eboxa et al., 20)3Dependingntherisk factors,the mortality
ratevariesbetweet.0and41.5% (Ahmed et al., 201)7 Patientswith positiveblood cultures had
afivefold higherdeathratethanthosewithout bacteremia.e., 50.0%ascomparedo 9.8%which

is the caseof thosewithout bacteremigSeboxa et al., 20)5

Bloodstream infections are infectious diseases defined by the existence of viable microorganisms
in the bloodstream, which are later confirmed by the positivity of one or more blood cultures
(Viscoli, 20189. It is an important cause of morbidity and mortality worldwi@aynes and Band,

2009 Timsit et al., 2014 and has of great impact on healthcare opera(iastinez and Wolk,

2016. It is a preventable infection but it is the leading cause of complications especially in
critically ill patients (Hugonnet et al., 2004 Clinical signs and symptoms of bloodstream
infections include fever, chills, and/or hypotension. Other common symptoms include rapid
breathing, confusion, sweating, pain and discomfort, fast heartbeathégtiedness, and
dizzinesgMartinez and Wolk, 2016

Bloodstream infectionsiight be eithercommunityacquiral bloodstreaninfections or healthcare
acquiredbloodstreamninfectiors (Friedman et al., 2002Mun et al., 2022 Recentstudieshave
reportedarapidincreasen the numberof bloodstream infectionsom both communityacquired
bloodstream infectiaand healthcareacquiredbloodstreaminfectiors (Ahmed et al., 2017
Nosocomial infectionNI) or hospitalacquiredinfections(HAI) aredefinedasinfectionsthatare
acquiredduringther stay in thehospitalwithin 48i 72 hoursfollowing admission(Ghadiriet al.,
2012. It includesinfectionsacquiredin the hospitalor health cardacility but appearingafter

dischargeandoccupationalnfectionsamongstaff (WHO, 2014.



Bloodstream infectionmay be eithera primary infection or a secondaryinfection (Gaynes and
Band, 200% Diffusion of bacteriainto the bloodstreamfrom a localized illness resultsin
secondarynfection. Whenno focusis found, it canbe considereda primary infection (Russotto
et al., 2015. There are severalknown risk factorsfor primary bloodstream infectionghese
include immunaosuppressiveonditions environmentalexposures|CU stay, the prevalenceof
specific nosocomial pathogens,surgery, invasive devices invasive procedures(such as
mechanicalentilation,dialysis,insertionof centralvein cathete(CVC)), increaseage lengthof
hospitalstay,impairedconscioudevels,andsteroidtherapy(Bond et al., 201;/Hugonnet et al.,
2004 Ozdemir and Dizbay, 2019Russotto et al., 20150n Baum et al., 2005 Secondary
infectionssuchasurinarytractinfections(UT]I), surgicalwoundinfections(SWI), gastrointestinal
tract infections (GlI), lower respiratoryinfections (LRI) peritonitis, malignancies,and skin
infectionincreases the risk of acquiritdpodstream infectioiGaynes and Band, 2008 hadiri
etal.,,2012Got o and Al Timbaet a.n20112 01 3

Bloodstream infectionsre also becomingproblematicdue to the escalationof antimicrobial
resistancdAMR) (Ghadiri et al., 2012. Therefore,AMR is a global healthand development
threat.Consequentlythe World HealthOrganizatiofWHO) hasdeclaredAMR to be oneof the
top tenworldwide public healthhazardgor human being§WHO, 202). Therapidglobalspread
of multi-resistantbacteriathat causecommon infections and resist treatmentwith existing
antimicrobialmedicinesis alarming(CDC, 2013aWHO, 20152016. TheseAMRs in a wide
range of infectious agentare a growing public health threat and concern of health care
managemenfWHO, 2015). During the pastdecadesa shift in the multidrug-resistant{MDR)
dilemmahasbeennotedfrom grampositiveto gramnegativebacteria,dueto the scarcenesef
new antimicrobialagents(Brusselaers et al., 20LITherefore, m this study multidrugresistant
(MDR), extensivelydrugresistan{XDR), andpandrugresistan{PDR)wereclassifiedaccording
to Magiorakosdefinition (Magiorakoset al.,2012.

Gramnegativebacteriawhosencidence and spread are on the rise right nowtzatdreresistant
to antibiotics are major causs of illness and deathand significanteconomiccostsworldwide
(Holmeset al.,2021; Leskiet al.,2013 Yungyuenet al.,2021). The major global health concerns
of MDR are due to betlactamase and carbapenemd&ds) production, which leads to
antimicrobial resistance (AMRElamreen, 200//Vasoo et al., 200)5Theseantibioticresistance



determinantsare passedrom one bacterialcommunityto anotherthroughthe transductionby
bacteriophagesonjugatiorwith plasmidstransformatiorwith freedeoxyribonucleic aciddNA)
or mobile geneticelementspr othergeneticexchangemechanismgtransposonsnd integrons)
(Bush, 2010 Leskiet al.,2013 Peterson and Kaur, 201&n the other hand, fasterrate of b-
lactamasgenemobility from the chromosoméo the plasmidswasobservedPeterson and Kaur,
2018. b-Lactamasenediated resistanceis increasingly associatedwith plasmidencoded
extendeespectrumb-lactamasegESBLS) and Carbapenemassmetimesin combinationwith
otherresistancenechanismge.g.,porinloss,efflux) (Bush, 2010QNosteret al.,2021).

Infections with ESBEharboring bacteria have been successfully treated with carbapenems, but the
massive use of this antibiotic accelerated the dissemination of carbapefdosiseet al.,2021).

The most common drugesistah gramnegative bacteriain clinical practice includeK.
pneumoniagAcinetobacter baumannitscherichia coli(E. coli), andPseudomonas aeruginosa
(Yungyuenet al.,2021). These strains are frequently left by clinicians without therapeutic options
(Leski et al., 2013. Although betalactam antibiotics are heavilytilized in many developing
countries, the diversity obetalactamase genedl@) and carbapenemase gers® highly
overlooked(Kiiru et al.,2012).

Due to its greataccuracyin describingthe entire genomicstructureof isolates,whole genome
sequening (WGS) is nowin agoodpositionto establishrelatednesacrossstrainsandto become
thegold standardn bacterialtyping (Leeet al.,2014 Simaret al.,202J). It canbeusedto identify
theparticulargeneghatleadto antibioticandothermedicineresistancaswell asto give light on
how thesegenesare distributedthroughoutdifferent bacterialpopulations(Kdser et al., 2014).
WGSof bacterialsolatess recommendetb improveourunderstandingf transmissiomlynamics
and AMR genediversity. (Moghnia and AlSweih, 2022 It hasbeenclearthat thesetestsare
usefulfor genotyping andthe quick andthoroughidentification of bacterialclonesinvolved in

outbreakiransmission(Didelot et al.,2012).

A study done in Ethiopia shows mortality was significantly associated with AMR. There was a
report of multiresistantKlebsiella spp.in the pediatrics department of TASH in 1988 with
resistance rates for chloramphenicol, gentamind cetrimoxazole with 96%, 89%and 86%

occurrences, respectivgl$eboxa et al., 20)5As Balewet al.,study in Addis Ababa from cancer



patients nine isolates tested for ninessaft antibiotics, 89% were resistant to amoxicHlin
clavulanic acid, ampicillin, and trimethoprisulphamethoxazol@Aregaet al.,2017). A study

done in Mekele showthat 59% of the bacterial isolates were MDR. AMR pattern for gram
positive and grasmegative bacteria was-083.3% and G 100%, respectively. High resistance

was seen to Trimethoprisulphamethoxazole 70.1%, Oxacillin 62.5%, Ceftriaxone 58.9% and
Doxycycline 49.3%Wasihun et al., 20950verall, drug resistance for grgmositive bacteria as

7 to 61% and for grarmegative6.9 to 82.6%. The gramegative bacterial isolates showed 66 to
82.6% resistance to ampicillin, ceftriaxgreend trimethoprirrsulfamethoxazolgHailu et al.,

20163. In kumalo et al, study MDR was observed in 80% of isolates. Qf8this% and 71.4 %
accounted for Grarpositiveand GrarmnegativebacteriarespectivelyKumaloet al.,2016. One

of the bacteriatlrugresistanceéransmissiorroots is medical tourism. The Ethiopian middle class

now attends hospitals in Thailand and other destinations overseas for medical treatment including
surgery. The identification of meropenessistantK. pneumonia in Addis Ababa before
carbapenems were used inside the country can be due to the healthcare tourism of recent years
(Seboxa et al., 2015

Antibiotic-resistant bacterial infections are becoming increasingly hard to (et al.,2019.
Antibiotic resistance is a global health emergency, with resistance detected to all antibiotics
currently in clinical use and only a few novel drugs in the pipélbeby et al.,2023. Rising

rates ofantimicrobialresistance amplify the morbidity, mortality, and economic burden associated
with infections. Even successful treatment can come with increased complications, -4gxicore

drugs of last resofSuet al.,2019.

During these last few years, clinicians have witnessed a growing inciderigeoalstream
infectiors by bacteria with resistance against commonly used antimicrqBiaksottoet al.,

2015. The ongoing emergence of resistance in the community and hospital is considered a major
threatto public healthBrusselaers et al., 20 The incidence of infections caused by bleietan:

resistant (ESBL, MBL)Carbapenenrnesistant Enterobacteriace@enpC producing and colistin
resistance organisms due to the production of various enzymes has increased in recent years
(Shaikh et al., 2025



Updatednformationregardingetiologicalagentsof bloodstream infectioandtheir antimicrobial
susceptibility patternsis central for empirical treatmentsuccess.In this regard, continuous
assessmerdf the antibiogramprofile (in which used for starting treatment with out arrival of
laboratory result}s crucialto track changesn etiologicalagentsandantimicrobialsusceptibility
patternsBesides thesestudiesto the knowledgeof theresearchersnost of thendid notaddress
themagnitudeof ESBL andcarbapenenrproducinggramnegative bacteriandassociatediactors
from all agegroupsof bloodstream infectiarTherefore the objectiveof this studyis to address
the identified gapsof insufficient information regardingthe diversity of thesedrugresistance
genes.Accordingly, this study aims to determinethe prevalenceof bloodstreaminfections,
microbial profiles antimicrobial susceptibilitypatterns,and associatedisk factorsas well as
genomic diversity of the isolatesTikur AnbessépecializedHospital(TASH). Mainly thestudy
aimsto showthe magnitudeof ESBL, AmpC-BL, MBL, and Carbapenemasgaroducinggranm
negative bacteriandthe diversity of betdactamase and carbapenemase genesasghciated
risk factorsamongbloodstreanminfection patientsin Tikur AnbessaSpecializedHospital, Addis
Ababa,Ethiopia

1.2. Statementof the Problem

Bloodstream infectios representa common complicationamongcritically ill patientsand a
leading causeof death(Mantzarliset al., 2022. It hasa significant negativeeffect on patient
treatmentoutcomesit increaseghe deathrate, lengthensadmissionto the hospital,andincurs
many moresignificantadditionalexpenseg¢Finkielman et al., 20Q4Hugonnet et al., 2004Even
if several strategies are successful the aforementioned factors bt@ddstream infection
monitoring and prevention top gogldugonnet et al., 2004atel et al., 2000 A prospective
analysisshowsanestimated®50,000case®ccurringeachyearin theUnitedStategU.S.) (Gaynes
and Band, 2009andcaseslueto antibioticresistanbrganismsin particular haveincreaseaver
thelastdecadegWHO, 201Q. Unfortunately,HAIs affect5% to 10% of hospitalizedpatientsin
the U.S. eachyear.Eachyear,aroundl1.7 million HAIs in U.S. hospitalsresultin $20 billion in
medical expensegCDC, 2014. Bloodstream infectiorrepresentsabout 15% - 20% of all
nosocomialnfectionsandaffectsapproximatelyl% of all hospitalizedpatientsglobally (Bassetti
et al.,2013. As a result,the ICU populationhasone of the highestincidencesof nosocomial
infections,which accountfor 20i 30% of all ICU admissiongBrusselaers et al., 20LHigher



mortality ratesof 40% 50%havebeenobservedn surveyf patientswith bloodstream infectian
or septicshockin thehospitall CU (Kontulaet al.,2021 Timsitet al.,2014). A recentstudyshows
bloodstream infectiamarethoughtto be the causeof 250,000deathsannuallyin North America
andEuropecombined despiteimprovementsn antimicrobialmedicationtherapy ,intensivecare,

andpreventativanethodgKontulaet al.,2021).

Developingcountriesgenerallyhave higher ratesof morbidity and mortality, high healthcare
relatedexpensesandlongerhospitalstaysthandevelopedountriefAhmed et al., 2017 A study
conductedn Africa showedthatbloodstream infectiohasa high mortality rateof 43.5%,which
is two times higher than malaria'smortality rate (20.2%) which is primarily causedoy gram
negative bacteri@Endalaferet al., 2011, Ndir et al.,2016. It is oneof the top sevencausef
deathin all of the nationsof North AmericaandEurope.However,dueto a scarcityof studiest
is difficult to acquirereliableestimate®f bloodstream infectiom developingcountrieGoto and
Al Ha s a)nin sul2SaHaranAfrica, few facilities can maintain long-term surveillance
(Musichaet al.,2017).

In SubSahararcountriesncluding Ethiopia septicemias animportantcauseof illnessanddeath
in children. The mortality rate approache®3% which makesit a significanthealthproblemin
developingcountriegAiken et al.,2017). Studiesconductedn Ethiopiafrom patientsadmittedto
surgicalwardsandintensivecareunits found that an overall incidenceof nosocomiainfections
was 35.8/100patientsbut bloodstream infectiomccountsor 20.8% (Endalaferet al.,2011). In
anather similar study conductedn Ethiopiafrom suspectedaseghe prevalenceof bloodstream
infectionwas 18.2%in Gonder(Dagnew et al., 20)328% in Mekelle (Wasihun et al., 2025
39.2%,in Bahirdar(Hailu et al.,20163, 15.8% in Jimma(Kumaloet al.,2016), 27.9%and 15.1%
in Addis Ababa(Negussie et al., 201%eboxa et al., 20}5Severesepsis,septic shock,and
multisystemorgandysfunctionrelatedto bloodstream infectiofrequentlyrequireadmissionto

thelCU for appropriatenanagemen(Timsit et al.,2014).

The problemwill worsenwhentheinfectionis an MDR organismdueto the escalatiorof drug
resistanbacteriagGhadiriet al.,2012. Theimpactsof MDR alsoincludeextendecdhospitalstays,
permanendisabilities,enormousfinancial burdenson health systems substantialexpensegor

patientsandtheir families, preventabledeaths.andincreasednicrobial resistanceas a result of



genetransfer(WHO, 2010Q. According to a study conductedin Belgium, the cost of MDR

infectionsin hospitalizedoatientsrangedfrom $6,000to $30,000per patientdueto inappropriate
empiricaltreatmen(Brusselaers et al., 20ldndincreasedisk of hospitalmortality (Lueangarun
and Leelarasamee, 2012ccordingto researchmadeby Kraker et al. in Europe,fatality rates

increasedip to fivefold whenthe causingorganismsverean MDR (de Krakeret al.,2011).

Resistancés constantlyemergingin the communityandhospitalswhich is viewedasa serious
threatto public health(Russottaet al.,2015 Brusselaers et al., 201l TThesepublic healththreats
of infectionsare causedby the productionof variousenzymesof betalactamresistant ESBL,
AmpC, MBL, and carbapenemasgaroducingbacteria(Shaikh et al., 2015 In gramnegative
bacteria,the resistancas mainly due to the rapid increaseof ESBLs and carbapenemn K.
pneumoniag E. coli, P. mirabilis, Acinetobacterbaumannij and Pseudomonaseruginosa

Enterobacterspp andCitrobacterspecies(Brusselaers et al., 201 Timsit et al., 2013

In 1988, the pediatricsdepartmentit TASH receiveda reportof multi-resistantKlebsiellaspp
with resistanceatesfor co-trimoxazole gentamicinandchloramphenicobf 96%,89%,and86%,
respectively(Seboxa et al., 20)5In Balews studyin Addis Ababafrom cancerpatientsnine
isolatestestedfor nine ses of antibiotics, 89% were resistantto amoxicillin-clavulanic acid,
ampicillin, andtrimethoprimsulphathiazolg¢Aregaet al.,2017). A similar study undertakenn
MekelleshowsanAMR patternfor grampositive bacteriandgramnegative bacteriaf, Oi 83.3%
and0i 100%,respectivelyOxacillin (62.5%),Ceftriaxong58.9%),TrimethoprimSulphathiazole
(70.1%),and Doxycycline (49.5%)all showedhigh levelsof resistancgWasihun et al., 2025
The overall, drug resistanceor grampositive bacteriavas 7 to 61%, and for gramnegative
bacteria6.9 to 82.6%. The gramnegative bacterigsolatesshowed66 to 82.6% resistanceo
ampicillin, ceftriaxone andtrimethoprimsulfamethoxazol@Hailu et al.,20163. In Kumaloetal.
study, MDR was observedn 80% of isolates.Of this, 87.5%and 71.4 % accountedor gram
positive bacterimndgramnegative bacterieespectively(Kumaloet al.,2016. Medicaltourism
is one of the causesof microbial transmissiorthat is resistantto drugs. The recentincreasen
medical tourism may have contributedto the discovery of meropenenresistantKlebsiella
pneumonia€K. pneumoniagin Addis Abababeforethe domesticusageof carbapenemi&Seboxa
et al., 201%



Understandinghe etiologic agents,the burdenof drug resistancethe type of drug resistance
organism and their antibiogramprofile of bloodstream infections an important concernfor

patients, physicians,healthcaremanagers,and policymakers(Barlow and Nathwani, 2005
Thereforeconstanevaluatiorof currentpracticebasedntrendsn MDR andantibioticresistance

patterngs essentiato reducethis burden.

1.3. Significanceof the Study

As explainedabovethe problem due to bloodstream infectiomeedsurgentintervention.The
severityof the caseis higherin developingcountriesincluding Ethiopia having poor infection
preventionpracticesin the health care service.So far, thereis no well-establishednational
bloodstream infectiosurveillanceandantibiogramprofile for bacterialtreatmentWhat is true in
the West might not hold elsewhere in the workhereis a paucity of objective dataon the
causativeagentsand their susceptibilityin thesehospital populations particularlyin our study
areaBesidesmostpatientsaretreatedempirically basedon their clinical symptoms.

Up-to-date etiological data for major pathogenscausingbloodstream infectiorand their drug
susceptibility patternmay play a positive role in better healthcaremanagemenas antibiotic
sensitivitypatterrs to commonpathoges have beenchangingdayto day. Over time, researchers
have noticed notable shifts in the microbiology, epidemiology, clinical, and prognostic importance
of positive blood cultured-or thesereasonssurveillanceof bloodstream infectiamfrom blood
culturesandtheir antibiotic resistancepatternds vital to treatment and preventioMany studies
have been conductedin Ethiopia on bacterialisolation and drug susceptibility patternsfrom
different clinical samplesin tertiary hospitat but to ther e s e a kroWwlexigedesv of these
studiesaddresghe molecularcharacterizatiof drug resistancéloodstreaninfection andtheir
responsiblegenesfound in Ethiopia. In addition, virulence genesplasmid multilocus, plasmid
genes, point mutations, disinfectants resistant cluated disinfectants resistant genes were
identified to understand the virulence factor, the transmission dynamics, how it lse&btRe
and how we control this drug resistance strains were studied.

Therefore assessinghe prevalentgramnegativebacteria testingtheir antibiotic susceptibility
andunderstandingesponsiblgenedor drugresistancéelps cliniciansprovidesafeandeffective
empiricaltherapiesdeveloprationalprescriptionprogramgo help policymakersiecisionson the
national drug list, and finally understandhovel drug resistancegenes that will help for drug



formulation. Hence the purposeof this thesispaperis to show the overall burdenand drug
resistanceatternof bloodstream infectioiwausingoacteriafocusingon gramnegativeisolatesn
ahealthcaresetting.Theepidemiologymicrobiologyof etiologicalagentsanddrugsusceptibility
patternswere analyzedand antibiogramprofiles were prepared.Characterizatiorfor ESBL,
Carbapenennesistant Enterobacteriacea@mpC b-lactamase,and MBL was conducted.In
additionto this whole genomesequening wasdonefor AMR isolatesto identify chromosomal
andplasmd drugresistancgenespointof mutation virulentgenesand their disinfectant resistant
and selectiorof gramnegativebacteria Finally, risk factorsandinterventionmechanisra were
discusedto minimizediseaséurden.

1.4. General Objective
1.4.1. General Objective

U To determinethe prevalenceand Molecular Characterizatiorof Multi-Drug Resistant
Bloodstreaminfections of gramnegativeClinical IsolatesamongPatientsAdmitted at
Tikur AnbessépecializedHospital Addis Ababa Ethiopia

1.4.2. SpecificObjectives

U To assesghe prevalenceof bloodstream infectignepidemiologyof microbial profiles
antimicrobial susceptibility tesAST) of eachbacteriaisolate andtheirassociateéactors,
in bloodstream infectian

U To determinethe phenotypingcharacteristic®f multi-drug resistan{MDR), Extensively
drugresistant (XDR), and Pandrug resistant(PDR) gramnegative bacterisamong
bloodstream infection

U To determinephenotypingcharacteristicof ESBL, AmpC, MBL, and Carbapenemase
producinggramnegative bacteria

U Toinvestigatehemolecularcharacterizatioof ESBLs,AmpC-BLs, Carbapenemasand
MBLs producinggramnegative bacterian bloodstream infectian

U To identify AMR and virulent genes &SBLs, AmpCBLSs, Carbapenemase, and MBLs
isolates by using wholgenome sequencing.

U Toidentify AMR point mutation, plasniigene and disinfectant resistance genes.

U Toidentify AMR andvirulentgenesof PDRisolatesby usingwhole-genomesequening.



2. CHAPTER TWO: LITERATURE REVIEW
2.1. Epidemiology of Bloodstream Infection

2.1.1. World Epidemiology of Bloodstream Infection

Bloodstream infectiordue to bacteriais an importantcauseof morbidity and mortality in the
world. It is alife-threateningconditionthatmaybe complicatedoy septicshockanddeath(Bauer
et al.,2022 Moyo et al.,2010. Accordingto a populatiorbasedstudyconductedy the Centers
for DiseaseControl and Prevention(CDC), Globally, bloodstreaminfection affects about 30

million peopleleadingto 5.3 million deathsannually(Fleischmanret al., 2016. A systematic
review of an estimatechumberof episodesnddeathsof bloodstream infectiofrom population

basedstudiesin North Americaestimatedo be 575,000i 677,000episodesand79,000i 94,000
deathgperyearwhereasn Europeit is estimatedver1,200,000pisodesand157,000deathgper
year(Got o and AIl) Hasan, 2013

Theincidenceof bloodstream infectiohasincreasedavertime andreportedbloodstream infection
ratesrangefrom 122to 220cases/100,0000pulation(Kontulaet al.,2021). Usingestimategrom
onepopulationbasedstudyin eachof thefollowing countriesin North AmericaUSA (536,000
628,000episods and 72,0007 85,000deaths) Canada40,0001 49,000episods and 7,00071
9,000deaths)in EuropeDenmark(9100episodesand1900deaths) Finland (8700episodesand
1100 deaths)and England(96,000episodesand 12,0007 19,000deathsGot o and Al
2013. A study conductedn Finland during 2004 2018 showsa total of 173,715bloodstream
infectionsrecordedandthe annualincidenceincreasedrom 150to 309 cases/100,000opulation
(Kontula et al., 2027). A study donein Bangladeshby Ahmed et al. showsfrom an overall
prevalence obloodstream infectignl3.6%o0f thebloodculturesamplesverepositivg andgram

negative bacteriér2.1%)werepredominanthroughouthe studyperiod(Ahmed et al., 2017

From aretrospectivecohortstudywhich was conductedn US healthcardacilities, the average
sepsignortality ratefor 30 dayswas24.4%,andthatfor 90 dayswas32.2%.The Averageseptic
shockmortality for 30 days was 34.7%,and for 90 days was 38.5% (Baueret al., 2020. The
mortality rate in Finland from 2004 2018 rose from 20 to 39 deathsper 100,000population

(Kontulaet al.,202]). A studyin Americashowedmortality ratevariedamongregions,with 30-
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day septicshockmortality being33.7%(95% CI 31.5 35.9)in North America,32.5%(95% CI

31.7 33.3)in Europeand26.4%(95%Cl 18.1 34.6)in Australia. The averagemortality rate has
increasedby 1.8 3.3% from 2011to 2019 (Baueret al., 2020. A similar study conductedin

OntarioCanadashowsa mortality rateof 17.0%for positivecultureepisodeswhile the mortality

rate associatedvith a negativeculture episodewas 9.5% (Verway et al., 2022. Anotherstudy
undertakenin South Asia, Bangladeshshowsthe bloodstream infectiormortality rate varies
betweerd.0and41.5%(Ahmed et al., 201)7Patientsnfectedoy ARMs aremorelikely to develop
complicationsand up to 3 timesthe probability of losing their lves (Cecchiniet al., 2015.

Internationally thereis agrowingconcerroverantimicrobialresistancé AMR) whichis currently
estimatedo accountfor morethan700,000deathsperyearworldwide (Tadesseet al.,2017). A

recentreportestimatedhat 10 million deathswill be attributedto an AMR by 2050 (Founouet

al., 2017.

2.1.2. World Economylmpact

A study donein G7 andOECD countriesshowsanAMR is hastilybecomingatop healthproblem
thatcause challengsto therunningof healthcarsystemsandtheirbudgetCecchiniet al.,2015.
Hospitalsspendon averagean additionalUSD 10,000to 40,000to treata patientinfectedby an
AMR (Cecchiniet al.,2015. If no effectivestrategyis putin placesoon,it hasbeenestimated
that the healthand economicburdenproducedby ARMs will be muchlarger (Cecchiniet al.,
2015. Research conducted across the whole globe indicates thabtlteeconont output will
deteriorate bylOOtrillion USD if substantivesfforts arenot madeto containthis threat(Founou
et al.,2017. Theassociatetmpactof losteconomicutputsdueto increasednortality, prolonged

sicknessandreducedaborefficiencyis likely to doublethis figure (Cecchiniet al.,2015.
2.1.3. BloodstreamInfection in Africa

Thestudywasconductedn Ghanarom 2009to 2017, theincidenceof bloodstream infectiowas
recordedn thewet seasonsf May andOctoberat 8.9 per10,000and10.1per10,000population
respectively.But amongbloodstream infectiosuspectegatients13.1% were culturepositive
(Deku et al., 201P In Ghanaploodstreamnfectionratesaspublishedin hospitalandlaboratory
surveillancereportsare estimatedat 9.3%to 11.2%(ObengNkrumahet al., 2016 Opintan and

Newman, 201). In EasternAfrican countries,the proportion of patientswith bloodstream
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infectiors is reportedto rangefrom 11%to 28%. In Sub-Sahararcountries,including Ethiopia,
bloodstream infectionn children, has a mortality rate approachings3% (Aiken et al., 2011
Dagnew et al., 20)3 A metaanalysisof different proportiors of patientswith bloodstream
infectionin EasternAfrican countriess reportedo rangefrom 11%to 28% (Reddyet al.,2010.

2.1.4. BloodstreamInfection in Ethiopia

A metaanalysisof 26 studieswith 8,958 blood specimensand 2,382 culture positive bacterial
isolatesin Ethiopiashowsthe prevalencef bloodstream infectiomvas25.78%(Alemnewet al.,
2020. In astudy conductedn Ethiopiaof bacteremissuspectegatients 71 (18.2%)of themwere
confirmedwith culture (Dagnew et al., 20)3ndanothersimilar studyin Ethiopiashowsfrom
bloodstream infectionverallmortality rateof 15.1%wasin adultsandthis figure reache83%in
pediatrics Patientswith positiveblood cultures have a nearlyfivefold death probabilityvhichis
a higherdeathrate thanthosewithout bacteremig50.0%as comparedo 9.8%) (Seboxa et al.,
2015. Asindicatedabove by Dagnewetal. study,out of 18.2%prevalencebacterialisolatesof
grampositive and gramnegative bacteria were 49(69%) and 22(31%) respectively with
predominantisolates of Coagulasenegative staphylococciCONS 30(42.3%) followed by
staphylococcus aurey$. aureus17(23.9%)andklebsiella spp.9 (12.7%).Similarly to Seboxa
et al.finding, in theDagnewet al.studytherewasthe highestproportionof bloodstream infection
was found in neonateswhich accountsfor 35.3% (Dagnew et al., 20)3In a comparisonof
hospitalizedandoutpatientbloodstream infectiobacterialisolates,a high prevalencevasfound
in inpatiens 69 (97%) and 2 (3%) from outpatiens (Dagnew et al., 2093 This resultshows
nosocomialinfection is a major causeof bloodstream infectianStudiesconductedn Ethiopia
from septicemiasuspectedcasesof the prevalenceof bloodstream infectioshowed18.2%in
Gonder(Dagnew et al., 20)328%in Mekelle (Wasihun et al., 201)539.2%in Bahirdar(Hailu
et al.,20163, 15.8% in Jimma(Kumaloet al.,2016), 28.2%,27.9% and13.%in Addis Ababa
(Beshah et al., 2022Negussie et al., 201%eboxa et al., 20)5Patientswith positive blood
cultureshadafivefold higherdeathratethanthosewithout bacteremia.e., 50.0%ascomparedo

9.8%whichis the caseof thosewithout bacteremigSeboxa et al., 2015
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2.2. Factor Associatedwith Bloodstream Infection

Nosocomialnfectionsareamajorsourceof bloodstreaninfections (Ribaset al.,2007). According
to the WHO report the overallprevalencef NI in developedtountriesvariesbetweerb.1%and
11.6% andin developingcountriesit is from 5% to 19%, markedlyhigherthanthe developed
countriesoutmoststudiesreportthese figureso behigherthan10%.Amonghospitatbornbabies
in developingcountries NI is the causef 4% to 56% of all causef deathin the neonatabge
with 75%  occurringin SouthEastAsiaandSubSahararAfrica (WHO, 201Q. Fromthetotal NI,
bloodstream infectionsreestimatedo befrom 7%to 16%, andthemortality ratewhich isdirectly
attributableto bloodstreaninfectionin critically ill patientshasbeenestimatedo be16i 40% and
theincreasen lengthof stayto bebetween’.5 25 days(WHO, 2010Q. Positiveblood culturehas
increasedherisk of 5-yearmortality (44.7%vs 19.6%,adjustechazardratio 2.10,95%Cl 1.18
3.71)(Tauriaineret al.,2017).

A study doneatthe University of GenevaHospitalsanalyzedorospectiveonsitesurveillancedata
from suspected 13 episodesf primary nosocomialbloodstream infectiomn MICU, 33 (29%)
weremicrobiologicallydocumenteqHugonnet et al., 2004The BSI leadingsitesfrom 554 CU-
acquiredinfectionshave LRI pneumonia28.7%),bloodstream infectio§20.4%),skin and soft
tissue(15.3%),CVC (13.5%),andUTI (11.2%).It showsnineepisode®f secondarploodstream
infection six secondaryinfectionsfrom UTI, two from an LRI, andonefrom the skin and soft
tissueinfection(Emori and Gaynes, 1993 similar studyconductedn Italy showsthe sourceof
bloodstream infectionsvhich accounts for21.1% was attributedto the LRI, and 21.4% of
bloodstream infectionwere catheteirelated.Among 23.7%of total patients,no clear sourceof
infection wasidentified (Russottoet al.,2015. The Frenchnationalnetwork study showedthat
the main cause®f ICU-acquiredbacteremiavere CVC (29.2%),LRI (18.0%) andGll (13.6%).
Thesourcs of ICU-acquiredbacteremiaemainedunknownin 24.9%of casesThesamenetwork
studyresultshows,the main causesf cathetesrelatedbloodstream infections/ere coagulase
negativestaphylococc{28%), S. aureug23%), P. aeruginosa12%), E. coli (8%), andmultiple
causeq11.5%) (Timsit et al., 2014. It is more difficult for empiric treatment, especiallyfor
patientsadmitted to pediatric and adult ICUs with a major incidenceof multidrugresistant
microorganismgTimsit et al.,2014). A cohortstudyin the UK revealedrom atotal of 559home
parenterahutrition (HPN) patients,134 cathetefrelatedbloodstreaminfections (CR-BSI) were
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recordedn 92(16.45%patienty62 patientswith asingleCR-BSI and30 patientswith morethan
1 CR-BSI). CoNSwere the mostcommonisolates41/134(30.5%),followed by polymicrobial
infections 14/134(10.4%), Klebsiella spp 16/134(11.9%) and methicillin-sensitiveS. aureus
(MSSA)5/134(3.7%)(Bondet al.,2017).

2.3. Microbial Profile of Bloodstream Infection

Accordingto researctdonein TehranandAustraliagrampositive bacteriagS. aureus,CoNS and

Enterococcusspecies. gramnegative bacteriaPseudomonasaeruginosa (P. aeruginoss

KlebsiellapenumoniagE. coli, Enterobacterspp, andAcinetobactesspp arethe mostprevalent
bacterialpathogengound in bloodstream infectiongGhadiriet al., 2012 Prowleet al., 2011).

Similar studies conductedin Ethiopia show the major bloodstream infectioicausing gram

negative bacteriaare E. coli, P. aeruginosa Klebsiella species, Neisseria meningitids,

Haemophilis influenzae and grampositive bacteriaare CoNS S aureus, S. pneumonige
Streptococcupyogenes Streptococcusgalactiae,and Enterococcudaecium(Dagnew et al.,
2013 Hugonnet et al., 200&eboxa et al., 20)5

2.4. MDR-Causing Bacteria in Bloodstream Infection

Recently,it hasbeenobservedhatthe MDR problemhasshiftedfrom grampositive bacterido
granmnegative bacteriavhich in turn worsensthe problemby the dearthof new antimicrobial
drugshavingan effectagainstthem (Brusselaers et al., 20LTThe ESBL enzymecanhydrolyze
penicillin, monobactamandthird-generatiorcephalosporinsAmpC betalactamaséAmpC-BL)
can also break down penicillins, third-generation cephalosporins,and cephamycin, while
carbapenemasand metallo betalactamasgMBL) can breakdown carbapenemsrugs (CDC,
2013a CLSI, 2018 Jacoby, 2009Shaikh et al., 2095 Commonexamplesof MDR of clinical
concern include ESBL-producing gramnegative bacteria  carbapenennesistant
Enterobacteriacegeand multidrugresistantAcinetobacterspp (CDC, 2013b Rossoliniet al.,
2014 SNH, 2015. In gramnegative bacterjdheresistancés mainly dueto therapidincreaseof
ESBLs and carbapenenin K. pneumoniagE. coli, P. mirabilis Acinetobactehaumannij P.
aeruginosa(Timsitet al.,2014) Enterobactespp andCitrobacterspp infections(Brusselaers et
al., 201). Consideringgramnegative bacteria, EnterobacteriaceaeAcinetobacterspp. and

pseudomonaspp.are Multidrug-resistantdue to the rapid increaseof extendeespectrumBeta
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lactamase$ESBLS),carbapenemas@&mpC b-lactamaseandMetallo betalactamase$MBLS).
Somestrainsof A. baumannihavebeendetectedasdrugresistantto all antibiotics(Caoet al.,
2014 Gamalet al.,2016 Kaoet al.,2015 Timsit et al.,2014).

Amonggrampositiveorganismsmethicillin-resistanSaphylococcusaureus(MRSA), S. aureus
with resistanceto vancomycin(VISA/VRSA), vancomycinresistantEnterococci(VRE), and

multidrugresistans. pneumoniaarethemajor(CDC, 2013bRossoliniet al.,2014 SNH, 2015.

Dueto resistanceo severabther(betalactam)antimicrobialstreatmenbf MRSA oftenrelieson

vancomycinHowever,the transmissiorof the VancomycinresistantenterococcugVRE) vanA
genefrom enterococcito staphylococcihasincreasedin high-level vancomycinresistances.

aureuswhich leads to the development of PDR bactdfiaterococcirepresenthe third-most
prevalentnosocomiapathogensvorldwide. Inherentlyanddueto geneticexchangeEnterococci
areresistanto mostantibiotics(Brusselaers et al., 201Gharsa et al., 201 Miller et al., 2014

Russotto et al., 2019imsit et al., 2013 Multidrug-resistanEnterobacteriaceaeanaccumulate
manyantibioticresistancgeneshroughplasmidmediatechorizontaltransferof geneticelements
(Hudsonret al.,2014 Kocsis and Szab6, 201Bumarasamyet al.,2010.

The study conductedn Ethiopiashowsthat Gramnegativebacteriaexhibiteda greaterlevel of
AMR rangingbetween20% 100% (Dagnew et al., 20933 The mostimportantchangein the
epidemiologyof ICU-relatedbloodstream infectiomn recentyearsis the emergencef highly
resistant organisms, particularly XDR Gramnegative bacteria including P. aeruginosa,
Acinetobactebaumannij andK. pneumoniaéTimsit et al.,2014. ESBLsareplasmidmediated,
andtheir potentialfor transfermakeseffectivecontrolandtreatmendifficult, which hasresulted
in endemicand epidemicoutbreaksBrusselaers et al., 20l Besides this, the numberof new
antibioticsdevelopedandapprovedor usehasdrasticallydecreasedver the pastthreedecades
(Ventola, 2015 In developingcountriestheissueis evenmoreserious.This arose fromhe vast
diseasdoad,largepopulationdensity thefastspreading of thdiseasalueto overcrowding poor
hygieneculture andinappropriataiseof the availabletreatmentspn top ofthe economiceffects

which in turn has the sharecdontributeto thisdrug resistance bacteria developm@&usa, 2010
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2.5. MDR Burden Due to Extra Cost for Patients

In the United Statesat least2 million peoplebecomenfectedwith bacteriathatareresistanto
antibioticsand at least23,000peopledie eachyear as a direct result of theseinfectionsat an
estimatedcostof $20 billion andadditionalproductivity lossesof $35 billion (CDC, 2013& In
Europe anestimated®5,000deathsareattributableto antibioticresistaninfections,costingi 1.5
billion annuallyin directandindirectcosts(EMA-ECDC, 2009. Little is knownaboutthe excess
mortality causedby multidrugresistant(MDR) bacterialinfectiors in low and middleincome
countries(LMICs). Lim etal. estimatedl9,1220f 45,209(43%) deathsn patientswith hospitat
acquirednfectiondueto MDR bacterian Thailandin 2010(Lim et al.,2016. So,percapita,this
estimaton wasabout3 to 5 timeslargerthanthosefor the United Statesandthe EuropeariJnion
(Lim et al., 2016. Although thereare no reliable estimatesof economiclossesin developing
countries it is estimatedthat 58,000 neonatalsepsisdeathsare attributableto drugresistant
infectionsin India alone(Laxminarayaret al.,2013. TheglobaldatashowsthatMRSA-reported
deathsn Americawere around90%,in Africa 80%,in the MediterranearRegion>50%, in the
Europeamregionaround60%,in SouthEastAsiaRegion>25%,andin somepartsof WestPacific
Region it is asmanyas80% On average, people with MRSA are estimated to be 64% more likely
to die than people with a naesistant form of the infectioGVHO, 201§. Consequentlythis
showsthattreatmentwvith standardantibioticsis not effectivg WHO, 2014.

2.6. MDR, XDR, and, PDR Prevalence

In 2050, multidrugresistantbacteriaare expectedio be the causeof 10 million annualdeaths
(Dadgostar, 2019 Researcttonductedn an Ethiopiancontextshowedthatthereis a significant
associatiorbetweendeathand AMR in bloodstream infectiofSeboxa et al., 20}5Both gram
positive bacteriandgramnegative bacteriareaffectedby theemergencandriseof AMR (CDC,
2013a Magiorakoset al., 2012 WHO, 201§. However gramnegative bacterikhave a higher
mortality ratethangrampositive bacteriaDespitethe anti-microbial treatmentmortality dueto
septicshockcanbe ashigh as60% (Moyo et al.,2010. The reportattributed45% of deathsin
both Africa and Southeast Asia to multi-drug resistant(MDR) bacteria(Founouet al., 2017).
Similar researcleonductedn Kenyawith an analysisof 624isolatesrevealedhat theAMR rates

arehigherthanmostrecentlocal andinternationalreports.88% of theisolatestestedwere multi-
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drugresistan{MDR) wherea26% wereextensivelydrugresistan{XDR) (Wangaiet al.,2019.
A studyon MDRs by Hasseret al. hasreportedthat52.6%o0f theisolateswere MDR Likewise,
as perastudyconductedn Italy showsanMDR bacteriaweredetectedn 50.7%of patientswith
bloodstream infectiofRussottcet al.,2015. In astudy undertakenn the USA on Acinetobacter
baumannij over 80% of the isolatesexhibited an MDR. It increasedthe risk of receiving
inappropriate empiric therapy fivefold in turn, increasedthe risk of in-hospital mortality
(Zilberberget al.,2016. A studyon gramnegative bacteria Ethiopiarevealed94.5%MDR of
which 8.8%and0.8%wereextensivelyandpandrugresistantrespectivelyBeyeneet al.,2019.
Similarly, astudy conductedn Ethiopiashowsthatmultidrugresistancerganisns werefoundin
89.1%(n=49/55)of all bacterialisolates Accordingly, Grampositiveandgramnegativeisolates
showedr1.42%and95.11%MDR respectivelyln this study Amoxicillin (89.1%)andcefotaxime
(85.5%)showedhehighestevelof resistancéHailu et al.,2016h. In moststudiesof bloodstream
infection the prevalenceof Grampositive is higher than Gram-negativebut in terms of drug

susceptibilityGramnegativeorganismsavehighermulti-drugresistance.

2.7. ESBL, AmpC, MBL, and CarbapenemasePrevalence

Productionof ESBL and carbapenemasarethe causesf drug resistanceparticularlyin gram
negative bacterjaandthis is a seriouschallengeto the effectivenes®f contemporarnantibiotic
treatmentCDC, 2013aShaikh et al., 200)50ver 19% of nosocomiainfectionsare causedoy
extendeespectrunbetalactamas€ESBL) enzymeproducingbacteriaTheyarealsoexpectedo
havea 57% highermortality rateamongbloodstreamnfectionsthana strainthatdoesn'fproduce
ESBL (CDC, 2013 A studyconductedn Ethiopiareporteda prevalenceof ESBL andAmpC-
BL in gramnegative bacterizwasreportedto be 38.8%and2.4% (Tekeleet al.,2020, 67% and
2% (Beyeneet al., 2019, 51% and 25% (Gashaw et al., 2018&ashaw et al., 2018bandin
Enterobacteriaceagvas 78.6%and 12.1%(Legese et al., 20),7respectively Anotherresearch
conductedn gramnegative bacterian anEthiopiancontexthasrevealed®4.5%MDR, of which
8.8%and0.8%wereextensivelydrugresistahandpandrugresistantrespectivelyBeyeneet al.,
2019.

In Developingcountries likewise,rapidincreases theratesof infectionsdueto carbapenemase

producingK. pneumoniametallobetalactamaseroducingA. baumannii(MBL-AB), metallo
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betalactamasegroducing P. aeruginosa (MBL-PA), and Extendedspectrum betalactamase
(ESBL) producingEnterobacterspp havebeenreportedacrosshe world (Founouet al.,2017).
For Gramnegativeisolates,20% were ESBL producers16% were AmpC produces, and 48%
were carbapenemaseroducers(Hassanet al., 2017. A study conductedin Italy shows
carbapenemesistancavas detectedn 69% of Acinetobacterspp, 38% of K. pneumoniagand
37% of Pseudomonaspecies having exposure tqrior hospitalizationand antibiotic exposure
(Russottoet al., 2015. In Ethiopia, the reportedprevalenceof ESBL and AmpC-BL in gram
negative bacteriavas 38.8% and 2.4%, respectively(Tekeleet al., 2020. Another study also
showedheoverallprevalencef ESBL andCarbapenemageom Enterobacteriaceaeas78.6%
and12.1%,respectivelyLegese et al., 20) While additionalstudiefrom gramnegative bacteria
werereportedat67%and2% respectivel\by (Beyeneet al.,2019, and51%and25%,respectively
by (Gashawet al.,20183. However mostof thesestudiesdid notaddresshe magnitudeof ESBL,
carbapenenproducing gramnegative bacteriand associatedactors from all age groups of

bloodstream infectiom tertiary hospitalsthis studyaimsto fill thisidentifiedgap.

2.8. ESBL, AmpC, MBL, and Carbapenemasesenes Prevalence

Enterobacterspp areintrinsically resistanto amingenicillins, cefazolin,and cefoxitin, dueto
theproductionof congitutivechromosomafmpC-BLs (Russotteet al.,2015. A growingnumber
of K. pneumoniagE. coli, and Enterobacterspp have evolvedresistanceo third-generation
cephalosporinsverthe pastfew yearsdueto ESBL. Resistancéo ampicillin, amoxicillin, andthe
first generatiorof cephalosporins causedy theESBLgenesTEM-1, TEM-2,andSHV-1, which
areoftenexpressedn Gramnegativebacteria(Russottoet al.,2015. In Enterobacteriacea#)e
blaCTX-M-15 ESBL encodedgenesare the meandor acquiredresistanceo third-generation
cephalosporingkKumarasamyet al.,2010. Someb-lactamaseareactiveon a broadspectrumof
b-lactams including the lastresort carbapenemsThe gene for the broadspectrum and
carbapenenractive Metallo-betalactamaseNDM-1 (carbapenenresistancegene blanpm-1) is
rapidly spreading(Hudsonet al., 2014. NDM-1 was mostly found amongE. coli and K.
pneumonia, which were highly resistantto all antibioticsexcepttigecyclineand colistin. The
potentialof NDM-1 is goingto beaworldwide public healthproblem(Kumarasamyet al.,2010.
The mostimportantbetalactamasesre the cephalosporinasefor instance extendeespectrum
betalactamaseqESBLs) and the most importantcarbapenemaseare KPC, Metallo-beta
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lactamasegMBLSs), and oxacillinaseOXA-48 enzymes.Other resistancemechanismsagainst
betalactamsarethe outermembrangermeabilitychangeand efflux pumps(Kocsis and Szabg,
2013.

Different nomenclatures have been proposed and debatbddctamases and Carbapenemases
(Jacoby and Bush, 2014The definition of Giskeet al divides ESBL enzymes into three main

groups namely BH3L A, ESBLy, and ESBlcarsa. This is a functional classification depending on

the biochemical f unct i-tactamasae idhibgors.sHS g ipdudebihd i t y t
most frequently identified CT enzymes as well as SHV and TEM enzymes that are
horizontally transferrable and degraded by clavulanic acid. RS&®t miscellaneous ESBL

among those ESBL AmpC represents the most common type. E&Rka are enzymes
conferring car bapenema slactanaases anliebsiglla pnsumaniae as M
carbapenemase (KP(QJ}iskeet al.,2008.

The Ambler categorization was the most adopted category in the classification of drug resistance
mechanisms. This classification system, based on amino acid homology, is the most widely used
approach to categorize bdtatamases as the source of bactergistance to betiactam
antibiotics(Ambler, 1980. He classified betictamases into four classes in 1980 based on the
similarity of these sequences. Classes A, C, and D operate by the serine ester hydrolysis
mechanism, but class B Metallactamases require a bivalent metal ion, usuall§*,Zior its

activity (Hall and Barlow, 2005Nordmann and Poirel, 2019

The Class A ESBLs are capable of hydrolyzing penicillin, monobactams, andgtritation
cephalosporingBiutifasari, 2018 MunozPriceet al.,2019. The class A major ESBL encoding
genesblaSHV, blaCTX-M, andblaTEM (Trung et al., 2015 and the class Aninor EBLA,
blaPER,blaGES,blaBEL, andblaVEB (Bogaertst al.,2013 were included in this studifable

1). Class CA mp Glactamases hydrolyze penicillin, monobactams, broad and extspdettum
cephal osporins, and cephamycin but sensitive
lactamase inhibitors such akavulanic acid(Aryal et al., 2020 Jacoby, 2009Nordmann and

Poirel, 2019. The AmpC genes for AmpBL families blaMOXM, blaCITM, blaDHAM,

blaACCM, blaEBCM, andblaFOXM are the focus areas in this resedRérezPérez and Hanson,

2002 (Table 1).Class B carbapenems are metalloproteins and are capable of hydrolyzing all
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antibiotics except monobactarftdall and Barlow, 2006Nordmann and Poirel, 201.9Metallo
betalactamase genes were grouped into major grdalpsiDM, blaVIM, and blaIMP (Bogaerts
et al.,2013; and minor group$laGIM-1, blaSIM-1, blaAIM -1, blaSPM-1 (Poirelet al.,2011)
(Table 1).Class D Carbapenemases are oxacillinase derivai¢a-£3-group, OXA24-group,
OXA-48b, OXA58-group. Like some Class AKPC, GES, andMI) carbapenemase, their
hydrolytic activity against carbapenems and soffigéheratiorcephalosporins are not inhibited

by clavulanic acid and tazobactgdiMordmann and Poirel, 201Blosteret al.,2021) (Table 1).

Table 1. ESBL andcarbapenem drug resistance genes detected in bacterial isolates from

bloodstream infection patienfisutgring and Limbago, 201 &chmittet al.,2007)

Category Drug resistance | Drug sensitive| Drug Indicator drugs | Genes
category category resistance
ESBLs Cephalosporins | Cephamycins | Cefotaxime | Clavulanate blaCTX-M,
and Ceftriaxone | Sulbactamand | blaSHV,
Carbapenems| Ceftazidime | Tazobactam blaTEM,
Cefepime blaPER,
blaGES,
blaBEL, and
blavEB
AmpC BLs Cephamycin Carbapenems| Cefotaxime | Cefoxitin blaMOXM,
and Ceftriaxone | Cefotetan blaCITM,
Cephalosporins Ceftazidime | Benzo blaDHAM,
Cefepime thiophene2- blaACCM,
Cefoxitin boronicacid blaEBCM,
Cefotetan blaFOXM
Carbapenem | Carbapenems | Colistin Imipenem Clavulanic acid,| blakPC,
resistance Ertapenem, | boronic acid; blaSMe,
gramnegative Meropenem | EDTA, blaOXA,
bacteria Doripenem | Dipicolinic acid | OXA-23-group,
(CR gram- OXA-24-group,
negative OXA-48b,
bacteria) OXA-58-group
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Metallo-beta
lactamase
(MBL)

Carbapenems

Colistin

Imipenem
Ertapenem,
Meropenem

Doripenem

Sodium
mercaptoacetic
acid

BlaVvIM,

blaIMP,

blaNDM-1
blaGIM-1,
blaSIM-1,
blaAIM -1,
blaSPM-1
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3. CHAPTER THREE: MATERIALS AND METHODS
3.1. StudyArea

This study was conducted at TASld¢ated aLideta subcity (Figure 1) TASH was established

in 1973 to serve the needs of the whole country as a specialized referral hospital and as a medical
university. It is the largest specialized hospital in Ethiopia, with oveb&a6 ofpatientsadmitted

at a time. It also acts as a teachhmgpitalfor medical students pursuing undergraduate and
graduate degrees, dentists, nurses, midwives, pharmacists, medical laboratory technologists,
radiology technologists, and other health professionals who assume responsibility for the
community's and the nam's health issue3he laboratory isan advanced laboratory with four
sample collection arepa sample processing unit, hematology, immunohematology, blood bank,
chemistry, serology, immunochemistry, urinalysis, parasitology, microbiplagy molecular

biology sections.
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Figure 1: Map the study area of Tikur Anbessa specialized hospital in Addis Abeba, Ethiopia,
located at 9.0203°N latitude and 38.74905° E longitude.

The Hospital has 201 physicians, 627 nurses, and over 115 other health professionals working at
the hospital who are committed to giving healthcare service. Patient care services are provided by
the School of Medicine's faculty, residents, and variousrttepats under their specialty training

within the hospital. In order to support hospital operations, the hospital employs over 1,300

contract and permanent administrative staff members. Furthermore, the majority of Addis Ababa's
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regional and federal hospitals are connected to the School of Medicateaasng and clinical
service centefAAU, 2021). Patients are referred to the hospital from all over the nation because
it is a specialized referral facility with a wide range of specialtubsch helped theesearcheto

get different types of drugesistahorganisms.
3.2. Study Designand Period

An Institutionatbasedcrosssectionalstudy was conductedfor about seven monthgetween
SeptembeR018andMarch2019G.C.

3.3. SourcePopulation
U Patientswho soughtmedicalservices at TASH duringthe studyperiodwereincluded
3.4. Study Population

U All patientsfrom all agegroupssuspecteaf bloodstreaninfection andwho visited the
studysiteduringthestudyperiodwereincluded Theconditionsof sepsigdefinitionswere
establishedy the 1991 ConsensusConferencewhich wasupdatedn 2001 (Boneet al.,
1992 Levy et al.,2003.

3.5. Inclusion and Exclusion Criteria

3.5.1. Inclusion Criteria

U Patientssuspectedf septicemiaby physiciansluringthe studyperiod.
U Patiens who arewilling to give blood sample and volunteerto sign a Consent

paperparticipatel in the study.
3.5.2. Exclusion Criteria

U Individuals who took antibiotics within ten days of taking the samplewere
excluded
U Individuals whowere not willingto participatein the studywereexcluded
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3.6. SampleSize

The samplesize calculationis basedon a single samplesize estimationwith slight modification
(Daniel and Cross, 199Blaing et al.,2006. A prevalenceof 32.8%wastakenfrom the study
which wasconductedn Addis AbabaEthiopia(Kitila et al.,2018.

n = Z2p(1-p)/. n = (1.9670.328(10.328)/(0.025)= 1354.80with 10% contingency= 1490.But

4 of themwereexcluded and 486 patients were involved in this study.

Wheren = sample sizeZ = Z-score at 95% confidence interval; which is 1.B6= expected
prevalence or proportion (in proportion to one; if 32.8%+ 0.328), andd = precision (in

proportion to one;s5%, but for this research cage= 0.025).
3.7. Sampling Method and Procedure

Congcutive conveniensamplingtechniquesvereusedandatotal of 1486 studyparticipantfrom

all agegroups wererecruited

3.8. Study Variable
3.8.1. The Dependent Variables

Prevalencef bacterialisolatesin septcemiasuspectegatient
Antibiotic Susceptibilitypatternof the bacterialisolated.

Enzymeproducingdrugresistancenechanismsand

c: c: c: c:

Genegesponsibldor Enzymeproducingdrugresistancenechanisms
3.8.2. IndependentVariabl e
U Assumedisk factorsfor all agegroups.

U DemographicharacteristicsAge,S e x é
U Admissionward andadmissiondepartmentlengthof admissionandICU
admission

U Antibiotic treatmentendaysbeforesample collection
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3.9.

U Insertioninstrumentatiorusageduringmedicalcare mechanicalentilator,
centralvenouscatheter,urinary catheter,suctionmachine tracheostomy,
intravenoudines,drainagetube,shunt,NG tube

U Clinical symptons: bodytemperature(fever,chills, shivers,vomiting, and
fastheartbeat),

U Clinical diagnosis
U Assumedisk factorsfor theage group ofiaboveneonaal ages

U Chronic illness, (RVI patiens, diabetic patients, hypertension,surgical
woundinfections,woundinfectionson the skin, gastrointestinainfection,
ureteraltract infection, respiratorytract infection, heartdiseasegcoronary
artery diseasesstroke, gangrene,tuberculosis,cirrhosis, renal failure,

hematologianalignancyandtissuesarcomas)

U Assumedisk factorsfor neonates:
o The aucationallevel of the family, Placeof delivery, history of incubation,
Mode of delivery, Gestationalage, prematurerupture of membrane Body
weightduringdelivery,andHistory of maternainfectionduringpregnancy

Data Collection

Datacollectionwasconductedisingstandardizegretestedjuestionnaire§Appendix 16) which

later was appendéda theinformationof the responderftom medicalrecords.Thedemographic

data, clinical data, and blood sampleswere collected by qualified professionalnursesand

laboratorytechnologistsvith experiencen collectingresearctdataandblood samplesAll data

and samplecollectorswere trained by the principal investigatoron the detailedinstructionsof

using preparedstandardizedquestionnairesblood samplecollection proceduresand sample

transportationto the laboratory (Appendix #8). Follow-up of microbial growth in the blood

culture bottle and further processlg was accomplished by the recruited professional

microbiologistsandthe principalinvestigatorin thelaboratory.
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3.10. SampleCollection

Sampleswerecollectedasepticallyfrom patientdor routinebloodcultures beforetakingantibiotic
treatmentin thehospital. Thevein puncturesitewasdisinfectedwith 70%alcoholand2%tincture
of iodine before collecting the sample. The sample wapproximately1l-4 ml of blood for
pediatricy(lessthan12 years)and5- 10 ml of bloodfor adults(greaterthan12 years)collected in
two bottles It is inoculatedinto a readymadeBacT/ALERT blood culture bottle according to
Dreyer(Dreyer, 2012 Two aerobicBacT/Alert FA Plusbottlesfor adultsandBacT/ALERT PF
Plusbottlesfor pediatricblood culture bottleswere usedfor eachpatientand similar growthin
both bottles was consideredpositive. Blood culture bottles were incubatedin an automatic
BacT/ALERT® 3D machineat 37°C of 5% CO, gasconcentratiorand wereinspecteddaily for
sigrs of bacterialgrowthfor upto 5 days(Flayhartet al.,2007 Leeet al.,2013.

3.11. Microbial Culture

Bacterial pathogenswere identified in the TASH microbiology departmentising standard
bacteriologicabrocedure¢CLSI, 2017. Two aerobicBacT/AlertFA Plusbottlesfor adultsand
BacT/ALERT PF Plusbottlesfor pediatricblood culture bottleswere usedfor eachpatientand
similar growthin both bottleswasconsideredaspositive.Blood culturebottles wereincubatedn

an automaticBacT/ALERT® 3D machineat 37°C of 5% CO, gas concentrationand were

inspectediaily for signs of bacterialgrowthfor upto 5 days.

UponBacT/ALERT® 3D bloodculture if microorganismsrepresenin thetestsample carbon
dioxidewill be producedasthe microorganismsnetabolizethe substratesn the culturemedium.
Whenthe growth of the microorganismgproducesCO,, the color of the sensos at the bottom of
eachculturebottle changedrom dark color to light color. A light-emitting diode (LED) projects
light ontothesensorThelight reflecteds measuredby aphotodetectorAs moreCOz is generated,
morelight is reflected.This informationis comparedo theinitial sensoreading(PeterGetzlaff
et al). If thereis a high initial CO, content,it means that there esn unusuallyhigh rate of CO,
production and/orasustainegbroductionof CO;, thereforethesamples consideredo bepositive
for microbial growth(Flayhartet al.,2007 Leeet al.,2013. Turbid bloodsamplesrom theblood
culture bottle were sub-cultured on blood agar (Oxoid, England) (5% sheepblood plates)
MacConkeyagar(BD, USA), and chocolateagar(Oxoid, England)at 37°C for 24 hours.MC
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plateswere incubatedat 35°C in aerobic conditiors. Chocolateand blood agar plates were
incubatedat 35°Cin microaerophilicconditiors (containing5% CQO,) (Cheesbrough, 2006The
positiveculturefrom bloodsamplesvascharacterizetty agramstainandGramnegativebacteria
which werefurther classifiedat the speciedevel by usingconventionabiochemicaltests(Rods,
20149).

3.12. Antimicrobial Susceptibility Test

Antimicrobial susceptibility tests Antimicrobial susceptibility testsvere performedin the
TASH microbiology departmery usingdisk diffusion and susceptibilitypatternswhich were
determinedollowing CLSI guidelines.Using a sterilewire loop, 3-5 purecolonieswere picked
from purebloodagarcultureandemulsifiedin nutrientbroth. Standardnoculumsadjustedo 0.5
McFarland were swabbedonto Muller-Hinton agar (dispensedon a 150mm plate). The disk
diffusion methodwasperformedafter 16-18 hoursof incubationon Mueller-Hinton agarata 37°C
zone of inhibition and was measuredand interpretedas recommendedy the Clinical and
LaboratoryStandarddnstitute (CLSI, 2017. The antimicrobialsfor disc diffusion testingwas
obtainedfrom BD and Oxoid for gramnegative bacteriavith the following concentrationsfor

gramnegativebacteriaAmikacin (AN) (30 pg), Amoxicillin + clavulanicacid (AMC) (20/10pg),
Ampicillin 7 Sulbactam(SAM) (10/10pug), Ampicillin (AM) (10 pg), Azithromycin (ATM) (30
ug), Cefepime(FEP) (30 ug), Cefotaximé clavulanatg CTL) (30/20ug),Cefotaxime(CTX) (30
ug), Cefotetan(CTT) (30 ug), Cefoxitin (FOX) (30 ug), Ceftaroling(CPT) (30 ug), Ceftazidimé

clavulanate (CAL) (30/10 pg), Ceftazidime (CAZ) (30 ug), Ceftriaxone (CRO) (30 ug),

Cefuroxime (CXM) (30 pg), ChloramphenicolC) (30 pg), Ciprofloxacin (5 pg), Doripenem
(DOR) (10 pg), Doxycycline (DOX) (30 ug), Ertapenem(ETP) (10 ug), Gentamicin(GM) (10
ug), Imipenem (IMP) (10 ug), Levofloxacin (LEV) (5 pg), Meropenem(MEM) (10 ug),

Piperacillii Tazobactam(TZP) (100/10ug),Tetracycline(TET) (30 ug), Tobramycin(NN) (10
Hg), andTrimethoprimSulfamethoxazoléSXT) 1(.25/23.75ugjCLSI, 2015 2017).

Double Disk Synergy Test (DDST): The antibiotic disks that areusedfor this researclare
Ceftriaxone (30 ug), Cefotaxime (30 ug), Ceftazidime (30 pg), Aztreonam (30ug), and
Amoxicillin/ Clavulanicacid (20/10ug). The four antibioticswereplacedat a distance of 20 mm

(edge to edgefrom the Amoxicillin/Clavulanic acid disk which was placedin the middle of the
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plate.After 24-h incubationf anenhancedoneof inhibition betweereitherof thecephalosporin
antibioticsandthe Amoxicillin/Clavulanic acid disk hasoccurred the testwasconsiderecdESBL

positive.

Combined Disk Test (CDT): A Ceftazidime(30 pg) disk and Cefotaxime disks were used for

thisr e s e asake. iheyvere arranged in a way that the ceftazidime drug and its combination

with Clavulanic acid were placed side by sidé&ewise, Cefotaximé30ug)wasarranged in such
a way that the Cefotaxime drug and its combination with Clavulanic acidpheered siddoy side
so thattheir combinationwith Clavulanicacid (30 ug/10ug) was consideretbr confirmationof
the presenceof ESBL. An increasein zone diametergreater than Smnior either of the
Cephalosporirdisks and their respectiveCephalosporinClavulanatedisk were interpretedas
ESBL Positive(CLSI, 2017. E-testsweredonefor ESBL detectiorby Ceftazidime0.5-32 pg/ml,
and Cefotaxime0.2516 pg/ml strips. This test was used alone and their combinationwith
Clavulanic acid i.e Ceftazidime-Clavulanicacid0.0644 pg/ml andCefotaxime Clavulanicacid
0.0161.0ug/ml respectivelyfor phenotypicconfirmation. AmpC detectiorwas carried out using
cefotetan 0.60-32pg/ml with cefotetan and cloxacillin 0.5-32ug/ml combined Etest The
resistancendsusceptibilitywereinterpretedaccordingo the CLSI LaboratoryStandard¢CLSI,
2012. E. coli (ATCC 25922),S. aureugdATCC 25923),and Pseudomonaaeroginosa(ATCC
27853)wereusedasreferencestrainsfor the cultureandsusceptibilitytesting.

3.12.1 ESBL Primary Screening

Primary identification of drugresistant bacteriavas done by antibiotic susceptibility testng.
Resistanbr intermediateéo Ceftazidimg30ug),Ceftriaxong30ug),andCefotaximeg(30ug)were
suspectetb ESBLsproduces andadditionallyresistanto cephamycir(cefotetan)vereindicator
for AmpC-BLs producemwithin the CLSI screeningriteria. However,we did a confirmatorytest
for all cefoxitin-resistantgramnegative bacteriaThesebreakpointsindicative of thought for
ESBL productionwere CA Z 02 2 @R®, O 25 mm, and C T X 2¥mm. Initial screeningfor
AmpC was done by the diametersof zonesof inhibition producedby Ceftazidime (30ug),
Ceftriaxong(30ug), Cefotaxime(30ug), Cefepime(30 pg), andCefoxitin (30 pug) which isfound
to be within the CLSI screeningcriteria. Thesebreakpointsare indicative of AmpC production
whenCA Z 02 2@R®, 025 mm,C T X &¥mm, FEP O 25, and FOX O 18mm. Phenotypic
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detectionof ESBL and AmpC productionwas confirmed by a doubledisk synergytest and
combineddisk testby using an E-testaccordingto EUCAST and CLSI guidelinesrespectively
(CLSI, 2017 EUCAST, 2017.

3.12.1.1. Doubledisk synergytest(DDST) for ESBL detection

Thebacterial isolatet betestedvereinoculatedontoa Muelleri Hinton agarplate. Theantibiotic
disksthatdeployedfor this purposewere Ceftriaxone(30 pg), Cefotaxime(30 ug), Ceftazidime
(30 ug), Aztreonam(30pug), and Amoxicillin/ Clavulanicacid (20/10 pug). The four antibiotics
werethenplacedat distance®f 20 mm (edgeto edge)from the Amoxicillin/Clavulanicacid disk,
which wasplacedin the middle of the plate. After 24 hous of incubation,the occurrenceof an
enhanced zone of inhibition between either of the cephalosporinantibiotics and the
Amoxicillin/Clavulanic acid disk was ESBL positive (Abdetaet al., 2022 CLSI, 20173. The
primary AST screeningntegratecthe DDST andlateron, the confirmatoryE-testfor ESBL and
AmpC-BL identificationwasconducted

3.12.1.2. E-Testfor both ESBL and AmpC betalactamasedetection

The E-testwasconductedor ESBL detectionusingCeftazidime(CAZ) 0.5-32 ug/ml alonewith

Ceftazidime+Clavulanicacid (CAL) 0.0644 pg/ml combinationandCefotaximg(CTX) 0.2516

png/ml alonewith Cefotaxime+Clavulanicacid (CTL) 0.0161.0 ug/ml combinationstrip were
usedfor phenotypicconfirmation.For detectionof ESBL, CTX ©0.5andCTX/CTL ratio O8 or

CAZ O1 andCAZ/CAL ratio O8 wereconsideredaspositive,whereasCTX < 0.50r CTX/CTL

ratio< 8andCAZ < 1 or CAZ/CAL ratio< 8 wasconsideredaisnegative The AmpC-BL detection
was done by using cefotetan 0.60-32ug/ml alone with cefotetarcloxacillin 0.5-32ug/ml
combination The ratio of CTT/CXT O 8ndicatesthe productionof an AmpC BL (CLSI, 2012

Liofilchem, 2014ab).

3.12.2.CarbapenemResistant Detection

The presence of Carbapenemasaletection was implemented by using the modified
Carbapenemaseactivationmethod(mCIM) and EDTA-modified Carbapenemaseactivation

method (eCIM), exceptfor the caseof Acinetobacterspices This was conductedfor all the
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Carbapenennesistant or intermediate with either Imipenem, Meropenem, Doripenem or
Ertapenenexceptfor nonfergramnegative bacteriawhereErtapenenwasnotused.To perform
themCIM, asuspensiomvasmadeby taking1l eldopful of bacteriafrom anovernightbloodagar
plateandthenaddingit to a2 ml trypticasesoy broth. Subsequentlythe Meropenen{10¢ gdjisc
was immersedin the suspensiorand incubatedfor 4 hours+ 15 minutesat 37°C. After the
incubationthediscwasremovedrom thesuspensiomnising10¢ [noculationloopsandplacedon
aMueller-Hinton agarplateinoculatedwith a susceptibleE. coliindicatorstrain(ATCC 29522).
Then,the resultswererecordedafter 18-24 hoursof incubationat 37°C. Besides, for the eCIM
casetaking 1 eldopful of bacteriafrom anovernightblood agarplateandthenaddingit to 2 ml
having5 molar EDTA concentratiortrypticasesoy broth Then MBL production was detected
usingthe mCIT test procedurd=or mCIM zoneof inhibition of 6 to 15 mm arounda disk anda
zoneof inhibition of 16 to 18 mm arounda disk includingthe presencef coloniesin the zoneof
inhibition wasconsideregositive.A zoneof inhibition with adistanceof 19 mmor greateraround
a disk was considerednegative. A negative result suggeststhat the isolate is resistantto
carbapenem®y a mechanismother than the productionof carbapenemasdf mCIT shows
carbapenemproductionandanincreased diameterof eCIT greateror equalto 5SmmthenmCIT is
consideredMBL positive(CDC, 2013¢CLSI, 2017 EUCAST, 2017 Kadri, 202Q.

3.12.3.Determination of MDR, XDR, and PDR Isolates

Multidrug resistance (MDR)extensively drugesistant XDR), and pardrugresistant (PDR
isolates were categorized by usstgndard definitions dflagiorakoset d. MDR microorganism
has been defined as an isolate with -saaceptibility to at least one agent in three or more
antimicrobial categories. Extensively drtggistant (XDR) was defined as nsuasceptibility to at
least one agent in all but two or fewer antiabial categories (i.e. bacterial isolates remain
susceptible to only one or two categories) and-graig-resistant (PDR) was defined as non

susceptibility to all agents in all antimicrobial catego(Magiorakoset al.,2012).
3.13. Molecular Detectionof ESBL, AmpC-BL, MBL , and Carbapenemase

ESBL, AmpC, Carbapenemasend MBLs producergeneswere detected using PCRGene

selection is based on Drug resistance type.
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3.13.1.DNA Extraction

The DNA wasextractedrom freshcoloniesof gramnegative bacteribcom the blood agarplate
(Oxoid). An aliquot of 1 0 0 Oaof ¢ell suspensiorcontaining 10’ cells/mL from eachgram
negative bacterizastransferredo microtubesandincubatedvernightat 37°C. Cell suspensions
were centrifugedat 4,500 rpm for 5 min at 4°C, and the pelletsobtainedwere usedfor DNA
extractionby boiling methodwith a modification. The gramnegative bacteria obtained from the
palletsweresuspendeah atubecontainingbO UL nucleasdreewaterandthensubjectedo boiling
at 100°C for five minutes.The mixture wascentrifugedat 3000g(5175rpm)for 10 minutes.The
DNA-containingupperaqueouphasevastransferrednto aseparat® ml Eppendortubeand0.7
volumesof cold absolutesthanolwereadded Theaqueouphasenasrecoveredy centrifugation
for 20 min, andgenomicDNA was precipitatedoy ethanol.The pelletwaswashedn cold 70%
ethanolthenafterfurthercentrifugationstepsthe ethanolwasremovedandthenucleicacidpellet
was allowedto dry beforebeing re-suspendedn aqueousTE buffer (10 mM Tris-HCI, 1 mM
EDTA, pH 8.0) (Ahmed and Dablool, 201 Dashtiet al.,2009. The final concentratiorof 70-
100ngt bf thetemplatewaspreparedy usinga NanoDropSpectrophotometer

3.13.2.Conventional PCR

PCR was performedusing hot start Multiplex PCR (5x HOT FIREPol Multiplex MasterMix)
containingHOT FIREPoIDNA polymerase5x multiplex buffer, 10 mM MgClz, dNTPs,BSA,
and loading dyethat increasd sampledensity were imported from (Solis Biodyne Estonig,
accordingto ma n u f a cirstouctient Thes primers used are indicated Tables 2 and 3.
Oligonucleotideyield or lyophilized primer was recongituted by nucleasdree TE buffer
(10mMTris pH 8.0; 0.1 m MEDTA; pH 8.0) usingintegratedDNA technology(IDT) protocol.
The PCR amplification was done by T3000 Biometra thermocyclerusing a Bio-Rad gel
electrophoresimachineandDNA bandswvereviewedunderBio-Radgel docimagingSystemand
resultsweretakenthroughthe internet.All primerswereobtainedfrom IDT exceptAmpC-BLs

andblaVIM andblalMP primerswhich wereimportedfrom LIGO MacrogenEurop.

The choiceof PCRsto perform wassubject to the sensitive data. We analyzeatleast20 resistance
genedeterminantsMultiple PCRassaysvere usedor thedetectiorof Carbapenemasgacluding
both laboratorydevelopediestsand commercialassays Commercialassaysnclude the Xpert
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CarbaR test (detectingkKPC, NDM, IMP, VIM, and OXA-48), the hyper plex SuperBugID

(detectingKPC,NDM, IMP, VIM, GIM, OXA-48,0XA-162,0XA-181,andOXA-204),andthe
CheckDirect carbapenem resistangeamnegative bacteriassay(detectingKkPC, NDM, VIM,

and OXA-48). The sensitivitiesfor all theseassaysare between97 and 100% (Lutgring and
Limbago, 201%.

3.13.3.ESBL Gene Detection

The isolatesthat were screenedositive for ESBLswere subjectedo ESBL multiplex 1 and 2
PCRtestsusingspecificprimersfor differentfamilies. In multiplex 1, ESBL, blaSHV, blaCTX-

M, and blaTEM geneswere performedusing the Trung et al with slight modificationsduring
optimization(Trunget al.,2015 (Table2). Multiplex PCRs wereperformedn afinal volumeof

20¢ bf theamplificationmixture containing4 €l Multiplex mastemix, 0.6¢ reverseand0.6¢ |
forwardprimerseachcontaining(10n g /ardD.2¢ | 13.8¢ hucleasdreewater,andl e bf 70-

100n g /DA template.The thermalcycling conditionswere:initial denaturatiorat 95°C for

240 secondsfollowed by 35 cyclesof denaturatiorat 94°C for 25 s, annealingat 58°Cfor 45 s

and extensionat 72°C for 1 min, andfinal extensionat 72°C for 5 min. Multiplex PCR 2 was
performedfor ESBL, blaPER,blaGES,blaBEL, andblaVEB, usingthe protocol ofBogaertset

al. (Bogaertset al.,2013 (Table2). Multiplex PCRs wereperformedn afinal volumeof 20¢ bf
theamplificationmixture containing4 €l Multiplex mastemix, 0.8¢ keverseand0.8¢ Forward
primerseachcontaining(10 n g / 43.4nycleasedree water,and1 ¢ lof 70-100n g /DINA
template.The thermal cycling conditionswere: initial denaturationat 95°C for 300 seconds,

followed by 30 cyclesof denaturatiorat 94°C for 30 s, annealingat 57°C for 90 secondsand

extensionat 72°C for 90 secondsand final extensionat 72°C for 5 min. The multiplex PCR
products were sepgiedusingl . 5% agarose gel and stained wi!t
|l oading dye and 6 ¢l PCR reaction of sampl e a
conducted using 120V, 400MA, for 45 minutes. DNA bands were viewed under the Biorad gel

doc ImagingSystem.

Table 2: Primersusedfor detection oESBL andAmpC-BLs genegetection

Primer sequencg 3d\§ Nj) ¢ Amp
licon
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PCR Targeted size | Referen
name gene in bp ces
ESBL blaCTX- | Forward | ATGTGCAGYACCAGTAARGTKATGGC 590 | (Trung,
Multiplex | M Reverse | GGTRAARTARGTSACCAGAAYCAGCGG 2015
1 blaTEM | Forward | TCGCCGCATACACTATTCTCAGAATGAC | 422 | #576)
Reverse | CAGCAATAAACCAGCCAGCCGGAAG
blaSHY | Forward | TGTATTATCTC(CIT)CTGTTAGCC(A/G)CCCTA 739
Reverse | GCTCTGCTTTGTTATTCGGGCCAAGC
MIN blaPER | Forward | AGTGTGGGGGCCTGACGAT 725 | (Bogaert
Reverse | GCAACCTGCGCAATRATAGCTT s et al,
ESBL  blaGES | Forward | CTGGCAGGGATCGCTCACTC 600 | 2013)
Multiplex Reverse | TTCCGATCAGCCACCTCTCA
2 blaBEL | Forward | CGACAATGCCGCAGCTAACC 448
Reverse | CAGAAGCAATTAATAACGCCC
blavEB | Forward | CGACTTCCATTTCCCGATGC 376
Reverse | TGTTGGGGTTGCCCAATTTT
ESBL blaMOX | Forward | GCT GCT CAA GGA GCA CAG GAT 520 | (Pérez
Multiplex | M Reverse | CAC ATT GAC ATA GGT GTG GTG C Pérez,
3 blaCITM | Forward | TGG CCA GAA CTG ACA GGC AAA 462 | 2002
Reverse | TTT CTC CTG AAC GTG GCT GGC #578)
blaDHA | Forward | AAC TTT CAC AGG TGT GCT GGG T 405
ampe | M Reverse | CCG TAC GCA TAC TGG CTT TGC
blaACC | Forward | AAC AGC CTC AGC AGC CGG TTA 346
M Reverse | TTC GCC GCA ATC ATC CCT AGC
blaEBC | Forward | TCG GTA AAG CCG ATG TTG CGG 302
Vitoria- | Reverse | CTT CCA CTG CGG CTG CCA GTT
Gasteiz, I 1aFOX | Forward | AAC ATG GGG TAT CAG GGAGATG | 190
Spain |y Reverse | CAA AGC GCG TAA CCG GAT TGG

A Fordegeneratprimers:D=A, GorT;R=AorG; Y=CorT, K=GorT; W=AorT

(Avisonet al.,2004 Bogaertset al.,2013 Trunget al.,2015
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3.13.4. AmpC-Beta LactamaseGenesDetection

Theisolateshatwerepositivefor AmpC-BLs weresubjectedo ESBL threemultiplex PCRtests
usingspecificprimersfor differentfamiliesof ESBLsandAmpC-BLs (Tablesl and?2):

PCRfor ESBL Multiplex 3:- AmpC-BLs family blaMOXM, blaCITM, blaDHAM, blaACCM,
blaEBCM, and blaFOXM were detected(PérezPérez and Hanson, 200 able 2). Multiplex
PCRreactionsvereperformedn afinal volumeof 20 ¢ lof the amplificationmixture containing

4 ¢ Multiplex mastemix, 1.0¢ reverseand1.0¢ Fforwardprimers(eachcontainingd . 6 forM
blaMOXM, blaCITM, blaDHAM; 0.5¢ Mfor blaACCM, blaEBCM and0.4¢ Mfor blaFOXM),

13.0 ¢ Inucleasdree water,and 1 ¢ lof 70-100 n g / BN template. The thermal cycling
conditions were: initial denaturationat 95°C for 240 seconds,followed by 25 cycles of
denaturatiorat 94°Cfor 30 s,annealingat 64°Cfor 60 sandextensiorat 72°Cfor 1 min, andfinal
extensionat 72°C for 7 min. The multiplex PCR products were separated using 2% agarose gel
prepared and stained using 3¢l Et hidium br omi
PCR reaction of sample and control were loaded into thegelelectrophoresis was carried out
using 120V, 400MA, for 60 minutes. DNA bands were viewed under the Biorad gel doc Imaging

System after staining with ethidium bromide.
3.13.5.Carbapenemasepxacillinase,and MBLs GeneDetection

For carbapenem resistant isolates CarbapeneamaldBLs weresubjectedo ESBL1,2, and3
(Tables2) andCARBA multiplex 1, 2, and3 PCRtestsusingspecificprimersfor differentfamilies
of betalactamaseand carbapenemasproduction(Table 3). Multiplex CARBA PCR 1, using
Bogaert'anethodwith slight modifications wasemployedto examinethe positiveisolatesin the
initial screeningtestfor carbapenemaselakec, blaoxa-4s, and Metallobetalactamasegenesof
blanom, blaviv, andblaime (Bogaertset al.,2013 (Table3). It wasperformedin a final volume of
20¢ bf theamplificationmixture containing4 €l Multiplex mastemix, 0.6¢ reverseand0.6¢ |
forward primerseachcontaining(10n g / &318% hucleasdreewater,andl e bf 70-100n g / ¢ |
DNA template Thethermalcycling conditionswere:initial denaturatiorat 95°Cfor 300seconds,
followed by 35 cyclesof denaturatiorat 94°Cfor the 30s,annealingat 57°Cfor 90sandextension
at 72°C for 90s, andfinal extensionat 72°C for 5 minutes Multiplex PCR 2 for OXA family
Carbapenemasgeroducinggenesof blaOXA-23group blaOXA-24/143group, andblaOXA-58
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groupwereexaminedn the positiveisolatesn theinitial screeningestfor carbapenennesistant
Thesamemethodwasemployedwith the Multiplex CARBA PCR1 (Bogaertset al.,2013.

Table 3: Primers used for Carbapenemase and MBLSs gene detection

PCR Targeted | Pr i mer sequ®&nce (5Nj t qAmplicon |References
name gene size in bp
CARBA blaNDM | Forward | ACTTGGCCTTGCTGTCCTT 603 (Bogaertset
Multiplex Reverse | CATTAGCCGCTGCATTGAT al., 2013)
1 blaviM Forward | TGTCCGTGATGGTGATGAGT 437
Reverse | ATTCAGCCAGATCGGCATC
blaIMP Forward | ACAYGGYTTRGTDGTKCTTG 387
Reverse | GGTTTAAYAAARCAACCACC
blakPC | Forward | TCGCCGTCTAGTTCTGCTGTCTTG| 353
Reverse | ACAGCTCCGCCACCGTCAT
blaOXA- | Forward | ATGCGTGTATTAGCCTTATCG 265
48 Reverse | CATCCTTAACCACGCCCAAATC
CARBA blaOXA- | Forward | CCCCGAGTCAGATTGTTCAAGG 330
Multiplex | 23 group | Reverse | TACGTCGCGCAAGTTCCTGA
2 blaOXA- | Forward | GCAGAAAGAAGTAAARCGGGT 271
OXA 24/143 Reverse | CCAACCWGTCAACCAACCTA
group
blaOXA- | Forward | GGGGCTTGTGCTGAGCATAGT 688
58 group | Reverse | CCACTTGCCCATCTGCCTTT
A. For degenerate primers: D=A,GorT; R=AorG; Y=CorT; K=GorT; W=AorT.
CARBA blaAIM Forward | CTGAAGGTGTACGGAAACAC 322 (Poirel,
Multiplex Reverse | GTTCGGCCACCTCGAATTG 2011 #579)
3 blaGIM Forward | TCGACACACCTTGGTCTGAA 477
Reverse | AACTTCCAACTTTGCCATGC
blaSIM Forward | TACAAGGGATTCGGCATCG 570
Reverse | TAATGGCCTGTTCCCATGTG
blaDIM Forward | GCTTGTCTTCGCTTGCTAACG 699
Reverse | CGTTCGGCTGGATTGATTTG
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a Nucleotide numbering begins at the initiation codon of genes. bD=AorGorT;Y=CorT.

CARBA-1 | blaviIM Forward TTTGGTCGCATATCGCAACG 500 (Amudhan,
additional Reverse CCATTCAGCCAGATCGGCAT 2012#580)
blaIMP Forward GTTTATGTTCATACWTCG 432
Reverse GGTTTAAYAAAACAACCAC

(Amudhanet al.,2012 Bogaertst al.,2013 Poirelet al.,2011)
3.13.6.Minor Metallo-Beta-L actamaseGenes

The multiplex 3 was usedfor the detectionof Metallo-betalactamas€MBL) producinggenes,
blaAIM, blaGIM, blaSIM, andblaDIM (Poirel et al.,201]) for carbapenemsesistancestrains
(Table3). It wasperformedn afinal volumeof 20¢ bf theamplificationmixturecontaining4 €l
Multiplex mastemix, 0.8¢ keverseand0.8¢ Forward primerseachcontaining(10n g j, £3l4
¢ Inucleasdreewater,andl1 ¢ lof 70-100n g /DA template.The thermalcycling conditions
were:initial denaturatiorat 94°Cfor 300secondsfollowed by 36 cyclesof denaturatiorat 94°C
for the 30s,annealingat 52°C for 40sandextensiorat 72°Cfor 50s,andfinal extensiorat 72°C
for 350sec.Forall Ca7rbapem®masel-3 multiplex 1.5agaros@el preparedy using3 eHthidium
bromidewith 2 eldadingdyeand6 ¢ PCRreactionof sampleandcontrolfor gel electrophoresis
by using 120V, 400MA, for 45 minutes.DNA bandswere viewed underthe Biorad gel doc
ImagingSystem.

3.14. Whole GenomeSequencing

Phenotypically identified and PC&bnfirmed drugresistant gamnegative bacteriawere
subjected to wholgenome sequencing usittee lllumina NextSeq 500 platformwith the support

of the Fleming Fund SeqgAfrica projett Kilimanjaro Clinical Research Institute (KCRI) Moshi,
Kilimanjaro TanzaniaGenome sequencing was done(for191)drug resistance isolates bging
lllumina pairedend sequencing to enable their complete genomic characterizahenthree
fundamental steps of the neggneration sequencing procedure are library preparation,

sequencing, and data analysis.
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3.14.1.DNA Extraction and Preparation

Genomic DNA was extracted using a QIAamNA min kit (Qiagen GmbH, Hilden, Germany).
The quality and quantity of genomic DNA were confirmed using a Qubit 2.0 fluorometer,
(Thermal Fisher Scientific, Waltham, MA, USA%enome sequencing was done using lllumina
DNA prep kit ref (ref: 20000000025416 version 9).

3.14.2.DNA Sequencing

Library preparation (dual indexing) was performed using an Illlumina DNA prep kit, (llumina Inc.,
San Diego, CA, USA). Whole genome sequencing of the library was completed on an lllumina
NextSeq 500 platform using a pairedd 2x 150 bp protocolThe readings are removed after

reading the forward DNA strand, and the procedure is then repeated for the reverse strand.

3.14.3.Analysis of Data

After sequencing, base calling a procedure that identifies nucleotides was performed by the
instrument software, along with a prediction of how accurate each base call will be. The
sequencing data was transferred into a common analytic tool during datsisarequence
alignment, variant calling, data visualization, and interpretation were condué&tiedréng Fund
SegAfrica projectin Kilimanjaro Clinical Research Institute (KCRI) Moshi, Kilimanjaro
Tanzania The NextSeq sequencer output was base called with BCL Convert([Bi@18na,

2023 Fastq files were examined for sequencing issues with FastQC QAhti@ws, 201Y, and
screened for human and vector contamination using FastQScreen (GaGtamet al., 2019

against the KneadDa{&neaddata, 2023human reference and NCBI UniVec Core.

Untrimmed reads were then processed by the-sparce KCRICGE Bacterial Analysis Pipeline
(BAP) 3.6.5(Thomseret al.,2016 Zwetselaar, 2022busing default settings. The BAP workflow
encompassed: the computation of reads metrics with-tatsgl.3.0(Zwetselaar, 2022aand
genome assemblwas donewith SKESA 2.4.0(Souvorovet al., 2018. The computation of
assembly metricayas donewith uf-stats 1.3.(Zwetselaar, 2023cThespecies identificatiowas
donewith KmerFinder 3.0.ZClauseret al.,2018 Hasmaret al.,2014 Larsenet al.,2014), then
MLST typingwasprocessed bYCGE MLST 2.0.9Jolley and Maiden, 201 Qarsenet al.,2012
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and KCST 1.2.6or bacteria specigdultiiocus sequence typing (MLSTIwetselaar, 2021 Then
AMR detectionwas done with ResFinder/PointFinde#.2.3 for antimicrobial resistance gene
(amr_gen)andantimicrobial resistance gene mutation (amr_nfB9rtolaiaet al.,202Q Clausen

et al.,2018. Theplasmid identificatiorwas donewith PlasmidFinder 2.1.6 and pMLST 2.0c3
plasmid identification and plasmidultilocus sequence typin@NILSTs) (Carattoliet al.,2014
Clauseret al.,2018. Thevirulence gendvir_gen)detectionwas donedy VirulenceFinder 2.0.4
(Clausenet al., 2018 Joenseret al., 2014); and core genome MLST assignmedbne with
cgMLSTFinder 1.1.%Clauseret al.,2018 Jolley and Maiden, 20}0Theantimicrobial resistance
cluster (amr_cls), antimicrobial resistance (amr_res), disinfectant resistant gene (d@édes),

disinfectant resistance gene (dis_gen) identificatienedone(Appendix9).
3.15. Quality Control

Standardperatingproceduresverestrictly followed to verify thatquality controlparametersvere
fulfilled. Visual inspectionsof cracksin media,unequalfill, hemolysis,evidenceof freezing,
bubbles,and contaminationwere performed.Accordingto standardoperatingproceduresblood
samplesveredrawnandthentransferredo blood culturebrothandimmediatelytransportedo the
TASH microbiologylaboratory(Dreyer, 2012Leeet al.,2013. Quality controlwasperformedo
checkthe quality of themedia.Theresistancendsusceptibilitywereinterpretedaccordingto the
CLSI laboratorystandardsE. coli (ATCC 25922),S. aureugATCC 25923),andP. aeruginosa
(ATCC 27853)wereusedasreferencestrainsfor cultureandsusceptibilitytests(CLSI, 2017. K.
pneumoniaeATCC® 700603and E. coli ATCC® 35218 were usedfor positive control and
negative control for E-test. K. pneumoniaeATCC® 700603 (ESBL positive) was usedas a
negativecontrolandK. pneumoniad TCC® BAA-1144wasusedasa positivecontrolfor E-test
AmpC detectionK. pneumoniadTCC® BAA-170% andK. pneumoniad TCC® BAA-1706
wereusedaspositiveandnegativecontrolsfor the carbapenemadestrespectively(Liofilchem,
20144aDb). Thesestrainswereobtainedrom the TASH.

3.15.1.Culture and Sensitivity

StandardOperating Procedureswere strictly followed as per CLSI 2017 standard. Visual
inspection®of cracksin mediaor plasticPetridishesunequafill, hemolysisgvidenceof freezing,

bubbles,and contaminationwere performed.QC was performedto check the quality of the
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medium.Theresistancandsusceptibilitywereinterpretedaccordingo the CLSI2017Laboratory
StandardqCLSI, 2013. E. coli (ATCC 25922),S. aureugATCC 25923),and Pseudomonas
aeroginosg ATCC 27853) for nonfastidiousk. pneumoniadTCC 700603E. coliATCC 35218
wereusedasreferencestrainsfor cultureandsusceptibilitytesting.

3.15.2.ESBL and Carbapenemase ldentification

For the ESBL confirmatorytest, K. pneumoniaéATCC 700603 (ESBLs positive) and E. coli
ATCC 25922(ESBLsnegative)control strainswereused.For carbapenemaseonfirmatorytests
controlstrainsK. pneumoniadTCC BAA-1705andE. coliATCC 25922(negative) andATCC
BAA-1706 (negative)were used.For optimizationof the multiplex PCR known control strains
wereusedasthe positivecontrol. DNA sampledrom referenceblaTEM, blaSHV, andblaCTX-
M positive strainswere usedas positive controlsduring ESBL detection. AmpC was extracted
from the ATCC 27853P. aeruginosastrainandknownK. pneumoniaésolatescarryingblakPC
andblaNDM were usedas a positive control alongwith the carbapenemasgetection.Positive
DNA sampledor ESBL AmpC, Carbapenemasand Metallo-betalactamaseservedascontrols
for tests.Before multiplexing the primersfor ESBL and carbapenemasgeneseachprimerwas

testedoy amonoplex PCRreaction.

3.15.3.Whole Genome Sequencing

The quality and quantity of genomic DNA were confirmed using a Qubit 2.0 fluorometer.
Assemblies were assessed for genome completeness and bacterial contamination with CheckM
1.2.2(Parkset al.,2015 and GUNC 1.0.§Orakovet al.,202]). Assemblies were then assigned

als5 quality scor e, as foll ows. Assemblies we
contamination >10%, or at CheckM contamination >5%, and GUNC CSS >0.45. Assemblies were
mar k ed Apoor gual i tyo (n@appliedw average eoverage <i5x, t h e
completeness <90%, human reads >4%, vector reads >4%, number of contigs >1000, or N50
<5000. Assemblies passing the Q2 threshold wer
at coverage >30x, contig count<480,mp | et eness >98%, and contamin
(Q5) at coverage >40x, contig count <160, completeness >99.5%, and contamination <0.5%.
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3.16. Statistical Analysis and Interpretation

Data capturedinto Epi-datawere cleanedand analyzedby using SPSSversion24 softwarefor
furtheranalysis.The datawerestoredin a passworeprotectedcomputerandbackus weresaved
by theexternalharddisk. The quantitativedatacollectedusingdifferenttechniquesvereanalyzed
usingsimpledescriptivestatisticsi.e. percentagedrequency,mean,andstandarddeviation and
thedatacollectedwerealsoanalyzedusingcrosstabulation,Chi-squaregcorrelation andmultiple
linea regressiormodel with the help of statisticalpackage.The bi-variant logistic regression
analysisvasusedto seetherelatiorshipbetweera dependentariableandindependentariables.
Theassociatiorwasassessely usingthe x2-test.Variablesthatshowed a significantassociation
wereselectedor furtheranalysisusingmultiple logistic regressiommodelswith a p-value< 0.05
asstatisticallysignificant. The strengthof the associatiorwasinterpretedusinganoddsratio in a

95% confidencdnterval.Finally, theresultswerepresentean charts,graphs andtables.
3.17. Ethical Considerations

The study was approvedby i T ICellege of Naturaland ComputationalSciencednstitutional
ResearclEthicsReviewBoard (CNSIRB) on 30/03/2018with minutesof meetingreferenceno

IRB/032/2018at Addis AbabaU n i v e rPeriissiprivas also obtainedfrom the College of

Health Scienceslnstitutional Review Board (IRB). This study procedurehas fulfilled the
requirementsetby the declarationof Helenski(Association, 2018 For participantsvhoseage
wasbelow18yearsdatawerecollectedwith theassen{12i <18)andConsenbf thepatient'degal

guardiansHowever,in thecasef O 1 y&arsof age we havecollectedConsenfrom the patients
themselvesThe purposeand procedure®f the studywereexplainedto the participantsparents,
and/orguardiangduring the studyperiod. Thosepatientswho weregiveninformedconsentwere
selectedand enrolled as the study participantsand patient resultswere communicatedo the
attendingphysicians.
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4. CHAPTER FOUR: RESULTS
4.1. Epidemiology of Bloodstream Infection

4.1.1. Socio-DemographicCharacteristics

A total of 1486 patients suspected of bacteremia were included in this study. Among the recruited
patients, 844 (56.8%) were males and 642 (43.2%) were females with a ratio of 1.3:1. The age
range of the patients was from 1 day to 91 years with a mearf 28§24 and a standard deviation

of 20.5; 433(29.14%) were below 2 years. The majority of thé@B (99.1%)werein-patient,

while the rest 13 (0.9%), were outpatients. The frequent blood culture geesfrom Casualty

Ward (C/W) 353(23.8%), the Emergen®utpatient @partment (EOPD) 222 (14.9%), and the
neonatal ICU 195(13.1%). The majority of participants in their departments were from Medical
728/1486 (48.99%), Hematology 306/1486 (20.59%), and NICU 178/1486 (11.98%) (Table 4).

Table 4: Sociodemographic characteristicsgramnegative bacteriaentified in bloodstream
infectionpatientsat TASHN=1486

Variables Culture Results Total
Negative N(%) Positive N(%) N(%)
Age of Birth to 1 month 122 53.30% 107 46.70% 229 15.40%
participant >1-<24 months 137 67.20% 67 32.80% 204 13.70%
02-<06 years 137 71.70% 54 28.30% 191 12.90%
06-<13 years 147 76.60% 45 23.40% 192 12.90%
13-<19 years 81 77.10% 24 22.90% 105 7.10%
19-<45 years 285 80.30% 70 19.70% 355 23.90%
45-<65 years 113 76.90% 34 23.10% 147  9.90%
>65 years 47 74.60% 16 25.40% 63 4.20%
Total 1069 71.90% 417 28.10% 1486 100.00%
Sex of Male 607 71.90% 237 28.10% 844 56.80%
participant Female 462 72.00% 180 28.00% 642 43.20%
Total 1069 71.90% 417 28.10% 1486 100.00%
Type of In-patient 1058 71.80% 415 28.20% 1473 99.10%
patient out-patient 11 84.60% 2 15.40% 13 0.90%
Total 1069 71.90% 417 28.10% 1486 100.00%
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Ward or unit  C/W 271 76.80% 82 23.20% 353 23.80%

of follow-up EOPD 181 81.50% 41 18.50% 222 14.90%
B6 94 48.20% 101 51.80% 195 13.10%
D7 103 71.50% 41 28.50% 144 9.70%
B4 69 58.00% 50  42.00% 119 8.00%
C8 68 84.00% 13  16.00% 81 5.50%
D8 56 75.70% 18 24.30% 74 5.00%
Cc7 42 67.70%0 20 32.30% 62 4.20%
B8 53 89.80% 6 10.20% 59 4.00%
B5 45 84.90% 8 15.10% 53 3.60%
B7 26 63.40% 15 36.60% 41 2.80%
InM 20 83.30% 4 16.70% 24 1.60%
PEOPD 6 42.90% 8 57.10% 14 0.90%
other 35 77.80% 10 22.20% 45 3.03%
Total 1069  71.90% 417 28.10% 1486 100.00%

Department of Medical 573 78.70% 155 21.30% 728 49.00%

Follow-up Hematology 229 7480% 77 25.20% 306 20.60%
NICU 87 48.90% 91 51.10% 178 12.00%
MICU 48 65.80% 25 34.20% 73 4.90%
Emergency 52 73.20% 19 26.80% 71 4.80%
General Surgery 28 60.90% 18 39.10% 46 3.10%
SICU 14 41.20% 20 58.80% 34 2.30%
Oncology 25 80.60% 6 19.40% 31 2.10%
Gynecology 6 75.00% 2 25.00% 8 0.50%
other 7 63.60% 4 36.40% 11 0.70%
Total 1069 71.90% 417 28.10% 1486 100.00%

4.1.2. Blood Culture Result

The overall culture-positive resultamongthe patientswas 417/1486(28.06%),and ten of them
werefoundwith doublebacterialinfectionsof which thetotal bacterialisolatesvere427. Among
thetotal of 427 bacterialstrains 233(54.57%)wereGramnegative and194(45.43%wereGram

positive. Among the Gramnegative isolates, K. pneumoniaeaccountedfor 75(17.56%),
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Acinetobactespp47(11.01%)andE. coli 38(8.9%)werethe dominantones Among 191 Gram
positiveisolatesthe predominanstrainwasCoNS 65(15.2%) followed by S. aureugt4(10.3%),
andEnterococcuspp24(5.6%)(Table5).

Table 5: Bacterialisolatesfrom bloodstream infectiopatientsat TASH n=1486

Gram -ve f % % Gram Gram +ve f % % Gram
-ve +ve
K. pneumoniae 75 17.560 32.1% CoNS 65 15.224 33.5%
Acinetobacter spp 47 11.08%6 20.17% S. aureus 44 10.30%6 22.7%
E. coli 38 8900 16.3%% Enterococcuspp 24 5620 124%
K. oxytoca 27 6.3%% 11.5% S. viridian 17 3.98 8.76%
E. coli (A-D) 11 2586 4.7%% S. lugdunensis 13 3.086 6.70%
C. diversus 5 11 2.1%% Bacillusspp 13 3.086 6.70%
Pseudomonasspp 5 1.1®R 2.1%% Corynebacteriunspp 7 1680 3.61%
K. rhinoscleromatis 4 0.946 1.72% E. faecium 5 1176 2.58%
S. marcescens 4 09%% 1.7% S. pneumoniae 2 0.4 1.03%
K. ozaenae 3 07006 1.29% Micrococcus 2 0470 1.0
E. cloacae 2 04® 0.86% S. pyogenes 1 0.23% 0.52%
E. agglomerans 2 047 0.86% S. milarie 1 0.23% 0.520
M. morganii 2 047 0.86% Total Gram +ve 194 4586 100%
P. mirabilis 2 04® 0.88% Total All bacteria 427 100%
P.rettgeri 2 04® 0.86% Total sample 1486
C. gleum 1 023 0.43%
E. aerogenes 1 023% 0.43%
S. typhi 1 0236 0436 f= frequency; CoNS= Coagulase negativ
N. meningitidis 1 02% 04%% staphylococcus
Total Gram-ve 233 546% 100%

4.1.3. Factors Associated with Positive Blood Culture

Prevalence of positive blood culture results against the age of participants showed an increased
trend at very young ages and thiference in prevalence is associated with@&ggurel)as shown

by the adjusted odds ratios for different age groups; birth to one ma@O@1; greater than 1
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month up to less than 24 montlps¢0.001; and two years up to less than six ygars,0.002,
(Table 6). A slightly increasing trend of positivity was also shown at old age (>45 \€ays)e

2) the difference was not statistically significant.

Age Vs Bacterial growth Crosstabulation

== %f
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Figure 2: Proportion of bacterial identification among the age of the partigpamioodstream

infectionsuspected patients at Tikur Anbessa Specialized Hospital.

We analyzed if there was a difference in the type of pathogens isolated with age; asnshown
Figure3 K. pneumoniaat 33% wasthe predominanpathogerisolatedfrom neonategollowed

by Klebsiella oxytoca (K. oxytocg at 15.17% and Acinetobacterspeciesat 11.6%. Identified
bacteriain neonatecomparedwith all agelevelsK. pneumonia&9.3%,K. oxytoca62.96%,and
Acinetobacterspp 27.7%were predominatly found. The highly prevalentbacteriain neonates
were K. pneumonia@ndthe high percentagef prevalentorganismscomparedn all agelevels

waskK. oxytoca

In the age groupetween 124 months the most prevalent bacteria were agidinpneumoniage
17.39%,Coagulase negative staphylococcus (CoNS)9%, andAcinetobacter sp 3%. In the
age group of 2<6 K. pneumoniagAcinetobacter sp@ndS. aureusvere the most predominant.
Another trend we observed in terms of pathogens isolated is the @QEN&,30.7%, in adults.
The larger proportion of thEoNSwas isolated from the age group-49 years. In the case of
those above 65 yearthe most prevalent bacteria wete coli, 24%, K. pneumoniagl8% and
CoNS,12%, (Figure3).
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Figure 3: Distribution of identified bacterial isolates ithe age category fronbloodstream

infectionsuspected patients in TikAnbessa Specialized Hospital Addis Ababa Ethiopia.

In this study, the top five departments of the blood culture request were internal medicine followed
by hematology, NICU, MICU, andrgergency OPDHowever, the highest rate of isolation was
observed in SICUwith about 20(59 %) AOR p=<0.001, NICU, 91(51%) AOR p=0.002, general
surgery, 18(39.1%) AOR P=0.044, ICU, 25(34.2%) COR p=0.013, and emergency, 19(26.8%)
AOR P=0.024 (Tablé). Among wards,tie highest number of patients involved in this study was
from causality, 23.8%E0PD, 14.9%, and B6, 13.1%nd the highest isolation was recorded in

B6 (24.5%),C/W (19%), and B4 (12.2)acteria were identifiedBacterial identification among

the wards shows th#t. pneumoniadas the highest prevalence in this study; 35(46.7%), 12(16
%), and 6(8%) have been identified from B6 (NICU), C/W, and B4(MICU), respectively. The
second prevalent wer€oNS at rates of 16(25.0%), 12(18.8), and 9(14.1%) identified in
B4(MICU) C/W, and EOPD, respectively. The third onAgnetobacter spprhich was detected

at therates of 47 11.6(23.4%), 11.6(23.4%), 10(21.2%) from B6, C/W, and B4, respectively
(Figure4).
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Types of Wards

R/C, Rehabilitation center (Orthopedics); CTR, Central triage (Regular OPD); C3, Gynecology &
Obstetrics; C4, Cardiac; RT, Radio therapy (Oncology department); D4, Cardiothoracic surgery
& ENT; C5, General surgery; A6, Labor gynecology; C6, Gynecology &té&fcs; D6,
Gynecology & Obstetrics; D3, Ussurgery; D5, Neuro and general Surgery; InM, Intermediate;
B8, Medical, cardiac and endocrinology; PEOPD, Pediatrics Emergency OPD; B5, Medical and
Neurosurgery; C8, Hematology; B7, Pedi Medical & Surgical;\d&dical renal and hematology;

C7, Pedi Medical; D7, Pedi Hematology; EOPD, Adult Emergency OPD; B4, SICU,
MICU/PMICU; C/W, Causality; B6, NICU,;

Figure 4: Bacterialisolatesand their frequencyfrom blood culture of bloodstream infection
suspectegatientsin the different wards ofikur AnbessaSpecializedHospital Addis Ababa

Ethiopia.

Crosstabulationshowsthat when the admissiondate increaseghe bacterial prevalencealso
increasegFigure5). The length of stay in the hospital with positive blood culture results is shown
in Table6. In our study,bivariateanalysishasshownanincreasedrendof positivity following a
longerstay> 5 days COR p=0.016, ardd daysCOR p=0.001 The multivariateanalysiswas at

the borderline andid not showa significantassociation of > 9 daysh AORp=0.062(Table6).
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Figure 5. Hospital stay of patientsfrom admissionto samplecollection in Tikur Anbessa
SpecializedHospital

We observed®67(58.35%) of patientstilized indwelling medical devices but 619 (41.65%) are

not. Culture positivitywashigher in indwelling medical device users at 35.4% tinamon-users

at 17.4% withap-value d AOR <0.001. The top three usages of indwelling medical devices were
the intravenous line, 782 (52.6%), mechanical ventilator, 137 (9.2%), and suction machine, 121
(8. 1%) . |l ntravenous | ine usage i s hi grbbiai n pat
growth. Among patient362(64.7%) have a chronic illness, and 524(35.3%) were not. In this study
having chronic illness has an associatiath being culture positive with an AOR of p=0.027.
History of incubation shows out of 230 neonates 168 were incubated and 62 were not incubated.
Among the total 230 neonates, 1®&re culturenegative, and 108 were cultypesitive. Of 108
culturepositive 89(53%) of them were incubated and culture positive and 62 (30.6%) were non
incubated and culture positive. There is an association between Incubation and microbial growth
AOR of p= 0.01§Table 6)

Mode of delivery, premature rupture of membrane, history of maternal fever, and neonatal body
weight (in kg) during delivery do not have an association with positive blood culture. The normal
range of body weight i2500g- 45009g. The average body weight in this study #39.05g with

a standard deviation of 771.15 a minimum weight was 800 and a maximum weight was 6502g. Of
the total 86 low birth weigst 51% (44/86) were culturpositivewhile 45% (64/142) of normal

body weight were culturpositive and noneof (0/2) high birth weights wereulturepositive

(Table 6)
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Table 6: Sociocdemographic characteristics and clinical historyB&i suspected patients with

blood culturepositive results crude and adjusted odds ratibA&H n=1486

Variables Culture results in N(%)  Bivariate regression analysis Multivariate regression
analysis
Negative  Positive P-value COR(95%CI) P-value AOR (95%ClI)

Age of participants

Birthto 1 mo 122(53.3%) 107(46.7%) <0.001 3.571(2.4766.162) <0.001 3.96(2.0267.738)
>1-<24 mont 137(67.2%) 67(32.8%) 0.001 1.991(1.3452.947) <0.001 3.237(2.04%.128)
02-<06 years 137(71.7%) 54(28.3%) 0.024 1.605(1.06€2.416) 0.002  2.035(1.2923.206)
06-<13 years 147(76.6%) 45(23.4%) 0.309 1.246(0.8161.905) 0.104 1.479(0.922.368)
13<19years 81(77.1%) 24(22.9%) 0.484 1.206(0.7132.040) 0.128 1.555(0.8812.745)
19-<45 years 285(80.3%) 70(19.7%) O

45<65 years 113(76.9%) 34(23.1%) 0.391 1.225(0.7761.948) 0.318 1.288(0.7842.114)
>65 years 47(74.6%) 16(25.4%) 0.306 1.386(0.7422.589) 0.594  1.205(0.6072.391)

Department of Followip

Medical 573(78.7%) 155(21.3%) O

Emergency 52(73.2%) 19(26.8%) 0.288 1.351(0.7762.352) 0.024  2.011(1.0983.686)
MICU 48(65.8%) 25(34.2%) 0.013 1.925(1.1568.222) 0.076 1.651(0.94%.874)
NICU 87(48.9%) 91(51.1%) <0.001 3.867(2.743.451) 0.002  2.638(1.4234.890)
G.Surgery  28(60.9%) 18(39.1%) 0.006 2.376(1.2814.410) 0.044  2.015(1.0183.989)
sicu 14(41.2%) 20(58.8%) <0.001 5.281(2.60810.695) <0.001 6.823(3.11214.96)

Gyn&Obs  2(66.7%) 1(33.3%) 0.617 1.848(0.16720.518) 0.502  2.456(0.17833.951)
Gynecology 6(75.0%) 2(25.0%) 0.799 1.232(0.2465.165) 0.177  3.201(0.59217.313)
Oncology ~ 25(80.6%) 6(19.4%) 0.796 0.887(0.358.201) 0.735 0.847(0.3252.212)
Hematology 229(74.8%) 77(25.2%) 0.174 1.243(0.9091.700) 0.874  1.03(0.7131.488)
Orthopedics  3(60.0%)  2(40.0%) 0.325 2.465(0.40814.879) 0.346  2.594(0.35818.811)

Others 3(75.0%) 1(25.0%) 1
Inpatient, Length of admission
1-2 days 443(76.6%) 135(23.4%) 0.008 0.341

3-4 days 157(73.7%) 56(26.3%) 0.393 1.17(0.8161.679)  0.969  1.008(0.6771.501)
5-6 days 109(67.3%) 53(32.7%) 0.016 1.596(1.0912.335) 0.24  1.29(0.8431.975)
7-8 days 104(69.3%) 46(30.7%) 0.066 1.451(0.97&2.159) 0.296 1.27(0.8111.987)

>9 days 256(66.8%) 127(33.2%) 0.001 1.628(1.2222.169) 0.062  1.402(0.9832.001)
ICU Admission

No 903(76.2%) 282(23.8%) O

Yes 166(55.1%) 135(44.9%) <0.001 2.604(2.0013.389)

Body Temperatura °c

<36.0 78(64.5%) 43(35.5%) 0.186 1.523(0.8172.838) 0.238  1.495(0.7662.919)
36.0-36.5 35(70.0%) 15(30.0%) 0.673 1.184(0.54.593) 0.78 1.13(0.4802.661)
36.637.5 58(73.4%) 21(26.6%) O 0

37.638.0 327(83.8%) 63(16.2%) 0.029 0.532(0.302938) 0.354  0.748(0.4061.380)
>38 571(67.5%) 275(32.5%) 0.282 1.33(0.7912.236) 0.013  2.064(1.1653.659)
History of using the instrument during meal care

No 510(82.4%) 109(17.6%) O 0

Yes 559(64.5%) 308(35.5%) <0.001 2.578(2.009.308) <0.001 1.988(1.493646)
History of using NG tube

No 537(65.2%) 286(34.8%) O

Yes 22(50.0%) 22(50.0%) 0.042 1.878(1.022449)

History of having a chronic illness
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No 346(66.0%) 178(34.0%) O 0

Yes 723(75.2%) 239(24.8%) <0.001 0.643(0.509.811) 0.027  1.503(1.0482.156)
History of having wound infection on the skin

No 712(75.7%) 228(24.3%) 0

Yes 11(50.0%) 11(50.0%) 0.009 3.123(1.336298)

History of havingureteral tract infection

No 703(76.2%) 220(23.8%) 0

Yes 20(51.3%) 19(48.7%) 0.001 3.036(1.591791)

History of having respiratory tract infection

No 663(76.0%) 209(24.0%) 0.002

Yes 60(66.7%) 30(33.3%) 0.052 0.63(0.3961.004)

The educational level dhefamily

llliterate 19(61.3%) 12(38.7%) O 0.204 0.417(0.1081.610)

Read& write  48(71.6%) 19(28.4%) 0.307 0.627(0.2561.537) 0.021  0.23(0.066.799)
Prim. School  30(53.6%) 26(46.4%) 0.488 1.372(0.5623.353) 0.242  0.476(0.1371.651)
Seco school 20(32.8%) 41(67.2%) 0.01  3.246(1.321975)  0.916  1.07(0.3083.720)
High Educatio 5(33.3%)  10(66.7%) 0.081 3.167(0.868..551)  0.003

History of incubation

No 43(69.4%) 19(30.6%) O 0.003

Yes 79(47.0%) 89(53.0%) 0.003 2.55(1.373.735) 0.013  2.318(1.1944.500)
Premature rupture of membrane

>18 hours 31(68.9%) 14(31.1%) 033 O 0.137

<18 hours  81(50.9%) 78(49.1%) 0.035 2.132(1.0554.309) 0.118 1.809(0.8613.804)
No rupture  10(38.5%) 16(61.5%) 0.014 3.543(1.28%9.739) 0.059  2.904(0.9588.802)

COR: Crude odds ratio, AOR: Adjusted odds ratio, Cl: Confidence interval
Valuesin bold are statistically significant.

4.1.4. Antimicrobial Resistance of Blood Culture

Among the total 26ommonly used antibiotics against Grambacteria 25 fdEnterobacteriaceae
16 for Acinetobacter, and 12 f®seudomonawere used for the antimicrobial susceptibility test
according to CLSI 2018 standa®imong allgramnegative bacterje® of them were resistant to
more than 50% of commonly used antibiotithe percentag®f drugresistancef gramnegative
bacteriafrom commonlyusedantibioticswas as followsS. marcescenaccountss2/76(68.4%),
Acinetobacterspp 489/750(65.2%), K. pneumonia€l152/1797(64.1%)E. coli (A-D) 165/274
(60.2%), E. cloacae 21/38 (55.3%), K. oxytoca 370/675 (54.8%), E. coli 519/950 (54.6%),
Klebsiella rhinoscleromatis(K. rhinoscleromatiy 53/100 (53.0%), Morganella morganii (M.
morganii) 22/44(50.0%),Proetusmirabilis (P. mirabilis) 23/48(47.9%),Providencia rettger{P.
Rettgeri) 16/44 (36.4%), Citrobacter diversus (C. diversug 45/125 (36.0%), Enterobacter
aerogenes(E. aerogenep 6/19 (31.6%), Klebsiella ozaenae (K. ozaenag 23/75 (30.7%),
Pseudomonaspp15/60(25.0%)Enterobacter agglomeran& (agglomerany12/50(24.0%),and
Salmonella typh{S.typhi) 0/25(0.0%)(Table7).
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Table 7: Frequencie®f gramnegativebacterialspeciesandtheir AST patternfrom blood culturesof bloodstream infectiopatients

attendedat TASH n=231
c

8 % % 8 Q © § = (%) (%) § Q g g
Bacteria 3 -rgf £ < g 8 'é:g:w S 5 o g S g E |5 |_ x
dentifed 8.5 |B |8 |8 |3 S| |E |8 |2 |8 |8 |348 |8]%

v | <& | ¥ i i i i v S| S B la |6 |u | 2w v |8

Total |n=4 n=47 n=75 n=11 n=2 n=27 n=38 n=4 |n=2 n=2 [|n=2 |n=5 |h=1 =3 n=5 |h=2 |n=1 |n=231

Ampicillin R(%R) NA NA NA 11(100) NA 26(96.3) [38(100) [3(75) |[NA 2(100) NA  4(80) [NA  [3(100) NA [1(50) [0(0) [B88(94.6)
Tetracycline R(%R)|4(100)|NA 72(96) |11(100)[2(100) |25(92.6) 37(97.4) 2(50) | 2(100)|NA NA 4(80) [1(100)|3(100) NA [2(100)[0(0) |165(94.3
Amp-Sulbactam|R(%R) [NA 40(85.1)[75(100) [10(90.9)INA 26(96.3)[37(97.4)[3(75) [1(50) [2(100) [2(100)[5(100)|]NA  3(100) INA [2(100)|0(0) [206(94.1)
Cefuroxime R(%R) NA NA 75(100) [11(100) [NA 23(85.2)133(86.8) 3(75) [NA 1(50) [2(100)2(40) [NA [3(100) INA [2(100)0(0) [155(91.2)
Augmentin R(%R) NA NA 70(93.3) [10(90.9) NA 23(85.2)133(86.8) 3(75) [NA 2(100) NA 5(100)NA  [1(33.3)[NA |0(0) |0(0) [147(87.5)
Doxycycline R(%R) NA 41(87.2) INA NA NA NA NA NA  [NA NA NA NA INA INA NA |INA |NA 41(87.2)
Tri-sulfamethoxdR(%R) 14(100) |36(76.6) [69(93.2) {10(90.9) 2(100) 25(92.6) [32(84.2)|2(50) | 1(50) [2(100)[2(100)3(60) |0(0) [3(100) NA |1(50) |0(0) [192(85.3)
Cefotaxime R(%R)4(100) |43(91.5)[70(93.3) [9(81.1) [1(50) [23(85.5)]27(71.1)|2(50) [1(50) [1(50) [2(100)[2(40) |1(100)[1(33.3)]NA [1(50) |0(0) [188(83.2)
Ceftriaxone R(%R)4(100) |42(89.4)[71(94.7) 19(81.8) [1(50) [21(77.8)128(73.7)|2(50) [1(50) [1(50) [1(50) [2(40) |1(100)[1(33.3)]NA [1(50) |0(0) [186(82.3)
Ceftaroline R(%R)[2(50) |NA 71(95.9) 8(80.0) |1(50) [23(85.2)[28(73.7)|2(50) |1(50) [1(50) [2(100)[2(40) |1(100)[1(33.3)[NA [1(50) |0(0) [144(81.4)
Cefepime R(%R)[3(75) [36(76.6)169(92) [9(81.8) [1(50) [23(85.2)25(65.8)|2(50) [1(50) [1(50) [1(50) [2(40) |0(0) [0(0) [2(40) |0(0) [0(0) [175(75.8)
Aztreonam R(%R)4(100) INA 68(90.7) 8(72.7) |1(50) [18(66.7)[26(68.4)|2(50) |1(50) [1(50) [1(50) [2(40) 10(0) [1(33.3)/3(60) |0(0) |0(0) [136(73.9)
Ceftazidime R(%R) 4(100) [32(68.1)169(92) [9(81.8) |1(50) [18(66.7)126(68.4)|2(50) [1(50) [1(50) [0(0) [2(40) [0(0) [1(33.3)|1(20) 1(50) [0(0) [168(72.7)
Gentamycin R(%R)3(75) [26(56.5)160(80) 6(54.5) |1(50) [20(74.1)[16(42.1)|2(50) [1(50) |1(50) |0(0) [0(0.0) |0(0) [1(33.3)|1(20) |0(0) |0(0) [138(60.0)
Ciprofloxacin  |R(%R)2(50) [25(53.2)[50(66.7) {10(90.9) 1(50) [10(37.0)24(63.2)2(50) [2(100) 0(0) [0(0) [2(40) |0(0) |0(0) |0(0) |0(0) |0(0) [128(55.4)
ChloramphenicaR(%R) 3(75) |NA 42(56) 2(18) 1(50) [19(70) [10(26) |[2(50)|1(50) [1(50) |2(100)1(20) [1(100)0(0) |NA [0(0) [0(0) |85(47)
Pip-TazobactamR(%R) 2(50) [27(57.4)136(48) [7(63.6) |1(50) [7(25.9) [21(55.3)|2(50)[1(50) 0(0) [0(0) [1(20) |0(0) |0(0) |2(40) |0(0) |0(0) [107(46.3)
Tobramycin R(%R)|2(50) |24(52.2)41(54.7)|3(27.3) |1(50) [10(37) [8(21.1) |1(25)|0(0) 0(0) [0(0) [1(20) |0(0) 0(0) |0(0) |0(0) 0(0) [91(39.6)
Cefoxitin R(%R) NA NA 31(41.3) [3(27.3) |NA 7(25.9) [15(39.5)3(75) [1(50) [1(50) [0(0) [3(60) INA  [1(33.3)|0(0) |0(0) |0(0) |65(37.8)
Levofloxacin R(%R)|2(50) [19(40.4)21(28.4) |9(81.9) |1(50) [4(14.8) |23(60.5)2(50) [1(50) 0(0) [0(0) [1(20) 0(0) 0(0) |0(0) |0(0) |0(0) 183(36.1)
Doripenem R(%R) 2(50) [30(63.8)20(26.7) [2(18.2) [2(100) 5(18.5) [7(18.4) [2(50) [1(50) |1(50) [0(0) [0(0) [0(0) [0(0) [2(40) |0(0) 10(0) [74(32.0)
Meropenem R(%R)2(50) [28(59.6)[15(20) [2(18.2) |1(50) 3(11.1) 14(10.5) [2(50) [1(50) |1(50) [0(0) [0(0) [0(0) [0(0) [2(40) |o(0) |0(0) |b1(26.4)
mipenem R(%R)[1(25) [22(46.8)[17(22.7) 2(18.2) |1(50) 3(11.1) 3(7.9) [2(50) [1(50) [1(50) [1(50) |0(0) [0(0) [0(0) [2(40) |0(0) |0(0) |56(24.2)
Cefotetan R(%R) NA NA 19(25.3) [2(18.2) |NA 4(14.8) [12(31.6)2(50) [1(50) [1(50) |0(0) 0(0) INA 0(0) |NA [(0) [0(0) 41(23.8)
Ertapenem R(%R)3(75) [NA 18(24) [2(18.2) |1(50) 14(14.8) |5(13.2) 2(50) |1(50) 1(50) |0(0) O(0) [1(100)P(O) |INA 0(0) 0(0) |38(21.2
Amikacin R(%R)[1(25) [18(38.3)13(4) 0(0) 0(0) |0(0) 1(2.6) [1(25) 0(0) 0(0) |0(0) [1(20) |0(0) P(O) 0(0) |0(0) [0(0) [25(10.8)
Total DR R(%R) [52(68.4)489(65.2)|1152(64.1]165(60.2)[21(55.3)[370(54.8)(519(54.6)[53(53) [224(50) [238(4) [164(36)45(36) [6(31.6)[23(30.7)|L5(25)[12(24) [0(0) [2983(57.9)

Intrinsic-resistandrugswerenotincludedaccordingto the CLSI 2018Standard.
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Ampicillin was the most resisted drug8g/93(94.6%); whereagymikacin, 25/231(10.8%), was the

least resisted (Table 73. marcescensas 100% resistant for CTX, CRO, CAZ, ATM, and 75%

for FEP. Acinetobacter spp were resistant to CTX, FEP, and CAZ at the levels of 91.5%, 89.4%,
76.6%, and 68.1%, respectiveky. pneumoniaevasresistant ta€CTX, CRO, FEP, and CAZ at the
levels of 93.3%, 94.7%, 92%, and 92%.coli (A-D) were81.1%resistant taCTX, and 81.8% for

CRO, FEP, and CAZ. oxytocaresistant to CTX 85.5%, CRO 77.8%, FEP 85.2%, G&Z %,

andE. coliresistant taCTX 71.1%, CRO 73.7%, FEP 65.8%, CAZ 68.4Pable 7).

Among the WHO global priority list, Carbapenassistantin Acinetobacter sppvere about
30(63.8%), CarbapenennesistantPseudomonas spwere 40% (2/5), CarbapeneamsistantK.

pneumoniaevere about 20(26.7%),"%generation cephalosporiesistantk. pneumoniaevere
71(94.7%) Carbapenenmnesistant. coliwere 7(18.4%); and®Bgeneration cephalosporiesistant
E. coli28(73.7%) (Table 7).

4.2. Multidrug Resistance inGram-Negative Bacteria

4.2.1. Prevalenceof Multidrug Resistance

In this study, MDR organismswerehighly prevalentespeciallyin gramnegativeorganismsAs
shownin Figure 6 among233 gramnegativeorganisms222(95.36) were multi-drug resistant
and11(4.7)werenot. Of thetotal gramnegativeorganisms130(55.86) wereMDR, 75 (32.2%6)
were XDR, and17(7.3%0) were PDR accordingto the Megiorakosclassification(Magiorakoset
al., 2012 (Figure6).

Drug resistance catagory by MDR, XDR, and PDR
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Figure 6: MDR categoryin bloodstreamnfection
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Whenwe lookedatthetypeof pathogenshatwereeitherMDR or XDR thelargemajority of them
wereK. pneumoniagAcinetobactespp,E. coli, andK. oxytoca(Figure7). Thelargemajority of

PDR pathogensvereAcinetobactespp

Drug resistance catagory Versus bacteria spices
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Figure 7: Drugresistance&ategoryin gramnegativebacteria

The highest percentage of drug resistance was found in neonates and children. Among the total
drug resistance bacteria, 148(66.67%) of them were identified in pabelots six yearsand
from the total of 17 PDR bacter8.29% of them were among thge of < 28 day§-igure8).

This finding shows children especially neonates were highly affected byrekisgant bacteria.

Age of respondent versus MDR category
40

30

20

10
0 . . . [ - [ | [ |
Birthto1l >1-<24 02-<06 06-<13 13-<19 19-<45 45-<65 65-<80
month  months  years years years years years years

ENo DR% mMDR% = XDR% ®PDR%

Figure8: MDR Category in the different age groups of participants fobmodstream infection
suspected patients.
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4.2.2. Multi -Drug Resistance in GramNegative Bacteria

Multi-drug resistancgramnegative bacteriand factos associatevith MDR were analyzewith

a total of 231(54.1%Qramnegative bacteridn this study,the majority of gramnegative bacteria
swereMDR. Among231gramnegative bacterj®22(96.1%)f themwereMDR, and9(3.89%)
of themwerenot MDR. In the drug resistanceategory 130 (56.28%)were MDR, 75(32.47%)
were XDR, and 17(7.36%) were possible PDR according to Megiorakos classification
(Magiorakoset al.,2012.

The most prevalent among MDR gramnegative bacteriavere K. pneumoniag45(34.62%)
p=<0.001,E. coli, 25(19.23%)p=<0.001, anK. oxytoca 17(13.08%)p=0.001;and among 17
PDR isolatesthe dominant bacterial spp wedcinetobacter sppl3(76.47%) p=0.006K.
pneumoniag2(11.76%),S. marcescend(5.88%), an. rhinoscleromatis1(5.88%) (Table).

Table 8: Gramnegativebacteriaassociatedvith multidrugresistanceategoryfrom bloodstream

infection patientsn=231.

Drug resistance categolies of Prevalence Bivariate regressionanalysis
MDR, XDR, PDR N % P-value COR(95%CI)
MDR K. pneumoniae 45 34.62% <0.001 63.578(6.262645.542)
E. coli 25 19.23% <0.001 76.825(6.758873.342)
K. oxytoca 17 13.08% 0.001 70.044(5.631871.247)
Acinetobactespp 16 12.31%
E. coli(A-D) 8 6.15%  0.003 96.384(4.9241886.795)
C. diversus 5 3.85% 0.018 235.086(2.5921377.56)
XDR K. pneumoniae 28 37.33% 0.004 74.164(3.8851415.636)
E. coli 12 16.0% 0.011 53.527(2.4831153.824)
K. oxytoca 9 12.0% 0.011 59.122(2.5461373.146)
Acinetobactespp 15 20.0% 0.073 54.556(0.6914308.650)
E. coli(A-D) 3 4.0% 0.047 41.937(1.0521673.475)
PDR Acinetobactespp 13 76.47% 0.006 9005.7(13.56023435.7)
K. pneumoniae 2 2.7%
K. rhinoscleromés 1 25.0%
S marcescens 1 25.0%

Among 130 MDR bacteria, the majority, 103(79.23%) belongéd fmeumoniagAcinetobacter

spp E. coli, andK. oxytocaat the rates of 45(34.62%), 16 (12.31%), 25 (19.23%), and 17(13.08%),
respectively. Among 75 XDR bacteria, the majority, 64(85.33%), were coveteddoygumoniage
Acinetobacter spiE. coli, andK. oxytocaat the rates of 28(37.33%), 15(20.0%), 12(16.0%), and

53



9(12.00%), respectively. This result shows from the total 222 drug resistance bacteria 199(89.64%)
of MDR, XDR, and PDR were covered Ilebsiella spp E. coli spp and Acinetobacter spp
accouning for107(48.20%), 48 (21.62%), and 44 (19.82%) respectively. Among 17 Possible PDR
bacteria, 15(88.24%), werecinetobacter spandK. pneumonia@accounted for 13(76.47%) and
2(11.76%), respectivelfTable9).

Table 9: Gramnegativebacteriaand their drug resistancecategoryof bloodstreaminfection

suspectegatientsn=231

Bacteria MDR XDR PDR Total Species
identified N % N % N % N % N&%

K. pneumoniae 45 34.62% 28 37.33% 2 11.76% 75 33.78% 107(48.2%)
K. oxytoca 17 13.08% 9 12.00% 0O 0.00% 26 11.71%

K. ozaenae 3 231% 0 000% O 0.00% 3 1.35%
K.rhinoscleroma 1 077% 1 133% 1 588% 3 1.35%

E. coli 25 19.23% 12 16.00% O 0.00% 37 16.67% 48(21.62%)
E. coli (A-D) 8 6.15% 3 400% O 0.00% 11 4.95%
Acinetobactespp 16 12.31% 15 20.00% 13 76.47% 44 19.82% 44(19.82%)
Total 199(89.64%)
E. cloacae 1 077% 1 133% 0 0.00% 2 0.90% 5(2.25%)
E. agglomerans 2 154% 0 0.00% 0 0.00% 2 0.90%

E. aerogenes 1 077% 0 000% O 0.00% 1 0.45%

C.diversus 5 38% 0 000% O 000% 5 225% 5(2.25%)
S.marcescens 2 154% 1 133% 1 588% 4 1.80% 4(1.80%)
Pseudomonaspp O 0.00% 3 400% O 0.00% 3 1.35% 3(1.35%)
M. morganii 1 077% 1 133% 0 0.00% 2 0.90% 2(0.90%)
P. mirabilis 1 077% 1 133% 0 0.00% 2 0.90% 2(0.90%)
P. rettgeri 2 154% 0 0.00% O 0.00% 2 0.90% 2(0.90%)

Total 23(10.36%)
Total 130 100% 100% 100% 222 100% 222(100%)

\l
a1
=
\l

MDR: Multidrug resistanceXDR: ExtensivelydrugresistantPDR: Pandrugresistant.
4.2.3. Factors Associated withMDR Gram-Negative Bacteria

Among 41 7culturepositive individuals226(54.2%) and 191(45.8%) wegeamnegative bacteria

and grampositive bacteriarespectively. Excluding on€orynebacterium gleunand oneN.
meningitis isolated patient 224(53.72%) individuals were culpositive for gramnegative
bacteriaand of them 9(3.89%) were not MDR isolates. Therefore, 215(51.56%) patients who
acquired MDRgramnegative bacteriavere analyzedo determinethe associated factors. The

bacterial species with maximum drug resistance were selected for associated risk factors.



Among the total 215 drugesistant grarmegative bacteridrug resistance gramegative bacterja
152(70.70%)were identified as below thirteen years. The highest amount of MDR recorded in the
age group of inth to <28 days accounted f@4(32.3%) and the second in the age group of >1
<13 yearsaccounted for 78(13.3%) (Figu&. Among the total 17 PDR, 8%.3%) of them were
found at theage of <28 daysMultivariate analysis showed that the highest percentage of drug
resistance was found in neonates <28 days with AOR p= 0Ta®ie( D). This finding showed

that neonates were highly affected lklyugresistant gramnegative bacteriabloodstream

infections.

Age of participant Vs MDR catagory

>45 years 7.14% 4.29% [B.95%
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Figure 9: Drug resistance categomglatingto agein gramnegative bacterirom bloodstream

infection-suspectegatients

When we look at the prevalence of MDR bacteria in the 25 wards B6 (NICU), B7 (pediatrics
medical & surgical), B4 (pediatrics & adult SICU, MICU), C7 (Pediatrics Medical), and D7 (Pedi
Hematology were the top five most affected ward&gure 10). Among the total of 215, MDR

and Above MDRgramnegative bacterig6 (NICU) accounted for2 (36.92%), COR p=<0.001.
Among thetotal 72 drugresistant bacteri®iDR was 49 (25.13%), XDR was 18(9.23%), and PDR
was 5(2.56%})vere the most vulnerable areas for dragistant bacteria. The second vulnerable
ward wasB7 (pediatrics medical & surgicaticcounting fod0(24.39%) COR p=0.001; and of this
MDR gramnegative bacteriaMDR was 3(7.32%), XDR was 6(14.63%), and PDR was 1(2.44%)).
The third vulnerable ward wa4(pediatrics & adult SICU, MICUgaccounting for 22(18.49%)
COR p=0.002, MDR gramegative bacteria. AmongdkeMDR gramnegative bacterjaeach
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accounted for MDR 7(5.88%), XDR 10(8.40%), and PDR 5(4.2%). There is hundgén of MR

in C/W and EOPDThe MDRin C/W were32(9.08%)ach accounted fédDR 21(5.95%), XDR
10(2.83%), and PDR 1(0.28%), and EORBre 18(8.1%)each accounted f&WiIDR 13(5.86%),

XDR 4(1.80%), PDR 1(0.45%), no statistical association was observed with MDR prevalence
COR p=0.425 (Table@ Figure10). Among the total 17 PDR, the top two wards, B6 and B4,
accounted for 5(29.4%) and 5(29.4%), respectiviglys,in ICU both pediatrics and adult were

affected by pardrugresistant strains.

Admission ward versus MDR Prevalence

Other 3.59%

EOPD NEESITE7 L . 80%0.45%
BS5 EE 5.66% I 39%
C/W NEECE7I 2 83%0).28%
D8 4.05%

D7 5.56% = W.69%

C7 4.84% IBI28YE

B4 8.40% 1 4.20% |

B7 14.63% 2.44%

B6 9.23% 2.56%

0.00% 5.00% 10.00%  15.00%  20.00%  25.00%  30.00%  35.00%  40.00%

ENo DR% mMDR% = XDR% m=mPDR%

B6, NICU; B7, pediatricamedical& surgical;B4, pediatrics& adultSICU, MICU; C7,Pediatrics
Medical; D7, Pedi Hematology;D8, Medical; C/W, Causality;B5, Medical & Neurosurgery;
EOPD,Emergencyutpatientdepartment

Figure 10: Drug resistance categorglatedto admissionward in gramnegative bacteriérom

bloodstream infectiosuspected.

Percentage prevalence and multivariate logistic regression analysis showed that NICU,
63(35.39%)A0OR p=0.027,SICU, 10(29.41%)AO0OR p=0.001, and general surgety, (23.91%)
AOR p=0.023, departments were the most vulnerable areas for MDR infecliois finding
aligned with ward results and it implies that ICU patients have a high chance of acquiring MDR

bacteria84(39.07%). ICU with general surgeagcounted fo05(44.19%).Univariate analysis
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showed a strong association with MDR bacterial infectprs0.001 (Table @). Next to ICU
patients, general surgery patients were highly exposed to XDR and PDR infection (E)gure 1

Department versus drug resistant catagory

Others EEEEENTONoloL7 M

Emergency IENELIZME2.82%
Medical EENGNOZL7MN3.16% 0.55%
Hematology " IENAZZEL7MEE  4.92% 1 0.33%
MICU 6.85% 6.85%  EM37%
G. Surgery 19.57% [ 4.35% |
SICU IR 11.76% T 1176%
NICU 8.43% 2.81%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00%

No DR% mMDR% = XDR% mPDR%

Figure 11: Prevalencedrug resistance categoiyf gramnegative bacteriavith the patient

admissiordepartmentsrom bloodstream infectiosuspecteghatients

Regarding the association of length of admission with 215 IgfaRynegative bacteriadentified
bloodstream infectiopatients, the majority, 118(54.9%), were admittedniarethan five days
(Figure 2). Univariate logistic regression analysis showed patients admitted for greater than five
days have ondalf folds of acquiringoloodstream infectiolof MDR, XDR, and possible PDR
gramnegative bacteribloodstream infectio@OR p=0.015(Table D).

Length of admission Vs MDR Catagory
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Figure 12 Drug resistance categowith thelengthof admissionn gramnegative bacterikom

bloodstream infectiosuspectegatients

As observed in FigureZithe prevalence of XDR and PDR increases when the length of admission
increases. Patients who have an infection within less tham248ours of admission were
consideredo be exposed to communiicquired infections; as you see in the graph also, there are

no possible PDR patients in less than 48 hours of admission.

Antibiotic treatment beforéendays of sample collectiolGOR p=0.019has an association with

the prevalence of MDR bacteria (Tabl@).JAmong 215 MDR bacterial infection$73(80.46%)

of them used instrumentation during medical care, and 42(19.53%) of them were not used, AOR
p=<0.001 (Figure 3and Table @). This implies that the usage of indwelling medical devices has

more than double the chance of exposure to Miiedstream infectian

= PDR
XDR

= MDR

= No DR

[EnY
NDB OO
OO OOOo

(2]

a1

No Yes

History of instrument usage during med care

Figure 13 Drug resistance categowmyith indwelling medical device usagein gramnegative

bacteriafrom bloodstream infectiorsuspectegbatients.

Among nosocomial infections causing suspected medical devices IV lines, drainage tubes, and NG
tubes have been associated with MDR prevaléhpire ¥). [V line anddrainage tube users

have more than a double chance of acquiring MDR and NG tube users have nearly double the
chance of acquiring MDR bacteristultivariate analysis showed thatdwhe users accounted for

21.2% and not users were 12.9% AOR P=0.029; drainage tube users accounted for 35.5% and not

users were 19.8% AOR P=0.033, likewise, NG tube users accounted for 34.8% and not users were

58



19.6% COR P=0.04Urinary catheter users accounted 28t6% and not users were 19.4ut

this does not have an associatwath MDR prevalence (TableQ).

Instrument usage Vs MDR infection
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Using intravenous line Using drainage tube Using NG tube Using urinary catheter

ENo DR% mMDR% = XDR% mPDR%

Figure 14: Drug resistance categocpncerningthe type of indwelling medicaldeviceusagen

granmnegative bacteritom bloodstream infectiosuspectegatients.

Among chronic ilinesses, people with wound infection (WI), ureteral tract infection (UTI), and
respiratory tract infection (RTI) showed more than three, five, andfdldoacquiring MDR
bloodstream infectio(Figure B). Of this, wound infection (Wlaccounted fo81.82%, not having

WI was 11.48% COR P=0.006, having ureteral tract infection (UTI) accounted for 41.03%, not
having UTI was 10.7% AOR P=<0 .001, and having respiratory tract infection (RTI) accounted
for 18.89% and not having RTI was 11.23% AOR P=0{02ble D).

Chronic lliness Vs MDR infection
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Figure 15: Typeof chronicillnessassociateavith MDR categoryin gramnegative bacteritom

bloodstream infectiosuspectegatients.

Concerning neonatabloodstream infectionneonatal incubation, premature rupture of the
membrane had thrdeld exposure to MDR infection and the mode of delivery had-ftwa
exposure to multidrug resistance bloodstream infe¢tagyure B). History of incubation38.1%,

had a double prevalence of MDRRamnegative bacterighan not having a history of neonatal
incubation, 16.1% AOR p=0.005. However, the prevalence of possible PDR bacteria in not having
a neonatal history of incubation was more than 5 times that of having neonatal incubation. Delivery
by cesarian section (8) at 43.8% had double the prevalence of normal vaginal delivery (NVD)

at 27.7% COR p=0.021. Among factors associated with MDR bacterial infeatiggmemature
rupture of membrane >18 houwgere 17.8%, <18 hours were 32.7%, and no rupture of the
membrane due to cesarian section was 53.8% during delivery, showing that both factors did not
show an association with MDR infection but no rupture of the membrane due to cesarian section
has an associatn with MDR prevalence AOR P=0.04 (Tabl@)1IMDR association with patient
admission ward in general surgery has a strong association with MDR prevalence. Surgical
procedures done in gynecology ath@ surgerydepartmentshowed a strong association with
MDR infection (Figures @and B).

Factor associated with infection of neonatal MDR BSI
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Figure 16. Factorsassociatedwith MDR categoryin gramnegative bacteriabloodstream

infectionsuspectedieonatapatients
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Table 10: Factorsassociateavith MDR prevalencerudeandadjustedoddsratio of bloodstream

infectionsuspectegatientsn=1486

Variables

Bacterial MDR

Bivariate logistic regression

Multivariate logistic

prevalenceN(%) analysis regressionanalysis
Positive Negative  P-value COR(95%C.1.) P-value AOR (95%C.1.)
Age of respondent
Birthto 1 month  74(32.3%) 155(67.7%) <0.001 3.379(2.05%6.544) 0.007 3.149(1.3767.209)
>1 month<13yrs 78(13.3%) 509(86.7%) 0.738 1.084(0.6751.743) 0.172 1.426(0.8572.371)
13-<45years 37(8%) 423(92%) 0.076 0.619(0.3641.052) 0.125 0.649(0.3731.128)
>45years 26(12.4%) 184(87.6%) O 0.141 0
Sexof respondent
Male 120(14.2%) 724(85.8%) 0.753 0.954(0.7131.277)
Female 95(14.8%) 547(85.2%) O 0.174
Typeof patient
In-patient 214(14.5%) 1259(85.5%) 0.495 2.04(0.26415.767)
Outpatient 1(7.7%) 12(92.3%) 0.017 0.083
AdmissionWard
B6(NICU) 72(36.9%) 123(63.1%) <0.001 7.573(4.21513.61) Duplicatedatawith ward
C/w 32(9.1%) 321(90.9%) 0.425 1.290(0.692.410)
B4(SICU,MICU) 22(18.5%) 97(81.5%) 0.002 2.934(1.47%.836)
D7(PediHemat)) 22(15.3%) 122(84.7%) 0.015 2.333(1.184.613)
EOPD 18(8.1%) 204(91.9%) 0.711 1.142(0.5672.30)
B7(Pedmed&surg) 10(24.4%) 31(75.6%) 0.001 4.173(1.73910.02)
C7(PediMedical) 10(16.1%) 52(83.9%) 0.035 2.488(1.0675.801)
D8(Medical) 8(10.8%) 66(89.2%) 0.323 1.568(0.6423.829)
B5(Med & Neusur 5(9.4%) 48(90.6%) 0.578 1.348(0.4713.859)
Other 16(7.2%) 207(92.8%) O 0.077
Patient Department
Medical 71(9.7%) 658(90.3%) O 0.108 0.017
Emergency 6(8.5%) 65(91.5%) 0.725 0.855(0.35&.045) 0.713 1.188(0.4742.975)
MICU 11(15.1%) 62(84.9%) 0.156 1.644(0.8283.266) 0.637 1.188(0.5812.429)
NICU 63(35.4%) 115(64.6%) <0.001 5.077(3.4287.52) 0.027 2.205(1.0934.451)
G. Surgery 11(23.9%) 35(76.1%) 0.004 2.913(1.4175.986) 0.023 2.479(1.133%.422)
SICU 10(29.4%) 24(70.6%) 0.001 3.862(1.77%8.401) 0.001 4.013(1.722.35)
Hematology 38(12.5%) 267(87.5%) 0.195 1.319(0.86&.005) 0.677 1.104(0.6941.755)
Others 5(10%) 45(90%) 0.952 1.03(0.3962.678) 0.809 0.885(0.328.385)
Length of admission
1-2 days 70(12.1%) 508(87.9%) 0.036 0.498
3-4 days 27(12.7%) 186(87.3%) 0.83 1.053(0.6551.694) 0.311 0.763(0.4521.288)
>5days 118(17%) 577(83%) 0.015 1.484(1.0722.041) 0.941 1.016(0.6761.526)
ICU admission
No 126(10.6%) 1059(89.4%) O 0.119
yes 89(29.6%) 212(70.4%) <0.001 3.528(2.5914.805) Duplicatedatawith ward
Body Temperature
<36.5 36(21.2%) 134(78.8%) O 0.269 0.655
36.637.5 14(17.7%) 65(82.3%) 0.527 0.802(0.4041.59) 0.381 0.701(0.3161.554)
>37.6 165(13.3%) 1072(86.7%) 0.007 0.573(0.3830.857) 0.477 0.731(0.308L.734)
Antibiotic treatment 10 days before sample collection
No 83(12.1%) 601(87.9%) O 0.138
Yes 132(16.5%) 670(83.5%) 0.019 1.427(1.0611.918) 0.15 1.315(0.9061.908)
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Instrument usage during medical care?

No 42(6.8%) 577(93.2%) O 0.073

Yes 173(20%) 694(80%) <0.001 3.425(2.4024.883) <0.001 2.466(1.6433.702)
History of usingamechanicaventilator

No 150(20.5%) 580(79.5%) O 0.259

Yes 23(16.8%) 114(83.2%) 0.313 0.78(0.4811.264)

Central vain catheter

No 169(20.3%) 663(79.7%) O 0.255

Yes 4(11.4%) 31(88.6%) 0.206 0.506(0.1761.454) 0.32 0.58(0.1981.697)
Urinary catheter

No 153(19.4%) 636(80.6%) O 0.241

Yes 20(25.6%) 58(74.4%) 0.19 1.433(0.8372.455) 0.151 1.526(0.8572.72)
Suctionmachine

No 150(20.1%) 596(79.9%) O 0.252

Yes 23(19%) 98(81%) 0.779 0.933(0.5721.519)

Tracheostomy

No 169(20%) 678(80%) 0 0.249

Yes 4(20%) 16(80%) 0.996 1.003(0.3313.039)

intravenoudine

No 11(12.9%) 74(87.1%) O 0.149

Yes 162(20.7%) 620(79.3%) 0.092 1.758(0.9123.389) 0.029 2.194(1.0834.444)
drainageube

No 163(19.5%) 674(80.5%) O 0.242

Yes 10(33.3%) 20(66.7%) 0.067 2.067(0.954.502) 0.033 2.449(1.0745.587)
shunt

No 171(19.9%) 690(80.1%) O 0.248

Yes 2(33.3%)  4(66.7%) 0.42 2.018(0.36711.11)

NG tube

No 159(19.3%) 664(80.7%) O 0.239 0 0.11

Yes 14(31.8%) 30(68.2%) 0.047 1.949(1.013.761) 0.099 1.77(0.8993.488)
Havingchronicillness

No 100(19.1%) 423(80.9%) O 0.236

Yes 115(11.9%) 848(88.1%) <0.001 0.574(0.4280.768) 0.041 1.646(1.0212.655)
RVI patient

No 114(12.4%) 809(87.6%) O 0.141

Yes 1(2.5%) 39(97.5%) 0.094 0.182(0.0251.337) 0.139 0.218(0.0291.642)
Diabeticpatients

No 112(11.9%) 830(88.1%) O 0.135

Yes 3(14.3%) 18(85.7%) 0.738 1.235(0.3584.26) 0.722 0.779(0.1963.098)
Hypertension

No 109(11.8%) 811(88.2%) O 0.134

Yes 6(14%) 37(86%) 0.678 1.207(0.498.925) 0.332 1.662(0.59%4.643)
Surgicalwoundinfections

No 111(11.9%) 824(88.1%) O 0.135

Yes 4(14.3%)  24(85.7%) 0.698 1.237(0.4213.632) 0.912 0.935(0.2843.082)
Woundinfectionon skin

No 108(11.5%) 833(88.5%) O 0.13

Yes 7(31.8%) 15(68.2%) 0.006 3.599(1.435%0.025) 0.188 2.051(0.7035.98)
Gastrointestinaihfection

No 114(11.9%) 840(88.1%) O 0.136

Yes 1(11.1%)  8(88.9%) 0.938 0.921(0.1147.432) 0.764 1.389(0.16211.®)

Ureteraltractinfection
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No 99(10.7%) 825(89.3%) O 0.12

Yes 16(41%) 23(59%) <0.001 5.797(2.96311.34) <0.001 5.59(2.63311.872)
Respiratonytractinfection

No 98(11.2%) 775(88.8%) O 0.126

Yes 17(18.9%) 73(81.1%) 0.035 1.842(1.0433.25) 0.027 2.146(1.0924.217)
Ischemic heart disease

No 102(12.6%) 709(87.4%) O 0.144

Yes 13(8.6%) 139(91.4%) 0.163 0.65(0.3551.191) 0.532 0.778(0.3541.71)
Coronaryarterydisease

No 115(12.2%) 827(87.8%) O 0.139

Yes 0(0%) 21(100%) 0998 0 0999 0

Stroke

No 115(12.1%) 834(87.9%) O 0.138

Yes 0(0%) 14(100%) 0999 O 0999 0
Diabetegnellitus

No 114(11.9%) 847(88.1%) O 0.135

Yes 1(50%) 1(50%) 0.157 7.43(0.462119.6) 0.998 185*109
Tuberculosis

No 112(12%) 822(88%) 0 0.136

Yes 3(10.3%) 26(89.7%) 0.788 0.847(0.2522.844) 0.879 1.104(0.3073.965)
Cirrhosis

No 114(12%) 834(88%) 0 0.137

Yes 1(6.7%) 14(93.3%) 0.533 0.523(0.0684.011) 0.74 0.703(0.08%5.642)
renalfailure

No 109(11.8%) 818(88.2%) O 0.133

Yes 6(16.7%) 30(83.3%) 0.376 1.501(0.6113.688) 0.478 1.445(0.5233.989)
HematologicMalignancy

No 63(11.9%) 465(88.1%) O 0.135

Yes 52(12%) 383(88%) 0.992 1.002(0.6781..482) 0.434 1.3(0.6732.511)
TissueSarcomas

No 99(11.8%) 741(88.2%) O 0.134 0 0.098

Yes 16(13%) 107(87%) 0.696 1.119(0.6361.971) 0.442 1.35(0.6282.903)
Neonates

The educational level of the family

lliterate 9(29%) 22(71%) 0.243 0.468(0.131.676) 0.652 0.724(0.178.942)
Readandwrite 8(11.9%) 59(88.1%) 0.004 0.155(0.0440.543) 0.014 0.188(0.0490.714)
PrimarySchool 16(28.1%) 41(71.9%) 0.175 0.446(0.1391.433) 0.404 0.58(0.1612.084)
Secondangchool 34(56.7%) 26(43.3%) 0.488 1.495(0.484.653) 0.424 1.647(0.4845.604)
HigherEducation 7(46.7%)  8(53.3%) 0.796 0.875 0

Placeof delivery

In hospital 74(33.5%) 147(66.5%) 0.999 8.13*108

At home 0(0%) 9(100%) 0999 O

history of incubation

No 10(16.1%) 52(83.9%) O 0.192

Yes 64(38.1%) 104(61.9%) 0.002 3.2(1.5196.74) 0.005 3.186(1.4197.151)
Mode of delivery

NVD 46(27.7%) 120(72.3%) O 0.383

C/s 28(43.8%) 36(56.3%) 0.021 2.029(1.1143.695) 0.46 1.322(0.632.776)
Gestationahge

>37weeks 41(29.5%) 98(70.5%) 0.283 1.36(0.7752.385)

<37 weeks 33(36.3%) 58(63.7%) O 0.418

Prematureuptureof membrane
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>18hours 8(17.8%) 37(82.2%) 0.01 0.12

<18hours 52(32.7%) 107(67.3%) 0.057 2.248(0.9775.17) 0.249 1.691(0.6924.135)
No rupture 14(53.8%) 12(46.2%) 0.002 5.396(1.82215.8) 0.04 3.725(1.06413.04)
Body weight range

Normal 36(29.8%) 85(70.2%) O 0.424

Low 38(35.5%) 69(64.5%) 0.354 1.3(0.7462.266)

High 0(0%) 2(100%) 0999 O

Maternalfever

No 65(31.1%) 144(68.9%) O 0.451

Yes 9(42.9%) 12(57.1%) 0.275 1.662(0.6674.138)

COR: Crudeoddsratio; AOR: Adjustedoddsratio; Cl: Confidenceinterval; MDR: Multidrug

resistance Valuesin bold arestatisticallysignificant.

4.3. Phenotyping Characterization

4.3.1. Antimicrobial Susceptibility Profile

4.3.1.1. AST for Screening ofESBL and CephamycinDetection

After this chapter phenotyping and molecular characterization were andlyzed total of

231(54.1%))gramnegative bactericAmong 231grannegative bacterim primary screening and

in confirmatory test&ESBL and AmpGBLs phenotypically identified were 188 (81.4%) and 81

(35.1%), respectively (Tablil). Among all,gramnegative bacteri&SBL suspected resistance

strains for Cefotaxime, Ceftazidime, Ceftriaxomed Cefepime accounted f@1.4%, 72.7%,

80.5%, and 75.8%, respectively and AmpC suspected resistance strai@efdoetan and
Cefoxitin accounted for 35.1% and 22.1%mong allKlebsiella penumonig 71(94.7%) and 31

(41.3%) were the highest resistant fextendeespectrum cephalosporin(Ceftriaxone) and

Cephamycin Cefotetan drugs n >5 (Table1).

Table 11: Phenotypicaldentification of ESBLs andAmpC-BLs producerbloodstream infection

bacterian=231.

Bacteria # Cefotaxime Ceftazidime Ceftriaxone Cefepime Cefoxitin Cefotetan

identified R R% R# R% R# R% R# R% R# R% R# R%
K. pneumoniae 75 70 93.3% 69 92.0% 71 94.7% 69 92.0% 31 41.3% 19 25.3%
Acinetobacter s 47 43 91.5% 32 68.1% 42 89.4% 36 76.6% 14 29.8% 14 29.8%
E. coli 38 27 71.1% 26 68.4% 28 73.7% 25 65.8% 15 39.5% 12 31.6%
K. oxytoca 27 23 852% 18 66.7% 21 77.8% 23 852% 7 259% 4 14.8%
E. coli(A-D) 11 9 81.8% 9 81.8% 9 81.8% 9 818% 3 27.3% 2 18.2%
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C. diversus 5 2  40% 2  40% 2  40% 2 40% 3 60.0% 0 0.0%
Pseudomonas s 5 NA NA 1 20% NA NA 2 40% 0 00% O 0.0%
K.rhinosclerome 4 2 50% 2 50% 2 50% 2 50% 2 50.0% 2 50.0%
S. marcescens 4 4 100% 4 100% 4 100% 3 75.0% 3 75.0% 2 50.0%
K. ozaenae 3 1 333% 1 333% 1 333% 0 00% 1 333% 0 0.0%
E. cloacae 2 1 50% 1 50% 1 50% 1 50% NA NA NA NA
E. agglomerans 2 1 50% 1 50% 1 50% 0 00% 1 50.0% 1 50.0%
M. morganii 2 1 50% 1 50% 1 50% 1 50% 1 50.0% 1 50.0%
P. mirabilis 2 1 50% 1 50% 1 50% 1 50% 0 00% 0 0.0%
P. rettgeri 2 2 100% 0 0.0% 1 50% 1 50% 0 00% 0 0.0%
S. typhi 1 0O 00% O 00% O 00% O 0.0% NA NA NA NA
E. aerogenes 1 1 100% O 0.0% 1 100% O 00% O 0.0% O 0.0%
Total 231 188 81.4% 168 72.7% 186 80.5% 175 75.8% 81 35.1% 51 22.1%

NA- Not applicablebecause of intrinsically resistant speciesrdistant
4.3.1.2. AST for ScreeningCarbapenemResistant Detection

The number of drugesistant strains to carbapenem and MBL ehegjstance strains was
74(32.0%);each accounted for Meropendsi(26.4%) Imipenem56 (24.2%) Doripenem74
(32.0%) andErtapenem38 (16.5%).However, during the confirmatory testings9(29.9%)
carbapenem and Metallo bd&ctam drug resistance strains were selecteth®PCR testThe
highest carbapenem drurgsistage was detected inAcinetobacter sppwith 28(59.6%)
Meropenem and 30(63.8%) Dpenem (Table 2).

Table 122 Phenotypical identification o€arbapenemasesd metallobetalactamaseroducer

bloodstream infectiobacterian=231.

Bacteria identified # Meropenem Imipenem  Doripenem Ertapenem All Average
R# R% R# R% R# R% R# R% R# R%

K. pneumoniae 75 15 20.0% 17 22.7% 20 26.7% 18 24.0% 17.5 23.3%

Acinetobacterspp 47 28 59.6% 22 46.8% 30 63.8% NA NA 26.7 56.7%

E. coli 38 4 105% 3 79% 7 18.4% 5 13.2% 4.8 12.5%
K. oxytoca 27 3 11.1% 3 11.1% 5 185% 4 148% 3.8 13.9%
E. coli (A-D) 11 2 182% 2 182% 2 182% 2 18.2% 2.0 18.2%
C. diversus 5 0O 00% O 00% O 00% O 0.0% 0.0 0.0%

Pseudomonas spp 5 2 40% 2 40% 2 40% NA NA 2.0 40.0%
K. rhinoscleromatis 4 2 50% 2  50% 2 50% 2 50% 2.0 50.0%
S. marcescens 4 2  50% 1 25.0% 2 50% 3 75.0% 2.0 50.0%
K. ozaenae 3 0O 00% O 00% O 00% O 0.0% 0.0 0.0%

E. cloacae 2 1 50% 1 50% 2 100% 1 50% 1.3 62.5%
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E. agglomerans 2 0 00% 0 00% O 0.0% 0 0.0% 0.0 0.0%

M. morganii 2 1 50% 1 50% 1 50% 1 50% 1.0 50.0%
P. mirabilis 2 1 50% 1 50% 1 50% 1 50% 1.0 50.0%
P. rettgeri 2 0O 00% 1 50% O 00% O 0.0% 03 12.5%
S. typhi 1 0O 00% O 00% O 00% O 0.0% 0.0 0.0%

E. aerogenes 1 0 00% 0 00% O 0.0% 1 100% 0.3 25.0%
Total 231 61 26.4% 56 242% 74 32.0% 38 16.5% 57.3 24.8%

Out of the total 231gramnegative bacteria ESBLCarbapenemase, AmggL, and MBL
producers accounted f&@2.8%, 25.1%, 14.3%, and 5.6%&spectively Most K. pneumoniae
(77.3%) and K. oxytoca(77.8%) were ESBL producers; likewise, mostcinetobacter spp
(53.2%)werecarbapenemase producers

4.3.1.3. Confirmatory Result for ESBL And AmpC

Phenotyping confirmatory tests done by DDST, CDT, axidsE reduced screening results from

188 (81.4%) andB1(35.1%)to 122(52.8%)and 33(14.3%) for ESBL and AmpC, respectively.
Confirmatory test results showed that the highest bacterial ESBL prevalence result had a little bit
of difference from primary screening it showkd oxytoca,21(77.8%99, was dominated b¥.
pneumoniaewith 58 (77.3%) strains exhibiting the resistance. Similarly, AmpC E. coli,
8(21.1%), comes ahead dfcinetobacter sp® (19.1%). After confirmatory testing. oxytoca,
21(77.8%), K. pneumoniae58(77.3%), andE. coli (A-D), 7(63.6%), were the leading ESBL
producers; among Amp8Ls E. coli, 8(21.1%), Acinetobacter sp® (19.1%), andK. oxytoca4
(14.8%), were the toghree. On the contrangG. diversus K. rhinoscleromatis, E. cloacae, M.
morganii, and S. typlwere not ESBL and AmpC producers (Table 13).

Table 13: Phenotypicaktonfirmatoryidentification of bloodstream infection enzyspeducing
drugresistant bacteria=231.

Gram-negative Total Not Enzymeproducing drug resistance mechanism identified
bacteria strains DRM "Esp|. AmpC-BL CPs MBL CP&MBL
N (%) N (%) N (%) N (%) N (%)
K. pneumoniae 75 3 58(77.3%) 6(8%) 15(20%) 4(5.3%) 19(25.3%)
Acinetobacter spp 47 6 10(21.3%) 9(19.1%) 25(53.2%) 5(10.6%) 30(63.8%)
E. coli 38 10 17(44.7%) 8(21.1%) 4(10.5%) 2(5.3%) 6(15.8%)
K. oxytoca 27 2 21(77.8%) 4(14.8%) 5(18.5%) 0(0%) 5(18.5%)
E. coli (A-D) 11 2 7(63.6%) 1(9.1%) 1(9.1%) 1(9.1%) 2(18.2%)
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C. diversus 5 0 2(40%) 0(0%) 0(0%) 0(0%) 0(0.0%)
S. marcescens 4 1 2(50%) 1(25.0%) 2(50%) 0(0%) 2(50.0%)
Pseudomonas spp 5 3 0(0%) 2(40%) 2(40%) 0(0%) 2(40.0%)
K. ozaenae 3 2 1(33.3%) 1(33.3%) 0(0%) 0(0%) 0(0.0%)
K. rhinoscleromatis 4 2 0(0%) 0(0%) 1(25.0%) 1(25%) 2(50.0%)
P. mirabilis 2 1 1(50%) 0(0%) 1(50%) 0(0%) 1(50.0%)
E. cloacae 2 1 0(0%) 0(0%) 1(50%) 0(0%) 1(50.0%)
E. agglomerans 2 1 1(50%) 0(0%) 0(0%) 0(0%) 0(0.0%)
M. morganii 2 0 0(0%) 0(0%) 1(50%) 0(0%) 1(50.0%)
P. rettgeri 2 0 2(100%) 0(0%) 0(0%) 0(0%) 0(0.0%)
E. aerogenes 1 1 0(0%) 1(100%) 0(0%) 0(0%) 0(0.0%)
S. typhi 1 1 0(0%) 0(0%) 0(0%) 0(0%) 0(0.0%)
Total 231 36 122(52.8%) 33(14.3%) 58(25.1%) 13(5.6%) 71(30.7%)

EP-DRB- enzymeproducer drug resistance bacteria; ESBktendedspectrum betéactamase;
AmpC BLs AmpC betalactamase

4.3.1.4. Confirmatory Result for CPs and MBLs

During confirmatory testing, carbapenemd MBL-resistant strains werél(30.7%), which was
reduced from 74(32.0%) t@1(30.70) (Table 12 & 13). e highest result was observed in
Acinetobacter spp30(63.8%) andK. pneumoniael9(25.3%)in n>5; whereasC. diversus, K.
ozaenae, E. agglomerarms rettgeri, E. aerogenesand S. typhwere not Carbapenemase and

Metallo betalactamase producers (Table 13).
4.3.1.5. Prevalenceof Double Drug Resistance

Among the 231 gramegative bacteria s, 195 (84.4%) of the isolates were positive for one or two
enzymeproducingdrug resistance mechanisms. Among this, 13.4% of -gregative bacteria
have a double drug resistance mechanism, with ESBL + ABip@roducers accounting for 6.9%,
ESBL + Carbapenemase producers for 5.2%, and ESBL + MBL producers for K.3%.
pneumoniag35.5%)and Acinetobacterspp (25.8%) comprise the dominant species possessing

doubledrug resistance mechanisigble 14).

Table 14: Prevalenceof gramnegative bacterighat produceESBL or AmpC-BL or MBL or

Carbapenemasamongbloodstream infectiosuspecteghatientsn=231.
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Gram-negativebacteria

ESBL or AmpC-BL or MBL or Carbapenemase

Producer Non-producer Total Double
producer N
N (%) N (%) N

K. pneumoniae 72(96%) 3(4%) 75 11
Acinetobactespp 41(87.2%) 6(12.8%) 47 8

E. coli 28(73.7%) 10(26.3%) 38 3

K. oxytoca 25(92.6%) 2(7.4%) 27 5

E. coli(A-D) 9(81.8%) 2(18.2%) 11 1
C.diversus 2(40%) 3(60%) 5 0
S.marcescens 4(100%) 0(0%) 4 1
Pseudomonaspp 4(80%) 1(20%) 5 0

K. ozaenae 1(33.3%) 2(66.7%) 3 1

K. rhinoscleromés 2(50%) 2(50%) 4 0

P. mirabilis 1(50%) 1(50%) 2 1

E. cloacae 1(50%) 1(50%) 2 0

E. agglomerans 1(50%) 1(50%) 2 0

M. morganii 1(50%) 1(50%) 2 0

P. Rettgeri 2(100%) 0(0%) 2 0

E. aerogenes 1(100%) 0(0%) 1 0
S.typhi 0(0%) 1(100%) 1 0

Total 195(84.4%) 36(15.6%) 231 31(13.4%)

ESBL: Extendedspectrumbetalactamase AmpC-BL: AmpC betalactamasg MBL: Metallo

betalactamase

4.3.2. Factors Associatedwith ESBLs, AmpC-BLs, MBLs, and Carbapenemase

Among417(28.06%xulturepositive patients224(53.72%)ndividualswereinfectedwith gram

negative bacteriaf which 189(84.4%atientisolatesshowedoneor two enzyme producer drug

resistance bacteri@lable 15). However, polymicrobial growth and double enzyme producer

bacteriathe highergradeoneswereselectedor associatedactoranalysis.

Table 15. Gran-negative bacteriaand their drug resistancemechanismfrom bloodstream
infectionsuspectegatientsn=224.

Bacteria Non-DRM  ESBL AmpC-BL CARBA MBL All EP- Indiv
identified DRM iduals
N % N % N % N N T. T%  Total
K.pneumoniae 3 4.2% 43 60.6% 6 85% 15 21.1% 4 5.6% 68 958% 71
Acinetobactersg6  13.0% 2 4.3% 9 19.6% 24 52.2% 5 10.9% 40 87.0% 46
E. coli 9 25.0% 13 36.1% 8 222% 4 11.1% 2 5.6% 27 75.0% 36
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K. oxytoca 2 74% 16593% 4 148% 5 185% 0 0.0% 25 92.6% 27
E. coli(A-D) 2 182% 6 545% 1 91% 1 91% 1 91% 9 81.8% 11
C. diversus 3 60.0% 2 40.0% 0 00% O 0.0% 0O 0.0% 2 40.0% 5
Pseudomonassjl 20.0% 0 0.0% 2 40.0% 2 40.0% 0 0.0% 4 80.0% 5
K. rhinosclerome2 50.0% 0 0.0% O 0.0% 1 250% 1 25.0%2 50.0% 4
S.marcescens 0 00% 1 250% 1 25.0% 2 50.0% 0 0.0% 4 100.0% 4
K. ozaenae 2 66.7% 0 00% 1 333% 0 00% 0 00% 1 333% 3
E. cloacae 1 500% 0 00% O 00% 1 50.0% 0 0.0% 1 50.0% 2
E. agglomerans 1 50.0% 1 50.0% 0 00% O 00% O 0.0% 1 50.0% 2
M. morganii 1 500% 0O 00% O 00% 1 500%0 00% 1 50.0% 2
P. mirabilis 1 500% 0 00% O 00% 1 50.0% 0 0.0% 1 50.0% 2
P. rettgeri 0 00% 2 100.0%0 0.0% O 0.0% 0O 0.0% 2 100.0% 2
E.aerogenes 0 0.0% 0 0.0% 1 100.0%0 0.0% O 0.0% 1 100.0%1
S. typhi 1 100% 0 00% O 00% O 00% O 0.0% 0O 00% 1
Total 35 15.6% 86 38.4% 33 14.7% 57 25.4% 13 5.8% 189 84.4% 224

EP-DRB: enzyme producetrug resistance mechanisnisSBL: Extendedspectrunbetalactamase;
AmpC-BL: AmpC betalactamaspCARBA: Carbapenemas® BL: Metallo betalactamases\:

number

4.3.2.1. Factors Associatedwith ESBL Producers of Gram-negative Bacteriain
Bloodstream Infection

Furthermore, factors associated with ESBLs and AfBRhE€ gramnegative bacteriavere
analyzed. Among participants of different age groups neonates less tharowoiie p=<0.001,
were strongly associated with ESBLs and APl bacterialbloodstream infectianSimilar
results were found in admission ward B6 (NICU), AOR p=<0.001, and admission of the
department in NICU, COR p=<0.001. Among pediatric wards, D7 (Pediatrics Hematology), AOR
p=0.044,and B7 (Pediatrics Medical & Surgery), AOR p&D4,were also affected by ESBLs and
AmpC-BLs producer grarmegative bacteria (Tablé)

Among other factorsICU admission, CORy=<0.001,antibiotic treatment before 10 days of
sample collection, COR=<0.001, indwelling medical instrumensage during med care, AOR
p=<0.001, bronic illness, AOR p=0.027, UTI, AOR p=0.001, RTI, AOR p=0.018, tissue
sarcomas, AOR p=0.022, andn n e o istaryt af ;dubation, COR p=0.006, had strong

associations witlESBLs and Amp&BLs producer bacterial infections (Tablé)1

69



Table 16. Sociodemographicharacteristicof ESBL and AmpC gramnegative bacterifrom

bloodstream infectiosuspecteghatientsat TASH n=1486

ESBL & /or AmpC-BL

Bivariate and multivariate analysis

Variables Negative Positive P- COR (95%CiI) P- AOR (95%Cl)
value value

Age of participant

Birth -1 mth 181(79.04%) 48(20.96%) <0.001 3.448(1.8665.371)

>Imth<13yrs  546(93.02%) 41(6.98%) 0.939 0.976(0.5281.803)

13-<45years 445(96.74%) 15(3.26%) 0.028 0.438(0.210.914)

>45years 195(92.86%) 15(7.14%) 0.000 0.077

Admissionward

B6(NICU) 149(76.41%) 46(23.59%) <0.001 8.297(3.8118.087) <0.001 15.15(5.6140.922)

C/wW 336(95.18%) 17(4.82%) 0.482 1.36(0.5773.206) 0.182 1.81(0.7574.328)

B4(SICU,MICU) 110(92.44%) 9(7.56%) 0.115 2.199(0.8265.857) 0.17  2.005(0.7435.413)

D7(PediHemat) 130(90.28%) 14(9.72%) 0.020 2.894(1.1827.087) 0.044 2.524(1.02%.211)

EOPD 210(94.59%) 12(5.41%) 0.358 1.536(0.6153.833) 0.193 1.848(0.7334.655)

B7(pedmed& 36(87.8%) 5(12.2%) 0.028 3.733(1.15612.05) 0.014 4.565(1.3615.286)

surg)

C7 (PediMedical) 57(91.94%) 5(8.06%) 0.146 2.357(0.7437.482) 0.121 2.515(0.7848.068)

D8(Medical) 71(95.95%) 3(4.05%) 0.854 1.136(0.2924.397) 0.934 1.059(0.2724.117)

B5(Med& 53(100%) 0(0%) 0.997 0.997

Neurosurg)

Other 215(96.41%) 8(3.59%) 0.000

AdmissionDepartment

Medical 686(94.1%) 43(5.9%) 0.000 0.063

Emergency 68(95.77%) 3(4.23%) 0.565 0.704(0.2132.329)

MICU 68(93.15%) 5(6.85%) 0.744 1.173(0.453.061)

NICU 138(77.53%) 40(22.47%) <0.001 4.624(2.8977.382)

G. Surgery 43(93.48%) 3(6.52%) 0.862 1.113(0.3323.734)

SICU 31(91.18%) 3(8.82%) 0.487 1.544(0.4545.253)

Hematology 287(94.1%) 18(5.9%) 0.998 1.001(0.5671.764)

Others 46(92%) 4(8%) 0.548 1.387(0.4774.033)
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ICU admission

No 1114(94.0%) 71(5.99%) 0.000 0.064

yes 253(841%)  48(15.95%) <0.001 2.977(2.0144.4)
Antibiotic treatment 10 days before sample collection

No 1268(93.17%) 93(6.83%) 0.000 0.073

Yes 99(79.2%) 26(20.8%) <0.001 3.581(2.21%5.79)

Inserted mstrumentJsageduringmedecal care

No 593(95.8%) 26(4.2%) 0.000 0.044

Yes 774(89.27%) 93(10.73%) <0.001 2.74(1.7514.288) <0.001 2.369(1.4763.802)
Chronicillness

No 466(89.1%) 57(10.9%) 0.000 0.122

Yes 901(93.56%) 62(6.44%) 0.003 0.563(0.3860.82) 0.027 2.128(1.08%4.162)
Ureteraltractinfection

No 870(942%)  54(5.84%)

Yes 31(79.49%) 8(20.51%) <0.001 6.324(2.4616.252) 0.001 4.102(1.77.466)
Respiratorytractinfection

No 822(942%)  51(5.84%)

Yes 79(87.78%)  11(12.22%) 0.004 3.322(1.4657.533) 0.018 2.35(1.1564.777)
TissueSarcomas

No 791(942%)  49(5.83%) 0.000 0.039 .000 0.049

Yes 110(89.4%) 13(10.57%) 0.037 2.778(1.0627.268) 0.022 2.153(1.1164.154)

Neonataincubation

No 57(91.94%)
Yes 125(74.4%)

5(8.06%) 0.000 0.088
43(25.6%) 0.006 3.92(1.47510.424)

Wards= B6, NICU; C/W, causality;B4, SICU, MICU/PMICU; D7, PediatricsHematology;EOPD
EmergencyutpatientdepartmentB7, pediatricamedical& surgery;C7, PediatricaMedical; D8, Medical;
B5, Medical& NeurosurgeryCOR: Crudeoddsratio, AOR: Adjustedoddsratio, Cl: Confidencénterval;

Valuesin bold arestatisticallysignificant.

4.3.2.2. Factorsassociatedvith carbapeneniresistantgram-negative bacteria

Among all age groups, neonates with less than one month showed an association with

Carbapenemaseroducing gramnegative bacterianfection on univariate logistic regression,

COR p=0.016, but not on multivariate logistic regression analysis. These results were confirmed
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by association with the admission ward, B6(NICU) COR p=0.004, and the admission department,
NICU COR p=<0.001, findingsT@able 17).

Multivariate logistic regression analysis in the department showed that carbapenemase producer
carbapenem drugesistant infections were highly associated with General Surgery AOR p=0.001
and SICU, AOR p=0.007. Similar results were found in admission waifr@eneral Surgery,
B7(Pedi surgical & medical wayd COR p=0.011, and SICU B4(SICU/MICU ward), COR
p=0.006. ICU admission in which MICU, Ped MICU, NICU, and SICU, AOR p=0.008, showed

strong associations with carbapenem emegjstant bacterial infectio &ble T7).

Third-generation cephalosporin resistance ESBLs and ABIpCproducer bacterial infections
were more prevalent ineonates, and pediatri¢hliICU, Pediatrics Medical and Surgical, and
Pediatrics Hematology) but carbapenem Carbapenemase praptacenegative bacteriavas

more prevalent in general surgery and SICU for both pediatrics and adult. In addition, Surgical
ICU was strongly associated with carbapesresistant bacterial infectiqfTable T7).

Unlike ESBLs and Amp&BLs producers, Carbapenemase produgpermnegative bacteria
bloodstream infectionvas highly associated with usage of antibiotic treatment ten days before
sample collection and length of admission, greater than 3 days, AOR p=0.023, and COR, p=0.003,
respectively.The major factor associated with Carbapeneistantbloodstream infectiomvas
instrument usage during medical cak@R p=0.001. The instrumentations used were a suction
machine, AOR p=0.040, an intravenous line, AOR p=0.045, and a drainage tube, AOR p=0.032
(Table B).

In the case of chronic illness of WI on the skin, AOR p=0.030, and UTI, AOR p=0.007, were
associated with Carbapenemase prodgcamnegative bacteridgdut in the case of ESBLs and
AmpC-BLs producer Chronic iliness, UTl, AOR p=0.001, RTI, AOR p=0.018, and tissue
Sarcomas, AOR p=0.022, were associalable T7).

Regarding neonathloodstream infectiarmode of delivery, COR p=0.012, and premature rupture
of membrane, AOR p=0.036, were associated with Carbapenemase prgduoeregative
bacterid bloodstream infectiomn case of ESBLs and AmpBLs history of incubation, COR

p=0.006, had a strong association viatbodstream infectioirable 7).
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Table 17. Sociodemographicharacteristicsof Carbapenemasand MBLs producer gramt

negative bacterikom bloodstream infectiosuspecteghatientsat TASH n=1486

Variables CPs &/or MBL Bivariate and multivariate analysis

Negative Positive P-value COR(95%CI) P-value AOR (95%CI)
Age of participant
Birth -1 month 208(90.8%) 21(9.17%) 0.016 2.928(1.2187.04) 0.093 3.277(0.81913.18)
>Imth<13yrs 562(95.7%) 25(4.26%) 0.559 1.29(0.553.028) 0.057 2.47(0.9726.279)
13<45years 443(96.3%) 17(3.7%) 0.815 1.113(0.4542.73) 0.709 1.197(0.4663.07)
>45years 203(96.7%) 7(3.33%) 0.009 0.930
Admissionward
B6(NICU) 176(90.3%) 19(9.74%) 0.004 3.904(1.5260.986)
C/w 344(97.5%) 9(2.55%) 0.918 0.946(0.3322.696)
B4(SICU,MICU 107(89.9%) 12(101%) 0.006 4.056(1.48211.11)
D7(PediHemat 139(96.5%) 5(3.47%) 0.669 1.301(0.394.344)
EOPD 219(98.6%) 3(1.35%) 0.325 0.495(0.1222.006)
B7(pedimed&st 36(87.8%) 5(12.2%) 0.011 5.023(1.45617.31)
C7(PediMedi.) 58(93.5%) 4(6.45%) 0.168 2.494(0.6819.133)
D8(Medical)  71(95.9%) 3(4.05%) 0.556 1.528(0.3736.269)
B5(Med& Neuros 49(92.5%) 4(7.55%) 0.103 2.952(0.80310.86)
Other 217(97.3%) 6(2.69%) 0.000
Admissiondepartment
Medical 710(97.4%) 19(2.61%) 0.000 0.019
Emergency 70(98.6%) 1(1.41%) 0.544 0.534(0.074.048) 0.952 1.066(0.1348.51)
MICU 68(93.2%) 5(6.85%) 0.051 2.748(0.9957.59) 0.963 0.973(0.3083.073)
NICU 161(90.4%) 17(9.55%) <0.001 3.946(2.0067.76) 0.462 1.549(0.4834.974)
G. Surgery 38(82.6%) 8(17.39%) <0.001 7.867(3.23719.12) 0.001 5.102(1.93813.44)
SICU 27(79.4%) 7(20.59%) <0.001 9.688(3.75425) 0.007 4.787(1.53314.95)
Hematology  293(96.1%) 12(3.93%) 0.257 1.53(0.7343.193) 0.576 1.25(0.5712.738)
Others 49(98%) 1(2%) 0.794 0.763(0.15.816) 0.627 0.599(0.07&4.72)
Lengthof admission
1-2 days 569(98.4%) 9(1.56%) 0.000
3-4 days 201(94.4%) 12(5.63%) 0.003 3.774(1.5679.092)
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>5days 646(92.9%) 49(7.05%) <0.001 4.795(2.3350.849)

ICU admission

No 1150(97%) 35(2.95%) 0.000 0.03

yes 266(88.4%) 35(11.63%) 0.000 4.323(2.6567.037) 0.008 2.611(1.288.292)
Antibiotic treatment 10 days before sample collection

No 667(97.5%) 17(2.49%)

Yes 749(93.4%) 53(6.61%) 0.000 0.338(0.1930.592) 0.023 2.045(1.1043.787)
Instrumentusageduringmedicalcare

No 613(99%) 6(0.97%) 0.000 0.01

Yes 803(92.6%) 64(7.38%) <0.001 8.143(3.50318.B) 0.001 4.297(1.77310.41)
Usingsuctionmachine

No 696(93.3%) 50(6.7%)

Yes 107(88.4%) 14(11.57%) 0.071 2.285(0.93%5.602) 0.040 1.974(1.032.772)
Usingintravenoudine

No 82(96.5%) 3(3.53%)

Yes 721(92.2%) 61(7.8%) 0.036 3.812(1.09113.32) 0.045 3.502(1.3-11.94)
Usingdrainaggube

No 778(93%) 59(7.05%)

Yes 25(83.3%) 5(16.67%) 0.030 3.296(1.1229.678) 0.032 3.22(1.1089.36)

Woundinfectionon skin

No 907(96.4%) 34(3.61%)

Yes 18(81.8%) 4(18.18%) 0.102 2.949(0.8-10.775) 0.030 3.826(1.1-12.883)
Ureteraltractinfection

No 892(96.5%) 32(3.46%)

Yes 33(84.6%) 6(15.38%) 0.017 3.678(1.26110.73) 0.007 3.887(1.43710.3)
Mode of deliveryin neonates

NVD 156(94%) 10(6.02%) 0.000 0.064

S 53(82.8%) 11(17.19%) 0.012 3.238(1.3028.054)

Premature rupture of membrane

>18hours 44(97.8%) 1(2.22%) 0.006 0.027

<18hours 146(91.8%) 13(8.18%) 0.194 3.918(0.49830.79) 0.327 2.872(0.34&3.68)
No rupture 19(73.1%) 7(26.92%) 0.012 16.211(1.86141.0) 0.036 10.94(1.1661026)
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Wards = B6, NICU; C/W, casualty; B4, SICU, MICU/PMICU; D7, PediatricsHematology; EOPD
EmergencyutpatiendepartmentB7, pediatricanedical& surgery,C7,PediatricdMedical; D8, Medical;
B5, Medical & NeurosurgeryNCPR: not carbapenemesistanceCPs carbapenerse MBLs: Metallo

betalactamase;
4.3.2.3. Factorsassociatedwith all drug resistance types

Regardingagegroups,neonatesvere5 timesp=<0.001,acquiredgramnegative bacteriaaving
all typesof enzyme producer drug resistance bactér@nall otheragegroups.This resultwas
confirmedby the associatiorESBLs, AmpC-BLs, MBLs, and Carbapenemasgroducergrant
negative bacteridloodstream infectiom the admissionward, COR B6(NICU) p=<0.001,and
admissiordepartmentAOR NICU p=0.03(Table18; Figurel7).

Age of participants Vs drug resistance type

>45 years [ Y
13-<45 years [l N
>1month-<13 years N N
Birth to 1 month I |
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%

EESBL “"AmpC mCRE mMBL

Figure 17: Age of participantsconcerningall drugresistancenechanisms

Multivariate logistic regressioranalysisshowedpatientsof NICU, SICU, and Generalsurgery
(Figure 18a) and wards B6(NICU) p=<0.001, B4 (SICU and MICU) p=0.001, D7(Pedi
hematology)=0.027,B7 (Pedimed& Surg)p=0.001,C7(Pedi.medical)p=0.041wereinfected
by all enzyme producer drug resistance bactefialoodstream infectiorfFigure 18b). Again,
admissionin ICU p=<0.001 had a four-fold chanceto acquire all ESBLS AmpC-BLs,
CarbapenemasandMBLs drugresistantypes(Table18).
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B6: NICU; C/W: Causality;B4: pediatrics& adultSICU, MICU; D7: PediHematology,EOPD:
Adult emergencyB7: pediatricsmedical& surgical;C7: PediatricsMedical; D8: Medical; B5:
Medical& Neurosurgery8: Hematology;PEOPD:PediatriceemergencyB8: Medical, cardiac
and endocrine;InM: Intermediate;D3: Uro-surgery;D4: Cardiothoracicsurgery& ENT; D5:

NeuroandgeneralSurgery.

Figure 18: a) Departmentwith all drug resistancemechanismsand b) Ward with all drug

resistanceanechanisms

Admission for greater than 5 days was one of the factors in acquiriggedbf enzymeactivated
drugresistantbacteriain bloodstream infectionPatients who were taking antibiotitsn days
before sample collection, p033,showed an association with acquiriagzymeproduceddrug
resistance bacteria bloodstream infectiarSupportive instrumentation usage during medical care
led tothreefold exposure than those who did not lisdJsing a urinary catheter, 1V line, and
drainage tubeshowed twice thehance of acquiringnzymeproduceddrug resistance bacterial
bloodstream infectiomompared taonusers Having chronic illness showed greater than-two
fold exposure t@enzymeproduced drugesistanbacteria Among chronic illnesses, UTIl and RTI
hadfive-fold andtwo-fold chances of acquiringnzymeproduceddrugresistantacteria(Table

18).

Again, bivariate logistic regression analysis in neonates delivered by cesarean section (C/S)
showeda high prevalence of aknzyme producer drug resistance bacteftae bivariate and

multivariate logistic regression analysis showed that neonates who were admitted to the NICU
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incubation room, p&.002,had fivefold exposure than other patients byeadkzyme producer drug

resistance bacter{@able18).

Table 18 Factors associatedwith all drug resistancetypes (ESBL, AmpC, MBL, and
Carbapenemajerevalenceinfection crude and adjustedodds ratio of bloodstream infection
suspectegatientsat TASH n=1486

Variables Drug resistancetypes Bivariate and multivariate analysis

Positive Negative P-value COR(95%CI) P-value AOR (95%CI)

Age of participant

Birth- 1mth  69(30.1%) 160(69.9%) <0.001 3.685(2.1826.224) <0.001 4.824(2.01911.53)
>Imth<13ys 66(11.2%) 521(88.8%) 0.761 1.083(0.651.804) 0.14  1.508(0.872.606)
13<45yrs  32(7.0%) 428(93.0%) 0.123 0.639(0.3621.129) 0.195 0.675(0.3731.223)
>45 years 22(10.5%) 188(89.5%) O 0

Admission Ward

B6(NICU) 65(33.3%) 130(66.7%) <0.001 7.464(4.02513.84)

C/W 26(7.4%) 327(92.6%) 0.617 1.187(0.6062.325)
B4(SICU, 21(17.6%) 98(82.4%) 0.001 3.199(1.5616.556)
MICU)

D7(Pedi Hema119(13.2%) 125(86.8%) 0.027 2.269(1.0994.685)
EOPD 15(6.8%) 207(93.2%) 0.838 1.082(0.5092.298)
B7(Ped med & 10(24.4%) 31(75.6%) 0.001 4.816(1.96811.78)
Sur)

C7(Pedi 9(14.5%) 53(85.5%) 0.041 2.535(1.0416.173)
Medical)

D8(Medical)  6(8.1%)  68(91.9%) 0.587 1.317(0.4873.562)
B5(Med &  4(7.5%)  49(92.5%) 0.737 1.219(0.3843.864)

Neurosur)

Other 14(6.3%) 209(93.7%) O

Admission Department

Medical 62(8.5%) 667(91.5%) O 0.093 0.003

Emergency  4(5.6%) 67(94.4%) 0.405 0.642(0.2271.82) 0.999 1.001(0.342.947)
MICU 10(13.7%) 63(86.3%) 0.143 1.708(0.8343.495) 0.508 1.286(0.6122.702)
NICU 57(32%) 121(68%) <0.001 5.068(3.3687.625) 0.03 2.182(1.084.407)
G. Surgery 11(23.9%) 35(76.1%) 0.001 3.381(1.6365.986) 0.009 2.879(1.3055.355)
SICU 10(29.4%) 24(70.6%) <0.001 4.483(2.0%9.801) <0.001 4.884(2.0811.468)
Hematology  30(9.8%) 275(90.2%) 0.493 1.174(0.7421.855) 0.807 0.94(0.5751.537)
Others 5(10%) 45(90%) 0.716  1.195(0.4583.122) 0.908 1.06(0.3932.863)
Length of admission

1-2 days 55(9.5%) 523(90.5%) O 0.105

3-4 days 26(12.2%) 187(87.8%) 0.269 1.322(0.80€2.17)

>5days 108(15.5%) 587(84.5%) 0.002 1.75(1.2392.471)

ICU admission

No 106(8.9%) 1079(91.1%) 0 0.098

yes 83(27.6%) 218(72.4%) <0.001 3.876(2.809%.348)

Antibiotic treatment 10 days before sample collecl

No 67(9.8%) 617(90.2%) O 0.109
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Yes 122(15.2%) 680(84.8%) 0.002 1.652(1.2022.269) 0.033 1.501(1.0342.178)

Instrumentation usage during nieal care

No 32(5.2%) 587(94.8%) O 0.055

Yes 157(18.1%) 710(81.9%) <0.001 4.056(2.7316.024) <0.001 2.917(1.8984.483)
History of using a urinary catheter

No 138(17.5%) 651(82.5%) O 0.212

Yes 19(24.4%) 59(75.6%) 0.135 1.519(0.87&.63) 0.047 1.8(1.0083.212)

History of using an IV line

No 9(10.6%) 76(89.4%) O 0.118

Yes 148(18.9%) 634(81.1%) 0.062 1.971(0.9664.024) 0.011 2.674(1.255.719)
History of using a drainage tube

No 148(17.7%) 689(82.3%) O 0.215

Yes 9(30%) 21(70%) 0.091 1.995(0.8964.444) 0.042 2.406(1.0345.598)
Chronic illness

No 89(17%) 434(83%) O 0.205

Yes 100(10.4%) 863(89.6%) <0.001 0.565(0.4150.769) 0.009 2.003(1.1873.381)
Ureteral tract infection

No 86(9.3%) 838(90.7%) O 0.103

Yes 14(35.9%) 25(64.1%) <0.001 5.457(2.4-10.889) <0.001 5.646(2.59512.28)
Respiratory tract infection

No 85(9.7%) 788(90.3%) O 0.108

Yes 15(16.7%) 75(83.3%) 0.043 1.854(1.023.371) 0.023 2.269(1.1191.602)
Neonates' history ahcubation

No 10(16.1%) 52(83.9%) O 0.192

Yes 59(35.1%) 109(64.9%) 0.007 2.815(1.33%.942) 0.002 4.855(1.76613.35)
Mode of delivery

NVD 42(25.3%) 124(74.7%) O 0.339

C/S 27(42.2%) 37(57.8%) 0.013 2.154(1.1743.954) 0.673 1.187(0.5362.629)

Wards = B6, NICU; C/W, causality;B4, SICU, MICU/PMICU; D7, PediatricsHematology;
EOPD Emergencyoutpatientdepartment;B7, pediatrics medical & surgery; C7, Pediatrics
Medical; D8, Medical; B5, Medical& NeurosurgeryyValuesin bold arestatisticallysignificant.

4.4. PCR BasedMolecular Characterization

4.4.1. PCR-Based Detectiorof Antimicrobial Resistance

Among 231gramnegative bacteritested for combination drugs, 195 (84.4%) had one or more
drug resistance mechanisms, while 36 (15.6%) did Hatwever, in PCR confirmation
176(76.2%) showed drug resistance mechanisms and 55(23.8%) did not. The 19(9.7%)
phenotypically confirmed drugesistant mechanisms were negative for PCR confirmation (Table
14). Amonggramnegative bacterithe majority werd. pneumoniag/5(32.5%) Acinetobacter

spp, 47(20.3%), E. coli, 38(16.5%), K. oxytoca 27(16.7%),E. coli (A-D), 11(4.8%), and
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Pseudomonas spf(2.2%) (Table 19). Among 195 having drugesistant mechanismk.
pneumoniag70(93.3%) K. oxytoca 23(85.2%), andk. coli(A-D), 9 (81.8%) were the dominant
speciegTablel9).

Table 19: Phenotypingversus molecular characterization gfamnegative bacteridrom

bloodstream infection=231

Bacteria identified Phenotyping confirmed drug PCR confirmed drug resistance

resistance Mechanisms mechanisms

No DRT DRT All Total No PDRT PDRTAIl  Total

N(%) N(%) N N(%) N(%) Count
K. pneumoniae 3(4%) 72(96%) 75 5(6.7%) 70(93.3%) 75
Acinetobacter spp 6(12.8%) 41(87.2%) 47 15(31.9%) 32(68.1%) 47
E. coli 10(26.3%) 28(73.7%) 38 14(36.8%) 24(63.2%) 38
K. oxytoca 2(7.4%) 25(92.6%) 27 4(14.8%) 23(85.2%) 27
E. coli (A-D) 2(18.2%) 9(81.8%) 11 2(18.2%) 9(81.8%) 11

C. diversus 3(60%) 2(40%) 5 3(60%) 2(40%) 5
Pseudomonas spp 1(20%) 4(80%) 5 2(40%) 3(60%) 5
K. rhinoscleromatis 2(50%) 2(50%) 4 2(50%) 2(50%) 4
S. marcescens 0(0%) 4(100%) 4 1(25%) 3(75%) 4
K. ozaenae 2(66.7%) 1(33.3%) 3 2(66.7%) 1(33.3%) 3
E. cloacae 1(50%) 1(50%) 2 1(50%) 1(50%) 2
E. agglomerans 1(50%) 1(50%) 2 1(50%) 1(50%) 2
M. morganii 1(50%) 1(50%) 2 1(50%) 1(50%) 2
P. mirabilis 1(50%) 1(50%) 2 1(50%) 1(50%) 2
P. rettgeri 0(0%) 2(100%) 2 0(0%) 2(100%) 2
E. aerogenes 0(0%) 1(100%) 1 0(0%) 1(100%) 1
S. typhi 1(100%)  0(0%) 1 1(100%)  0(0%) 1
Total 36(15.6%) 195(84.4%) 231 55(23.8%) 176(76.2%) 231

4.4.2. Molecular Characterization of AMR Genes inGram-Negative Bacteria

Among 195 (84.4%) enzymaroducingdrug resistance mechanisi36(76.2%)were PCR
confirmed drug resistance enzypducing bacterial strains, and 415 dregistance encoding
genes were identifieddmongPCR-confirmeddrug resistance mechaniserscoding genes, ESBL

were the highest followed by MBLs, Carbapenemase, and AmpC producers which accounted for
122 (52.8%), 50 (21.6%), 46 (19.9%), and 22(9.5%), respectively (T@bl€He number of AST

confirmed drug resistance mechanismgas reduced by PCBonfirmed drug resistance
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mechanismsencoding gendrom ESBL 122(52.8%) to 122 (52.8%), AmpC 33(14.3%) to
22(9.5%), and Carbapenemase with MBLs producer 71(30.7%) reduced to 69(ZRabté)D).

Table 20: PCR-confirmed drug resistance types in Graggative isolates=231

Bacteria Total PCR PCR ESBL AmpC  Carbape- MBLs
identified Positive Negative nemase
f N&% N&% N&% N&% N&% N&%

K. pneumoniae 75 70(93.3%) 5(6.7%) 56(74.7%) 7(9.3%) 12(16%) 13(17.3%)
Acinetobactespp 47 32(68.1%) 15(31.9%) 8(17%) 2(4.3%) 20(42.6%) 22(46.8%)

E. coli 38 24(63.2%) 14(36.8%) 19(50%)  9(23.7%) 3(7.9%) 5(13.2%)
K. oxytoca 27  23(85.2%) 4(14.8%) 21(77.®6) 2(7.4%) 3(11.1%) 1(3.7%)
E. coli (A-D) 11  9(81.8%) 2(18.2%) 7(63.6%) 0(0%) 1(9.1%) 2(18.2%)
C. diversus 5  2(40%)  3(60%)  2(40%)  0(0%) 0(0%)  0(0%)

Pseudomonaspp 3(60%)  2(40%)  2(40%)  0(0%) O0(0%)  2(40%)

K. rhinoscleroma
S marcescens

2(50%)  2(50%)  0(0%) 0(0%) 2(50%)  1(25%)
3(75%)  1(25%)  1(25%)  1(25%) 1(25%)  2(50%)

K. ozaenae 1(33.3%) 2(66.7%) 1(33.3%) 1(33.3%) 0(0%)  0(0%)
E. cloacae 1(50%)  1(50%)  0(0%) 0(0%)  1(50%)  1(50%)
M. morganii 1(50%)  1(50%)  0(0%) 0(0%) 1(50%)  1(50%)
P. mirabilis 1(50%)  1(50%)  1(50%)  0(0%) 1(50%)  0(0%)
P. rettgeri 2(100%)  0(0%) 2(100%) 0(0%) 0(0%)  0(0%)
E. aerogenes 1(100%)  0(0%) 1(100%)  0(0%)  1(100%) O0(0%)

S typhi
Total

0(0%) 1(100%)  0(0%) 0(0%) 0(0%)  0(0%)
31  176(76.2%) 55(23.8%) 122(52.8%) 22(9.5%) 46(19.9%) 50(21.6%)

5
4
4
3
2
E. agglomerans 2 1(50%) 1(50%) 1(50%) 0(0%)  0(0%) 0(0%)
2
2
2
1
1
2

4.4.2.1. ESBL Encoding Gene Identification

ESBL encoding gene identification was ddayausingmultiplex oneprimerof SHV 739bp, CTX
M 590bp, and TEM 422 bp and multiplex twamers ofPER 725 bp, GES 600bp, BEL 448bp,
and VEB 376 bpRigure19).
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the detection ofblaSHV, blaCTXM, and|the detection oblaPER, blaGES, blaBEL,
blaTEM genes from 3 patient samples w| and blaVEB genes from 4 patient sampl
TNC-negative and TP{ositive control with NC-negative and P{ositive control

Figure 19: Multiplex PCR for the detection of genes encoding ESBL 1 (left) and ESBL 2 (right)

Among 122 (52.8%) ESBL encodinggenesmultiplex one blaCTX-M, blaTEM, and multiplex
two blaBEL werethe top threedrugresistantgenesaccountedor 104(78.8%),97(73.5%),and
21(15.9%) respectively(Figure20).

blaVEB, 8 Expressing ESBLs producing genes
blaPER 1

——

blaGES 12

#blaCTX-M
#@blaTEM
ublaBEL
blaCTX-M,
104 EblaSHV

HblaGES
blaTEM, 97 wblaVEB

blaSHYV, 12

blaBEL, 21

EblaPER

Figure 20: ESBL gene prevalence among 132 phenotypic confignachnegative bacteria
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Eshecrchiacloacaewere positive for ESBL confirmatory E-testand do not expressthe ESBL
gene.blaCTX-M wasfoundin 10 bacteriaandblaPERwasfoundin E. colionly. Therestwere
found in the range of 5-9 bacteria. Among 17 strains four gramnegative bacterias, K.
rhinoscleromatisM. morganii P. rettgeri and S. typhiwerenegativefor AST confirmatoryand
did not expressESBL-producinggenesin the PCR test. ESBL-producingbacteriahaving the
highest drugresistancegeneswere K. pneumoniagK. oxytoca E. coli (A-D), and E. coli
accouning for 56 (74.7%),22(81.5%),7(63.6%),and19(50%)n>5respectivelyTable 2).

Table 21: PCRidentification of ESBLSs producergenesfrom suspectedloodstream infection

bacterian=231

Bacteria ESBLs gene positive among 23dram-negative bacteria PCR conf.
identified ESBL
blaTEM blaCTX-M blaSHV blaVEB blaBEL blaGES blaPER
N N&% N&% N&% N&% N&% N&%  N&% N&%
K. pneumoniae 75 51(91.1%) 51(91.1%) 8(14.3%) 2(3.6%) 6(10.7%) 4(7.1%) 0(0%) 56(74.7%)

K. oxytoca 27 20(87%) 20(87%) 1(4.3%) 0(0%) 2(8.7%) 1(4.3%) 0(0%) 22(81.5%)
E. coli 38 11(50%) 16(72.7%) O0(0%) 1(4.5%) 5(22.7%) 5(22.7%)1(4.5%) 19(50%)
Acinetobacter sp 47 0(0%)  2(16.7%) 0(0%) 2(16.7%) 5(41.7%) 1(8.3%) O0(0%) 8(17%)
E. coli (A-D) 11 7(100%) 7(100%) 0(0%) 1(14.3%) 2(28.6%) 0(0%) 0(0%) 7(63.6%)

Pseudomonass| 5 1(50%) 1(50%) 1(50%) 0(0%) 1(50%) 1(50%) 0(0%) 2(40%)

S.marcescens 4  1(50%) 1(50%) 0(0%) 0(0%) 0(0%) O0(0%) 0(0%) 1(25%)
E.aerogenes 1 0(0%)  0(0%) 0(0%) 1(100%) 0(0%) 0(0%) 0(0%) 1(100%)
E.agglomerans 2 1(100%) 1(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(50%)
P. mirabilis 2 0(0%) 1(100%) 1(100%) 0(0%) 0(0%) 0(0%) 0(0%) 1(50%)
K. ozaenae 3 1(100%) 0(0%) 1(100%) 0(0%) 0(0%) 0(0%) 0(0%) 1(33.3%)
E. cloacae 2 000%)  0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
C. diversus 5 2(100%) 2(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 2(40%)
Others 9  00%)  0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Total 231 97(73.5%) 104(78.8% 12(9.1%) 8(6.1%) 21(15.9%)12(9.19%) 1(0.8%) 123(53.2%)

Other=K. rhinoscleromatisM. morganij P. rettgerj andS. typhj ESBL extendegspectrum beta
lactamase; PCR = polymerase chain reaction

4.4.2.2. AmpC-BLs Encoding Gene Identification

AmpC-BL encoding gene identification was doloye multiplex threeprimers ofMOXM 520bp,
CITM 462bp, and DHAM 405 bp, ACCM 346 bp, EBCM 302bp, and FOXM 190bp by using

negative and positive control (fige21).
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Figure 21: Multiplex PCR for the detection of genescoding AmpC

Six drug resistancegenesof AmpC betalactamaseswere analyzed, blaFOXM, blaCITM,
blaMOXM, blaEBCM, blaACCM, and blaDHAM accountedfor 13(36.10%),12(33.30%),

5(13.90%) 5 (13.90%),3(8.30%),and1(2.80%)respectively(Figure 22).

Expressing AmpC BLs producing genes
DHAM, 1

ACCM, 3

HFOXM
uCITM
FOXM, 13 4 MOXM
HEBCM
HACCM
u DHAM

CITM, 12

Figure 222 AmpC-BLs gene prevalence among 36 phenotypic confirgradtnegative bacteria
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Six strainsof gramnegative bacteriaereidentifiedto haveAmpC BLs-producinggenesandthe
highestprevalencef drugresistancgenesvasidentifiedin E. coliandK. pneumoniaaccouning
for 9(23.7%)and7(9.3%),n>5respectivelyTable22). Pseudomonasppwerepositivefor AmpC
confirmatory E-test (Table B) and do not expressAmpC-BLs genes(Table 3). The rest10
speciesof E. coli (A-D), C. diversusP. rettgeri E. aerogenesP. mirabilis E. agglomeransK.
rhinoscleromatis E. cloacae M. morganij S. typhiwere negativefor AmpC E-testand PCR

AmpC encodinggenes.

Table 22 PCRidentificationof AmpC-BLs producergenedrom suspectedloodstream infection

bacterian=231

Bacteria AmpC BLsgene positive PCR
identified blaMOXM blaCITM blaDHAM blaCCM blaEBCM bla FOXM AmpC

N  N&% N&% N&% N&% N&% N&% N&%
K. pneumoniae 75 1(10%) 4(40%)  0(0%) 0(0%) 2(20%) 5(50%)  7(9.3%)
E. coli 38 1(10%) 7(70%)  1(10%) 1(10%) 1(10%) 6(60%)  9(23.7%)
Acinetobacter sp 47 1(12.5%) 1(12.5%) 0(0%) 0(0%) 0(0%) 1(12.5%) 2(4.3%)
K. oxytoca 27  1(25%) 0(0%) 0(0%) 2(50%) 0(0%) 1(25%)  2(7.4%)

Pseudomonas s|5  0(0%) 0(0%)  0(0%)  0(0%) 0(0%)  0(0%)  0(0%)
S. marcescens 4  0(0%) 0(0%)  0(0%)  0(0%) 1(100%) O0(0%)  1(25%)
K. ozaenae 3 1(100%) 0(0%)  0(0%)  0(0%) 1(100%) 0(0%)  1(33.3%)
Other 32 0(0%) 000%)  0(0%)  0(0%) 0(0%)  0(0%)  0(0%)

Total 231 5(13.9%) 12(33.3%) 1(2.8%) 3(8.3%) 5(13.9%) 13(36.1%) 22(9.5%)

AST conf.= AST confirmatorytestAmpC-BLs AmpC betalactamasePCR= polymerasehain
reaction.

4.4.2.3. Carbapenemasezncodinggeneidentifi cation

Carbapeam encoding gene identification was done on multifléxRBA oneblakKPC 353bp,
blaOXA-48 265bp,blaOXA-23 33Mp,blaOXA -24/143 27Dp, andblaOXA -58 68&pby using

negative and positive control (Fige 23).
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Figure 23: Multiplex PCR CARBA 1(left) and Multiplex PCR CARBA Zright)

Three multiplexeswere run to amplify Carbapenemasand MBLs-producinggenes.However,
blavIM and blaIMP were analyzedseparatelywith different primers. For carbapenemase
detection,blaKPC and blaOXA48 results were taken from the 15' Carbapenenmultiplex 1
(Figure22a), andthe OXA family wastakenfrom multiplex 2 (Figure22b). Among carbapenemase
geneslaOXA-23 were the highest 28(40.6%) followedlidigkK PC accounted 10(14.5%) (Figure
24).

Expressing carbapenimase producing genes
blaOXA-24/143 1

HblaOXA23
#blaKPC
ublaOXA48
P blaOXA23
28 HblaOXA-58
blakKPC 10

u blaOXA-24/14:
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Figure 24. Carbapenemase encodiggne prevalence among 69 phenotypic confirmgesamn

negative bacteria

Among all gramnegative bacterjaCarbapenemaseas 46(19.9%) andthe highestprevalence
was recorded in Acinetobacter spp 20(42.6%) and K. pneumoniael2(160%). Among

carbapenemasgenes,blaOXA-23 28(40.6%)was the highestprevalentfollowed by blakPC

10(14.5%)Table23).

Table 23. PCR identification of carbapenemasproducergenesfrom suspectedloodstream
infectionbacterian=231

Bacteria Carbapenemase gene positive PCR
identified Carbape-
nemase

blakPC blaOXA- blaOXA- blaOXA blaOXA
48 23 -24/143 -58
N N&% N&% N&% N&% N&% N&%
Acinetobacter spp 47  1(3.4%) 2(6.9%) 16(55.2%) 1(3.4%) 4(13.8%) 20(42.6%)
K. pneumoniae 75 6(33.3%) 1(5.6%) 5(27.8%) 0(0%) 0(0%) 12(16%)

E. coli 38 1(16.7%) 0(0%) 1(16.7%) 0(0%) 1(16.7%) 3(7.9%)
K. oxytoca 27 2(66.7%) 1(33.3%) 1(33.3%) 0(0%) 0(0%) 3(11.1%)
Pseudomonas spr 5 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
E. coli(A-D) 11 0(0%) 1(50%) 1(50%) 0(0%)  0(0%) 1(9.1%)
S. marcescens 4 0(0%) 0(0%) 1(50%)  0(0%) 0(0%) 1(25%)
K. rhinoscleromati: 4 0(0%) 0(0%) 1(50%) 0(0%) 1(50%) 2(50%)
E. aerogenes 1 0(0%)  1(100%) 0(0%) 0(0%) 0(0%)  1(100%)
P. mirabilis 2 0(0%)  1(100%) 1(100%) 0(0%)  0(0%) 1(50%)
E. cloacae 2 0(0%) 0(0%) 1(100%) O0(0%)  0(0%) 1(50%)
M. morganii 2 0(0%) 0(0%) 0(0%) 0(0%) 1(100%) 1(50%)
Others 13 0(0%) 0(0%) 0(0%) 0(0%)  0(0%) 0(0%)

Total 231 10(14.5%) 7(10.1%) 28(40.6%) 1(1.4%) 7(10.1%) 46(19.9%)

4.4.2.4. MBLs encodinggeneidentifi cation

Metallo-betalactamaseencodinggeneswere detectedby Multiplex CARBA-1 blaNDM 603bp
blaIMP 436bp blavVIM 500bpprimers andfrom minorgroupsmultiplex CARBA-3 wereblaDIM
699 bp,blaSIM 570 bpblaGIM 477 bp andblaAIM 322 bpprimerswere usedFigure25).
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Figure 25. Metallo-beta lactarase encoding gen@) CARBA Multiplex PCR 1blaNDM, (b)
CARBA Multiplex PCR 1plalMP, (c) CARBA Multiplex PCR blaVIM, (d) CARBA Multiplex
PCR 3,blaDIM, blaSIM, blaGIM, andblaaAIM.
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Among carbapenemase gertdaNDM were the highest prevalence accounted for 27(39.1%)
followed byblaVIM accounted for 24(34.8%) (Figuréy

Expressing metallobetalactamase producing genes

blaSIM, 3 plaDIM, 0
blaGIM, 4__

blaAIM , 5
@ blaNDM

@ blaviM

blaNDM, 27 i blalMP
EblaAIM

@ blaGIM
blavVIM , 24 @blaSIM

#@blaDIM

Figure 26: MBLS gene prevalence among 132 phenotypic confirgradtnegative bacteria

Among all gramnegative bacteria50(21.6%) Metallo betalactamaseencodinggeneswere
detectedAcinetobactespp.22 (46.8%),K. pneumoniad 3 (17.3%),andE. coli 5 (13.2%)were
themostcommonexpressionsf Metallo betalactamaseroducinggenesThetwo mostcommon
metallobetalactamasgenesvereblaNDM 27 (39.10%)andblaVIM 24 (34.80%)(Table24).

Table 24: PCR identification of Metallo-betalactamaseproducer genes from suspected

bloodstream infectiohacterian=231

Bacteria MBLs gene positive PCR
identified blaNDM  blavIM  blaIMP blaAIM blaGIM blaSIM blaDIM MBLs
N N&% N&% N&% N&% N&% N&% N&%  N&%
Acinetobacter sp 47 8(27.6%) 18(62.1% 0(0%) 1(3.4%) 2(6.9%) 1(3.4%) 0(0%) 22(46.8%
K pneumoniae 75 13(72.2%, 0(0%) 3(16.7%, 0(0%) 1(5.6%) 1(5.6%) 0(0%) 13(17.3%

E. coli 38 3(50%) 2(33.3%) 1(16.7%, 2(33.3%, 0(0%) 0(0%) 0(0%) 5(13.2%)
K. oxytoca 27 0(0%) 1(33.3%) 0(0%) 0(0%) 0(0%) 1(33.3%) 0(0%) 1(3.7%)
Pseudomonass 5 0(0%) 0(0%) 1(33.3%) 1(33.3%, 0(0%) 0(0%) 0(0%) 2(40%)
E. coli(A-D) 11 1(50%) 0(0%) 0(0%) 1(50%) 1(50%) O0(0%) 0(0%) 2(18.2%)
S. marcescens 4 0(0%) 2(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 2(50%)
K. rhinosclerom¢ 4  1(50%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(25%)
E. aerogenes 1 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
P. mirabilis 2 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
E. cloacae 2 0(0%) 1(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(50%)
M. morganii 2 1(100%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(50%)
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Others 13 0(0%)  0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Total 231 27(39.1% 24(34.8% 5(7.2%) 5(7.2%) 4(5.8%) 3(4.3%) 0(0%) 50(21.6%

GNB, Gramnegative bacteria.

4.4.3. Load of Beta-Lactamase and Carbapenemase Gene in Strains

Among 75 K. pneumonia&0(93.3%)of themhavephenotypingdrug resistance mechanisiasd
5(6.7%)werenot. A total of 88 drug resistance mechanismigh 1.3 meanvalueswereidentified
in the PCRconfirmatorytest. Comparedvith AST 7 additionaldrug resistance mechanismsre
identifiedin the PCRtestsoit increasedrom 82 AST confirmatoryteststo 88 PCRtests. Among
70 drugresistant bacterjd 64 Drug resistancggeneswereidentified with therangeof 1-7 anda
mearnvalueof 2.34for eachbacterium(Table25). Among27 K. oxytoca21(77.8%werepositive
for both methodsand 6(22.2%)of themwere negativefor PCRidentification. Among the 6 not
having drugresistant genesne of them was positive for the phenotypingdrug resistance
mechanisms$estandnegativefor the PCRtest.Oneof theK. oxytocavasfoundto be positivefor
all drug resistance mechanistmaving 7 drug resistancgenes.The rangeof DR geneswvas1-7
andonaverage.19for each An averagef 1.4drug resistance mechanismasobservedAmong
the minor KlebsiellaspeciesAll K. ozaenaéhavea doubledrug resistancanechanismandon
averageeachhas4 drug resistancegenes.But in K. rhinoscleromatishalf of them were drug
resistanandeachof themhasameanof 1.5drugresistance mechanisrasddrugresistant genes
(Appendix10).

Among 47 Acinetobacterspecies, 68.09% have PCRconfirmed drug resistancanechanisms
19.14%0of themdon'thavedrug resistance mechanisarsl12.8%of themdo havedrug resistance
mechanismsn the phenotypingtestbut during molecularcharacterizationi doesn'thavedrug
resistant genesrom 32 drugresistant bacteribavingdrug resistance mechanism8 DR genes
were identified with an averageof 2.16 and in the rangeof 1-5. Among the confirmeddrug
resistant bacteriavith both methods, drug resistance mechanisniscreasedfrom 49 by
phenotypingo 53 with PCRconfirmatorytest,on averagdrom 1.2to 1.66for each. Among 38
E. coli, 24 of themwere positiveand14 werenegativeby PCRmethod however,11 of themwere
not drugresistantby both PCR and phenotypingdetectionmethods;3 of ESBL-positive by
phenotypingdetectionwere negativeby PCRtest.Of 24 E. coli, 66 drug resistancegeneswere
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identified with anaverageof 2.75drugresistantgenesn the rangeof 1-6 for each and35 drug
resistance mechanisnrsan averageof 1.5 for eachin the rangeof 1-3 wereidentified. Among
11 E. coli (A-D) 9(81.8%)of themwere positive for drug resistance mechanisrasd 2(18.2%)
werenot. Of 9 drugresistancewe found22 drugresistancgeneswith a1-4 rangeandanaverage

of 2.4for each All positivefor phenotypingverepositivefor the PCRtest(Appendix10).

Among 5 Pseudomonaspp2(40%)of themdon'thavedrug resistance mechanisiausd 3(60%)

of themhavedrug resistance mechanismgherangeof 1-2. Among3 bacteria7 DR geneshave
identifiedanaverageof 2.3for each A total of 7 drugresistancgenesvasidentifiedwith amean
valueof 2.3. Among 4 S. marcescen3(75%) of themhavedrug resistance mechanisngh a
meanof 2 drugresistant genefm each.Of these4 species5 drugresistancenechanismsvere
identified. Both the two P. rettgeri have one drugresistance mechanismith 5 drugresistant
genesAmong?2 gramnegative bacteriaof M. morganii ProteusMirabilis, E. agglomeransand

E. cloacaéhave50%drug resistance mechanisarsdfrom 5 C. diversugl0%havedrug resistance
mechanismsOne E. aerogened00% andone S. typhi0% havedrug resistance mechanisms
(Appendx 10).

4.4.4. Associationof Factors for Resistance Gene Types

Onepatientwasinfectedwith two AcinetobactesppandE. colibotharecarbapenemag®oducers
of gramnegative bacterigo we took one andit be@mea total numberof 62 carbapenemase
producersComparedo otheragegroups,neonateshowedhe mostdrugresistancenechanisms
(drug resistance mechanisyendmenhad85.8%moredrug resistance mechanisthanfemales
76.9%. Among factorsassociatedvith ESBL and AmpC-BLs producinggenesage> 30 days
p=0.003 NICU p=0.004 generalsurgery p=0.002 SICU p=0.019 instrumentusageduring
medicalcarep=0.011 andchronicillnessp=0.013wereassociatedAmongchronicillnessesUTI
p=0.049andRTI p=0.028were associatedvith ESBL and AmpC BLs-producinggenes(Table
25).

Table 25: Socicdemographyandclinical datafor associatedactorsfor ESBL and AmpC BLs
n=1486
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Variables ESBL and AmpC Bivariate regression Multivariate regression
analysis analysis

f(R%) f(R%) P-value COR(95%CI) P-value AOR (95%CI)
Age of participants
Birthtolm 179(78.2%) 50(21.8%) <0.001 3.387(1.8626.162) 0.003 4.683(1.6813.053)
>1m<13yrs 546(93%) 41(7%) 0.76 0.91(0.4991.66) 0.581 1.196(0.6342.255)
13<45years 441(95.9%) 19(4.1%) 0.064 0.522(0.2631.037) 0.089 0.542(0.2671.099)
>45 years 194(92.4%) 16(7.6%) O (-) 0 0
Admission Wards
C/W 337(95.5%) 16(4.5%) O 0 0.277 0
Eopd 214(96.4%) 8(3.6%) 0.588 0.787(0.3311.872) 0.998 0.998(0.2573.885)
B6 147(75.4%) 48(24.6%) <0.001 6.878(3.78212.507) 0.004 8.786(1.9838.978)
B7 35(85.4%) 6(14.6%) 0.012 3.611(1.327/9.822) 0.105 2.494(0.8277.525)
Cc7 56(90.3%) 6(9.7%) 0.104 2.257(0.8476.013) 0.352 1.633(0.5814.589)
D7 131(91%) 13(9%) 0.057 2.09(0.9784.466) 0.905 1.061(0.42.812)
D8 69(93.2%)  5(6.8%) 0.424 1.526(0.5414.305) 0.831 1.182(0.2565.459)
C8 78(96.3%)  3(3.7%) 0.743 0.81(0.232.849) 0.54 0.588(0.1083.214)
B8 57(96.6%) 2(3.4%) 0.692 0.739(0.1653.301) 0.648 0.654(0.10€4.041)
PEOPD 13(92.9%) 1(7.1%) 0.652 1.62(0.19913.163) 0.52  2.05(0.22918.357)
Other 223(92.5%) 18(7.5%) 0.134 1.7(0.8493.404) 0.593 0.683(0.1692.763)
Admission Departments
Medical 691(94.8%) 38(5.2%) O 0 0.034 0
Emergency 69(97.2%) 2(2.8%) 0.384 0.527(0.1242.232) 0.665 0.721(0.1653.159)
MICU 67(91.8%) 6(8.2%) 0.287 1.628(0.6643.992) 0.548 1.329(0.5253.36)
NICU 137(77%) 41(23%) <0.001 5.442(3.3783.776) 0.08 2.076(0.9164.705)
G. Surgery  37(80.4%) 9(19.6%) <0.001 4.423(1.9919.827) 0.002 4.092(1.7049.823)
SICU 29(85.3%) 5(14.7%) 0.026 3.135(1.1498.554) 0.019 3.646(1.23810.73)
Hematology 283(92.8%) 22(7.2%) 0.211 1.414(0.8212.433) 0.529 1.204(0.6752.148)
Others 47(94%) 3(6%) 0.81 1.161(0.3483.9) 0.95 1.041(0.3013.6)
ICU admission
No 1114(94%) 71(6%) 0 0.0640 0
yes 246(81.7%) 55(18.3%) <0.001 3.508(2.403%.12) 0
Antibiotic treat. 10 daybefore
No 1262(92.7%) 99(7.3%) O 0.0780 0
Yes 98(78.4%) 27(21.6%) <0.001 3.512(2.18%.634) 0.15 1.507(0.8622.637)
Total 1360(91.5%) 126(8.5%) 0 0
Instrument usage during med care
No 593(95.8%) 26(4.2%) O 0.0440 0
Yes 767(88.5%) 100(11.5%) <0.001 2.974(1.9064.638) 0.011 1.909(1.1613.141)
Chronicillness
No 463(88.5%) 60(11.5%) O 0.0740 0 0.0150
Yes 897(93.1%) 66(6.9%) 0.003 1.761(1.222.543) 0.013 2.367(1.1994.671)
UTI
No 864(93.5%) 60(6.5%) O 0.0690 0
Yes 33(84.6%) 6(15.4%) 0.038 2.618(1.0566.494) 0.049 2.728(1.0057.404)
RTI
No 818(93.7%) 55(6.3%) O 0.0670 0
Yes 79(87.8%) 11(12.2%) 0.038 2.071(1.0424.118) 0.028 2.49(1.1055.611)

History of incubation
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No 57(91.9%) 5(8.1%) 0 0.0880

0

Yes 123(73.2%) 45(26.8%) 0.004 4.171(1.57211.067) 0.007 4.214(1.4911.917)

Among Carbapenemasand MBLs producersNICU p=0.019,G. SurgeryP=0.002,and SICU
P=0.009 Jlengthof admissiongreaterthan3 days,Instrumentusageduring medicalcareP=0.04,

wereassociatedvith carbapenemagaroducergramnegative bacteridAmong Instrumentusage

during medicalcare,usinga suctionmachineP=0.039,usinga drainagetube P=0.017andfrom

chronicillness patients,surgicalwound infections P=0.039and ureteraltract infection P=0.035

wereassociateavith carbapenemaggoducer(Table26).

Table 26. Sociocdemographyand clinical datafor associatedactorsfor Carbapenemasend

MBLs n=1486
Variables PCs and MBLs Bivariate regression Multivariate regression analysis
analysis
f(R%) f(R%) P-value COR(95%CI) P-value AOR(95%CI)
Admission Department
Medical 713(97.8%) 16(2.2%) O 0.011
Emergency  70(98.6%) 1(1.4%) 0.664 0.637(0.0834.872) 0.877 1.178(0.1499.308)
MICU 70(95.9%) 3(4.1%) 0.313 1.91(0.5436.715) 0.701 0.765(0.1953.002)
NICU 164(92.1%) 14(7.9%) <0.001 3.804(1.827.95) 0.019 2.944(1.1927.274)
G. Surgery 38(82.6%) 8(17.4%) <0.001 9.382(3.779R3.29) 0.002  4.584(1.7811.789)
SICU 27(79.4%) 7(20.6%) <0.001 11.553(4.39830.408) 0.009  4.277(1.4312.788)
Hematology  293(96.1%) 12(3.9%) 0.121  1.825(0.8533.905) 0.468 1.337(0.612.932)
Others 49(98%) 1(2%) 0.927  0.909(0.1187.001) 0.729 0.696(0.089%.429)
Length of admission
1-2 days 571(98.8%) 7(1.2%) O 0 0.038 0
3-4 days 203(95.3%) 10(4.7%) 0.005 4.018(1.5110.697) 0.051 2.755(0.9957.633)
>5days 650(93.5%) 45(6.5%) <0.001 5.647(2.52712.621) 0.011 3.161(1.3037.672)
Antibiotic treat. 10 days before
No 671(98.1%) 13(1.9%) O 0.0190 0
Yes 753(93.9%) 49(6.1%) <0.001 3.359(1.8065.245) 0.055 1.976(0.9863.961)
Instrument usage during medical care
No 612(98.9%) 7(1.1%) O 0.0110 0
Yes 812(93.7%) 55(6.3%) <0.001 5.922(2.678.3.094) 0.04 2.442(1.0415.73)
Using suction machine
No 704(94.4%) 42(5.6%) O 0.060 0
Yes 108(89.3%) 13(10.7%) 0.035  2.018(1.0498.881) 0.039 2.698(1.0516.926)
Using drainage tube
No 787(94%) 50(6%) 0 0.0640 0
Yes 25(83.3%) 5(16.7%) 0.025  3.148(1.15€8.573) 0.017 3.728(1.2611.016)
Chronicillness
No 496(94.8%) 27(5.2%) O 0.0540 0
Yes 928(96.4%) 35(3.6%) 0.162 0.693(0.4151.158) 0.323 1.491(0.6753.296)
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Surgical woundnfections

No 902(96.5%) 33(3.5%) O 0.0340 0
Yes 26(92.9%) 2(7.1%) 0.001 6.523(2.08420.418) 0.039 4.04(1.07215.224)
Ureteral tract infection
No 894(96.8%) 30(3.2%) O 0.0340 0
Yes 34(87.2%) 5(12.8%) 0.004  4.382(1.60111.994) 0.035 3.489(1.08911.18)
Place of delivery
In hospital 204(92.3%) 17(7.7%) O 0.0510
At home 9(100%) 0(0%) 0.022  3.232(1.188.79)
Have a history of incubatior
No 58(93.5%) 4(6.5%) O 0.0690
Yes 155(92.3%) 13(7.7%) 0.741  1.216(0.3813.882)
Mode of delivery
NVD 158(95.2%) 8(4.8%) O 0.0510
C/S 55(85.9%) 9(14.1%) 0.022  3.232(1.1883.79)
Premature rupture of membrane
>18 hours 44(97.8%) 1(2.2%) 0.01 0
<18 hours 149(93.7%) 10(6.3%) 0.308  2.953(0.36&3.707)
No rupture 20(76.9%) 6(23.1%) 0.02 13.2(1.489117.004)
4.5. Whole Genome Sequenag

4.5.1. Drug Resistance GramNegative Bacteria Selected for Whole Genome

Sequening

Among 195/23383.7% ESBL, AmpC, CPs, and MBLs enzymer o d u granmegdtive

bacteria 142 strains qualied quality scors from 137 patient samples were selected for whole

genome sequeimg. Phenotypically and PGRonfirmed ESBL and carbapenemgmeducer drug

resistance bacteria weaealyzedoy whole genome sequencinihe following strains were most

common:K. pneumonia€32.4%),E. coli (25.4%), andA. baumannii(24.6%). The majority of

the species belong to the gerkiebsiella (40.1%).B6 ward showedhe higher prevalence
46(32.4%) followed byC/W, 18(12.7%) (Table7).

Table 27: Gram-negative bacteria selected fahole genomesequening with the admission

wardsused for isolatiom=142

Species Patient admission Wards

MLST C/W | PEOPD| B6 B7 C7 D7 D8 Cc8 B8 Other Total

confirmed N| % [N| % |[N| % |N| % [N| % |[N| % [N| % |[N| % |[N| % | N| % | N| %
K.pneumonia| 7 |15.2| 1| 2.2|24/52.2/ 4| 87|3| 56| 2| 43[2[43/0|(00| 0| 00| 3|56|46|324
K. oxytoca 0|00|1|9.1|8|727 2|18.20/00|0|00|/0|{00/0|00|0]|00|O0|O00]| 11| 7.7
E. coli 3|83/ 6(16.71|28{0|00|1|28|8|2223|[83/4|11.1) 1| 2.8| 9|25.0 36|25.4
A.baumannii | 4|11.4/ 3| 86| 9|25.7/ 3| 86|1| 29| 4(11.40|0.0/0]| 0.0 1| 29|10|28.6 35|24.6
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E. cloacae
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4.5.2. Whole Genome Sequencing anth Silico Analysis

The WGS data included in this study wéBegrscores quality assessment indicasoBome strains

failed to be sequenced due to mixed species in >10% of \&@B8ragmented, and incomplete

sequences <90% were excluded from this study (Appetrigix

Over all the bacteriatompletegenomeassembly(Checkm_complete) was 99.97% Median,
99.74% Mean, 0.54 Standard Deviation, and 96.35% Minimum and 100.0% Maximum value. The

mean and median contamination check was 0.62%0at%d, whereasin detail contamination

with the humamNA was 0.10%, and contamination with vector was 0.70%. The overall bacteria

mean values of percentagedcontent,N50, andnucleotide read were 50.7%, 113751.8, and

4028944.1Thenumber of contigs in the assemblps89 to 965Appendix ).

The K. pneumoniaeccompleteness of sequence mean and median were 99.63% and 99.85%,

respectivel y.

The

me an

t ot al

contami nat

i o

was from 86 to 667 contigs per assembly with a measbdP217and a range of 4094201 to

5963878 total number of contiger samplen K. pneumoniaésolates. The range of N50 values
was 10709 to 216350 with a mean of 88976 and a median of 77897. The mean nucleotides read
and mean total nucleotides read wéB90450 and 59335894fgspectively. The average-G

content mean was 57% and the median was 57.1%.

TheE. colicompleteness of sequence mean and medgia99.86% and 99.93%espectively.

The

me an

tot al

cont ami

nat.

on

check
to 347 contigs per assembly with a mearb@49692and a range of 4619307 to 5500912 total

wa s

0.

n ch

39 %.

number of contigper samplen E. coliisolates. The range of N50 values was 41529 to 224194

with a mean of 137131 and a median of 133320. The mean nucleotides read and mean total

nucleotides read wei@945645 and 5891742Bspectively. The average-G content mean was
50.6% and the median was 50.{Appendix 13)



The A. baumanniicompleteness of sequence meand medianwere 99.93% and 99.98%
respectively. The mean tot al contamination ch
was from 39 to 189 contigs per assembly with a mea3082646and a range of 3440462 to

4128817 total number of contiger samplen A. baumanniisolates. The range of N50 values

was 52525 to 367993 with a mean of 130755 and median of 104028. The mean nucleotides read
and mean total nucleotides read w&8&8872 and 64596816rkespectively.

TheK. oxytocacompleteness of sequence mean and median were 99.73 and 99.99%, respectively.
The mean tot al contamination check was 1. 9 %.
667 contigs per assembly with a meaf™3467and a range of 5810144 to 6438312 total number

of contigsper samplen K. oxytocaisolates. The range of N50 values was 24855 to 161880 with

a mean of 95494 and median of 98586. The mean nucleotides read and mean total nucleotides read
were4122133 and 60787514f&:spectively. The average-G content mean was 55.2% and the
median was 55.1% (Appendix 13).

4.5.3. Whole Genome SequencingBased Multilocus Sequence Typingfor Species

Identification

Among the 142 gramegative bacterial strains of MLST, based on kcst MLST species
identification 9gramnegative bacterianark an allelewith less than 100% identityith having

unique gene clusters ahdnce is a novelllelic profile.

Among the sixKlebsiella speciesthere were three novel drugsistantK. pneumoniagsolates
ST1799* ST45*, and ST973* that represent three distinct allelic types ofrdsigiant bacteria.
The third isolateK. pneumonia&sT973*, shared three other isolates' allelic profiles while being
novel. Among thécinetobacter specied. baumanniST85* andA. baumanniST63* had novel
allelic profiles. In addition, one of tHe. coliST131*, had a novel allelic profile (Tabl&)2

Table 28. Novel bacterialsolatesidentified using Kcst_ MLSEpeciesdentificationn=142

No Bio_id bio_id Bap-species kcst_ MLST and novel allele MLST
1 824 FF02_824  A. baumannii ST85*Pas_rplB:3*(STnhov) ST1089
4 1686 FF02_1686 K. pneumoniae ST45*infB:1*(STnov)

5 3799 FF02_3799 K. pneumoniae ST1799*tonB:34*(STnov)
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3862 FF02_3862 E. coli ST131*adk:53*(STnov) ST506
5055.2 FF02_5055 A. baumannii ST63*Pas_pyrG:10*(STnov) ST1030
5876 FF02_5876 K. pneumoniae ST973*gapA:16*(STnov)

5971 FF02_ 5971 K. pneumoniae ST973*gapA:16*(STnov)

6480 FF02_6480 K. pneumoniae ST973*gapA:16*(STnov)

6568 FF02_6568 K. pneumoniae ST973* gapA:16*(STnov)

OO0 NO N W

4.5.4. Molecular Epidemiology of Antimicrobial Resistance in Gram-Negative

Bacteria from Bloodstream Infection.

Antimicrobial resistance gene identification was done using the ResFinder tool for antibiotics and
their cluster resistance. Among antibiotic clusters, the highest number of drug resistance genes
were identified in Betd.actam, Aminoglycoside, and FolatatRway Antagonist, accounting for

136 (95.8%), 128 (90.1%), and 128 (90.1%), respectively (R&hld he dominant resistance was
recorded for the antibiotics Amoxicillin, 124 (87.32%), Ampicillin, 124 (87.32%Nnd
Piperacillin, 121 (85.21%) (TabR9). In GNB the highest rates of resistance were recordid in
oxytoca,64.20%,K. pneumonia&0.90%, andce. coli, 56.70%. The total average drugsistant

genes identified among 40 antibiotics was 51.1%. Among 142 GNB the average carbapenem
resistance identified was 21.8% and tkgeheration cephalosporin resistance was 75.4%. The
highest number of bacteria havingsistance genes weginetobacter baumannif8.6%, for

Imipenem and Meropenem (Tal26).

Table 29: Antimicrobial resistance cluster (amr_clgdd antimicrobial resistance (amr_res)

amonggramnegative bacteria from Blood stream infectioril42

3 5
= = S >
e S & 9 £ 5 = 3
Antimicrobial -resistant % £ <! s g o ¢ 'CSU o
= 3 % s F 2
character c S 3 X 8 £ £ 2 G B [
ATV R~ G N 1V Y M- S W S N =R
N=46 N=36 N=35 N=11 N=9 N=2 N=1 N=1 N=1 142 %
WGS  Aminocyclitol 13 29 6 1 1 0 1 0 0 51 35%%
Antimic ~ Aminoglycoside 43 35 26 12 9 1 1 1 0 128 90.1%
robial S henicol 23 3 6 10 4 0 1 1 0 68 47.9%
resistanc
o cluster AllBetalactam 45 35 30 12 9 3 1 1 0 136 95.8%
FolatePattway 44 35 25 12 9 1 1 1 0 128 90.1%

Antagonist
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detectio Fosfomycin 32 0 2 3 3 0 0 0 0 40 28.2%

n Glycopeptide 0 1 0 0 0 0 0 0O O 1 0.7%
Lincosamide 0 4 1 0 1 0 0 0 0 6 4.2%
Macrolide 5 26 19 3 4 0 0 0 0 57 40.1%
Quinolone 44 31 3 11 8 0 1 0 0 98 69.0%
Rifamycin 15 2 2 1 1 0 0 0 0 21 14.8%
Streptogramin B 1 4 18 1 2 0 0 0 0 26 18.3%
Tetracycline 23 27 18 9 3 1 0 0 0 81 57.0%
Total 308 232 156 75 54 6 6 4 0 841

WGS Amikacin 35 25 15 11 4 1 1 0 0 92 64.8%

Antimic ~ Amoxicillin 45 35 20 12 9 2 1 0 0 124 87.3%

:ggilgtlanc Amoxici+clavu. ac 28 28 8 2 9 1 1 0 0 87 6L3%

e Ampicillin 45 35 20 12 9 2 1 0 0 124 87.3%
Ampicil+clavu. aci 28 28 8 12 9 2 1 0 0 88 62.0%
Azithromycin 4 26 18 3 0 0 0 0 0 51 359%
Aztreonam 43 31 2 11 9 0 1 0 0 97 68.3%
Cefepime 43 34 6 12 9 2 1 0 0 107 75.4%
Cefixime 6 6 4 1 1 1 0 0 0 19 134%
Cefotaxime 43 34 6 12 9 0 1 0 0 105 73.9%
Cefoxitin 6 11 8 10 8 0 0 0 0 43 30.3%
Ceftazidime 43 34 8 12 9 0 1 0 0 107 75.4%
Ceftriaxone 43 31 0 11 9 0 1 0 0 95 66.9%
Cephalothin 40 22 10 10 7 0 1 0 0 90 63.4%
Chloramphenico 44 3 5 10 3 0 1 0 0 66 46.5%
Ciprofloxacin 45 31 0 11 8 0 1 0 0 96 67.6%
Doxycycline 24 27 16 9 3 0 0 0 0 79 55.6%
Ertapenem 6 6 4 1 1 0 0 0 0 18 12.7%
Fosfomycin 33 0 0 3 2 0 0 0 0 38 26.8%
Gentamicin 34 19 20 11 7 0 1 0 0 92 64.8%
Imipenem 6 6 17 1 1 0 0 0 0 31 21.8%
Kanamycin 1 2 14 2 0 0 0 0 0 19 13.4%
Meropenem 6 6 17 1 1 0 0 0 0 31 21.8%
Minocycline 0 16 15 0 1 0 0 0 0 32 225%
Nalidixic acid 40 30 0 0 0 0 0 0 0 70 49.3%
Netilmicin 37 23 12 11 4 0 1 0 0 88 62.0%
Piperacillin 45 35 19 12 9 1 1 0 0 121 852%
Piper+ clavu. acid 4 0 0 0 0 0 0 0 0 3 2.1%
Piper+ tazobactan 24 28 6 12 9 1 1 0 0 81 57.0%
Streptomycin 38 35 19 12 7 0 1 0 0 112 78.9%
Sulfamethoxazol 40 33 23 12 9 0 1 0 0 118 83.1%
Tetracycline 23 27 16 9 3 0 0 0 0 78 54.9%
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Ticarcillin 45 35 14 11 9 0 1 0 0 114 80.3%
Ticarc + clavu. aci 6 9 2 9 8 0 0 0 0 34  23.9%
Tigecycline 1 0 0 0 0 0 0 0 0 1 0.7%
Tobramycin 39 28 19 11 7 0 1 0 0 104 73.2%
Trimethoprim 42 33 5 11 7 0 1 0 0 99 69.7%
Unknown 11 0 27 0 0 1 0 0 0 39 27.5%

aminoglycoside
Unknown beta 0 4 18 0 1 0 0 0 0 23 16.2%
lactam

4.5.5. Comparison of Phenotyping Combination Drug Test, Genotyping PCR Test

and Whole Genome Sequencing Resslt

The baseline result of phenotyping drug resistance detection by combination disk test is used to
compare the performance of PCR and WGS methogramnegative bacterigceSBL detection

by 94.9% PCR method and 96.9% WGS detection have sineitasiith phenotyping detection

The PCR method for 65.4% AmpC detection had similarities with the WGS result of 61.5% and
had a discrepancy with the initial phenotyping result. The MBL Phenotyping detection was 100%
similar to the PCR test and 70% similar to WGS. The PCR Carbapenentesttodevas 70%

similar to phenotyping detection while WGS had 82.5% sintylavith the phenotyping detection
method. In general PCR method was 85.1% similar while the WGS method was 86.8% similar to

phenotyping detection (Figur@R

Comparison of combination drug, PCR, and WGS result
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Figure 27: Shows the prevalence of drug resistance types by phenotyping combination drug test,
genotyping PCRand WGS analysis.
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The identification of method comparison piienotyping,genotypingby PCR and WGS by
categorizing based on the higher rank of drug resistance waedone Phenotypically CDF
categorized gramegative bacteria were exposed for that category of spde@iR primer,
However,in the case of WGS all42gramnegative bacteria run for all types of drug resistance
category. Theefore, for higher rank of antimicrobial resistance may hategher number in WGS
because of unexpressed gefmnd in the bacteria. Among 142 isolatd#sdrugresistant type
categorization by using the higher rank of antimicrobial resistance enzyme production, during
phenotyping combination drug test shows ESBL, AmpC, MBL, and Carbapenemase accounted for
74 (52.1%), 17 (12.0%), 10(7.0%), and 40(28.2%) respégtiVbe Genotyping PCR test result
shows ESBL, AmpC, MBL, and Carbapenemase accounted for 78(520@843%), 13(9.2%),

and 33(23.2%) respectivelfhe WGS result shows ESBL, AmpC, MBL, and Carbapenemase
accounted for 32(22.5%), 10(7.0%), 5(3.5%), and 88(62.0%) respectiglye B).

Comparison of combination drug, PCR, and WGSresult

300
250
5 200
&
S 150
o
g
e 100
; I I I I
0 = I N - I -— l I I = 0
NoDR ESBL AmpC CARBA MBL Total ESBL AmpC CARBA MBL Total
DRM Higher rank taken Total DRT identified
ECDT DRT f 1 74 17 40 10 142 98 26 40 10 174
PCR DRT f 9 78 9 33 13 142 93 17 33 38 181
EWGSDRTf 7 32 10 88 5 142 121 48 88 19 276

Figure 28 Comparison ofphenotypingof combination drug tesiGenotyping PCRand WGS

resultof drug resistance types.

A comparisorof all drug resistance types identified in@tlenotyping (CDT), genotyping of PCR,
and WGS analysisiethods was donésolates may have more than one type of enzgroducer
drugresistant mechanisms. Among 142 strains the phenotyping combination drug test shows a

total of 174 drugesistant types identified in which ESBL, AmpC, MBLs, and Carbapenemase
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accounted for 98(69.0%), 26(18.3%), 10(7.0%), and 40(28.2%) respectively. The total Genotyping
PCR test shows 181 drugsistant types identified with ESBL, AmpC, MBLs, and Carbapenemase
accounted for 93(65.5%), 17(12.0%), 38(26.8%) and 33(23.2%) respgctihile the total drug
resistant mechanisms of WGS results show 276-drsigtant types recorded with ESBL, AmpC,
MBLs, and Carbapenemase accounted for 121(85.2%), 48(33.8%), 19(13.4%), and 88(62.0%)
respectively (Figure®.

4.5.6. Genetic Diversity of Antimicrobial Resistance in GramNegative Bacteria
Isolated from Bloodstream Infection

4.5.6.1. Antimicrobial Resistance in Gram-Negative Bacteria

Among the total 142 gramegative bacteria, 97.1% of the strains were identified to have
antimicrobial resistance genes. There were 168 different types of AMR genes discovered, for a
total of 1604 genes. The most dominant graggative bacteria possessiAlIR genes wer.
pneumoniag 639(39.8%),A. baumannii 324(20.2%),and E. coli, 369(23.0%). The highest
prevalencgenewas recorded for sul2, 92(5.7%), blaGNk 15, 84(5.2%), aph(3‘Tp, 82 (5.1%),
aph(6}ld, 82(5.1%), and aac(3ba, 71(4.4%), genes.

Among betdactamase genes, 58 types of 391 genes were identified. The most dominant beta
lactamase genes were recordel.ipneumoniagl56(39.9%)A. baumannii100(25.6%), ané.

coli, 69(17.6%). The most abundant bktetamase genes detected were bla@®TA5,
84(21.5%), blaTEMLB, 63(16.1%), and blaOXA, 52(13.3%) (Figure9d).
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AMR Gene

Figure 29: Antimicrobial resistance gene identified from graggative bacteria by whole genome sequencing.
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Frequency

4.5.6.2. Antimicrobial Resistance Gene in ESBL, AmpC, MBL, and

Carbapenemaseproducing Gram-Negative Bacteria

ESBL: Among 894 thiregeneration cephalospormesistantgenes which are grouped into 92
types, blaCTXM-15, 66(7.38%), blaTEMB, 54(6.04%), and sul254, (6.04%), were

predominant. (Figur&0).

Third generation cephalosporin resistance GNB AMR gene
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Figure 30: The AMR gene of thirdyeneration cephalospormesistant grarmegative bacteria.

Two hundred twentghree betdactam genes were found in 74 ESBL producer gnagative
bacteria. blaCTXM-15 was the most common bdé&tamase (bla) gene, followed by blaTEM
1B, blaOXA1, blaLEN16, blaOXY¥5-1, and blaSHV187, accounting for 66(7.38%), 5408%),
40(4.47%), 5(0.56%), 5(0.56%), and 4(0.45%), respectively (Fighre 3
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Third generation cephalosporin resistance GNB beta-lactamse AMR gene
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Figure 31: The betdactamase AMR genes of thigkneration cephalosporfmesistant in gram
negative bacteria.

Among departments high load of bdéé@tam drugesistant bacteria and AMR genes were
identified in NICU, followed by Medical, Hematologgeneral Surgery, MICU, Emergency, ENT
Unit, Orthopedics, and SICU accounting for 369(41.3%), 280(31.3%), 145(16.2%), 42(4.7%),
15(1.7%), 12(1.3%), 11(1.2%), 11(1.2%), and 9(1.0%), respectively. In NICU AMR genes were
found in K. pneumoniae, K. oxytoca, E. cloacae, daad coli accounting for 241(27.0%),
104(11.6%), 14(1.6%), and 10(1.1%) respectively. The second highdabita drugresistant
bacteria and AMR gene prevalence was found in the medical departmentiyipgreumoniae
andE. coliaccounted for 108L2.1%), and4 (7.2%), respectively. At the third place Hematology
department showel. coli and K. pneumoniaghat accounted for 72 (8.1%), and 62 (6.9%),
respectively. The rest tifiecAMR genes were found in general surgétypneumoniad?2 (4.7%),

MICU E. coli15 (1.7%), Emergencly. coli12 (1.3%), ENT Uni€&. colill (1.2%), Orthopedics

E. colill (1.2%), and SICW. baumanniB (1.0%) (Figure 3). Third-generation cephalospofin
resistant bacteria AMR genes in B6 (NICU) were the highest, Kviineumoniae?241 (27.0%),
followed byK. oxytoca,104 (11.6%). The second AMR drugsistance gene dominated ward was
causality, 110 (12.3%), and the predominant bacteria Wepmeumoniae59 (6.6%).The third

one was D7 which accounted for 71(7.9%) and the major bactericBweodi 42(4.7%) (Figure

33).
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Department / Species

Third-generation cephalosporm -resistant GNB AMR gene prevalence in departments
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Figure 32 The tird-generation cephalospormesistanggramnegative bacteria AMR gene distribution in departments
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Third-generation cephalosporin-resistant GNB AMR gene prevalence in wards
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Figure 33: The hird-generation cephalospormesistangramnegative bacteria AMR gene distribution in admission wards
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AmpC: Among 17 thirdgeneration cephalosporin and cephamyesistant bacteria 160
antimicrobial resistance genes were identified. The most prevalent genesueril(6.9%),
blaTEM-1B, 10(6.3%), and aph(3™ 9(5.6%). However, the predominant genes from AmpC
betalactamases producer were blaCMYand blaCM¥6 which accounted for 3(1.9%) and
1(0.6%), respectivel{Figure 3).
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Figure 34: AmpC betalactam drug resistance bacteria antimicrobial resistance gene.

ESBL gene ilAmpC BL resistant bacteria we€eT X-M-15, blaSHV12, blaSH\187, blaTEM
1B, blaVEB1, and blaOXAl at the rate 09(5.6%), 3(1.9%), 1(0.6%), 1(6.3%), 1(0.6%) and
8(5.0%), respectively. Among carbapenemase genes blaN@Rt blaOXA58 accounted for
2(1.3%) and 1(0.6%), respectively. The rest fattamase families of blaOXA20, blaOXY-5-

1, blaCARBS5, blaOXA1, blaADG25, and blaACT3 accounted for 2(1.3%), 1(0.6%), 1(0.6%),
8(5.0%), 2(1.3%), and 2(1.3%), respectively (Figute Bhe AmpC betdactam resistance was
dominant inE. coli, 85(53.1%).E. cloacae 31(19.4%), and\. baumannii19(11.9%). Almost all
AmpC betalactamresistantK. pneumoniaavere identified in the Gener&urgery department
(Figure ).
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In the same way, all AmpC beta lactaesistantA. baumanniwere found in the Medical and
MICU departmentsAmong AmpC betdactam resistant bacterta cloacaeandK. oxytocaAMR
genes were found in NICU (Figuré)3 The most abundam®mpC beta lactannesistantAMR
gene inwards vasfound in B4 45(28.1%), D7 45(28.1%), B6 28(17.5%), B7 15(9.4%), EOPD
11(6.9%), C/W 9(5.6%), and C8 7(4.4%) (Figu6.3

Carbapenemase Among 50(35.2%) carbapeneamsistant grarmegative bacteriAcinetobacter
baumannii, K. pneumoniaé;. coli, E. cloacae, Pseudomonas putidad Stenotrophomonas
maltophilia accounted for 28(56.0%), 11(22.0%), 8(16.0%), 1(2.0%), 1(2.0%), and 1(2.0%),
respectively Among these carbapenemesistant grasmegative bacteria, 550 AMR genes were
identified. The most predominant AMR genes wetd2 followed by aph(3=)b, aph(6jid,
blaADC-25, sull, tet(B) at the rates of 38(6.9%), 31(5.6%), 31(5.6%), 27(4.9%), 21(3.8%), and
20(3.6%), respectively (Figure’B

Carbapenem resistant Gram-Negative Bacteria AMR gene
40 | Count

30

Frequency
N
(=]

10

AMR gene

Figure 37: Antimicrobiatresistant genes among carbapenem -gesgtant grammegative

bacteria

109



Among 50 carbapenem resistance gragative bacteria 166(30.2%) b#aatamase genes,
grouped into 28 types, were identified. However, a total 1if(20.2%)specific carbapenem
resistanceyenes, ofl7 types, weraédentified. Among thidblaOXA-23, blaOXA66, blaNDM1,
blaOXA-1, blaOXA69, blaOXA9, blaCARB5, blaNDM5, blaOXA120, blaOXA232,
blaOXA-272, and blaOXA83, accounting for 17(3.1%), 17(3.1%), 12(2.2%), 12(2.2%), 6(1.1%),
4(0.7%), 3(0.5%), 3(0.5%), 3(0.5%), 1(0.2%), 1(0.2%), a(@2%), respectively, have direct
association with carbapenem resistance. However, genes including BRACTAL1, blaCARB

10, blaADG25, and blaSC@ that accounted for 27(4.9%) were not frequently linked to

resistance to carbapenems (FigBsie
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Figure 38 Betalactamase genes identified from carbapemesistant grarmegative bacteria.

Among 28(56%) carbapenem resistaAceaumanniR7 possessed blaADE5 betalactam gene.
Except for one novel strain &. baumanniiST1030/ST63*, which carried the blaOX2v2
carbapenemase gene, the rest had the bla2bgene. Next to the blaADEZ5 gene, blaOXA23,

and blaOXA66 genes, accounted for 17(34%) and all were identified fAammetobacter
baumannii The carbapenefresistant genes which are not identified in other gnagative
bacteria but found irA. baumanniiwere blaADG25, blaOXA23, blaOXAG66, blaOXAG9,
blaOXA-83, and blaOXA120, and accounted for 27(4.9%), 17(3.1%), 17(3.1%), 6(1.1%),
1(0.2%), and 3(0.5%), respectively. Additionally, blaCABBNd blaOXA272 genes identified
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in A. baumanniiaccounted for 3 (0.5%), and 1 (0.2%), respectively (Fi@®e Among K.
pneumoniaell(22.0%), the most predominant carbapenemase producer genes were dlaNDM
6(1.1%) and blaOXA, 4(0.7%). ThélaOXA-9, blaSCQO1, and blaOXA232 genes were found
only in carbapenemesistanKlebsiella pneumoniaédmongE. coli8(16.0%) the most prevalent
carbapenennesistant genes were blaNDB) 3(0.5%), and blaNDM.,, 2(0.4%). blaNDM5 gene
was found only irkE. coli. AmongS. maltophiliablaL1 and blaCARRBLO accounted for 1(0.2%)
and 1(0.2%), respectively (Figuss).

Beta-lactamase gene identified in carbapenem resistant Gram-negative bacteria
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Figure 39: Betalactam genes associated with carbapenem resistancenggative bacteria

Among departmenis higher number afarbapenennesistangramnegative bacteria were found

in NICU 12(24.0%), Hematology 12(24.0%), Medical 11(22.0%), and SICU 7(14.0%). Similarly,
higher AMR genes were found in these departments NICU 142(25.8%), Hematology 110 (20.0%),
and Medical 115 (20.9%). Among 12 carbape resistant gramegative bacteria in NICU,
8(16.0%)A. baumanniand 4(8.0%K. pneumoniadave 87(15.8%), and 55(10.0%) AMR genes.

In Hematology department from 12 gramagative bacteria 5(10.09%). baumannii2(4.0%) K.
pneumoniage 4(8.0%) E. coli 1(2.0%) Stenotrophomonas maltophilisaccounted for
28(5.1%),50(9.1%), 30(5.5%), and 2(0.4%), AMR gene, respectively. Similarly in Medical

departments among 11 carbapenem resistant-gegative bacteria 6(12.0%Acinetobacter
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baumannij 2(4.0%)K. pneumoniag2(4.0%)E. coli, have accounted for 60(10.9%), 21(3.8%),
and 34(6.2%) AMR genes, respectively. Among 7 SICU carbapenem resistanepegjative
bacteria 6(12.0%Acinetobacter baumannand 1(2.0%)K. pneumoniaéhave 71(12.9%) and
15(2.7%) AMR genes, respectively (Appendix 14) (FigiOe

Among wards, a higher number of carbapenem resistancergrgative bacteria were observed

in B6, B4, C/W, and B7 accounting for 12(24.0%), 10(20%), 8(16%), and 5(10%), respectively.
In B6 carbapenem resistance gragygative bacteria weréd. baumannii8(16%) andK.
pneumoniae}(8%) having 87(15.8%) and 55(10.0%), with a total of 142(25.8%) AMR genes,
respectivelyln B4 carbapenem resistance graggative bacteria were. baumannii/(14%),E.

coli, 2(4%), andK. pneumoniael (2%), having 83(15.1%), 18(3.3%), and 15(2.7%), AMR genes,
respectively with a total of 116(21.1%). In B7 waatbapenem resistant gramagative bacteria
wereA. baumannii3(6%), anK. pneumonia€e?(4%), having 37(6.7%) and 38(6.9%) with a total
of 75(13.6%) AMR genes, respectively. The fourth ward was C/W Avitimumannii2(4%), E.

coli, 2(4%),K. pneumonia€?(4%),E. cloacae1(2%), andStenotrophomonas maltophilia(2%)
having 14(2.5%),21(3.8%), 28(5.198),1.5%), and 2(0.4%), with a total of 73(13.3%) AMR
genes, respectively (Appendix 14) (Figutg.4
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Carbapenem resistant GNB AMR gene in Wards
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4.5.7. Genetic Diversity of Virulence Genes in GrarANegative Bacteria Isolated
from Bloodstream Infection

4.5.7.1. Virulence Genes in gramnegative bacteria

Among the total GNB isolates, VirulenceFinder analysis sHd$71.13% possessed virulence
genes; a total of 1055 genes, grouped into 133 types were identified. The most abundant virulence
genes were detected i coli, 768(70.8%),K. pneumoniag233(22.1%), ancE. cloacae 31

(2.9%). The highest prevalence virulence genes were recorded for fimH, iutA, traT, terC,
mrkA:ABW83989, accounting for 63(6.0%), 58(5.5%), 54(5.1%), 48(4.5%), and 40(3.8%),
respectively (Figurd2).

In E. colia higher number of virulence genes, 768 out of 68 types, were found in 36 different
specieqAppendix 15).The virulence factors dE. coli are numerous and have a wide range of
activities, including adhesins, toxins, iron acquisition factors, lipopolysaccharides, polysaccharide
capsules, heat resistance, protectines, and invasins were explored. The ten most prevalent virulent
genes inkE. coli were;gad 36 (4.7%), Adhesinsnlpl 36 (4.7%) AdhesinsterC 36 (4.7%) Iron
acquisition factorsyehA30 (3.9%) AdhesinshlyE 29 (3.8%) Toxin porgorming,traT 27 (3.5%)
Increased serum survivalslA 25 (3.3%) Invasins othebrain,yehB36 (4.7%),yehD36 (4.7%),

and yehC 34(4.4%) which helps bacterial cells to migrate into and multiply within the host
(Appendix 15) Adhesins24 types 0f329(24.8%), Iron acquisition factorsypes 0f119(15.5%),
Lipopolysaccharides 2 type63(8.02%),Toxins10types 054(7.0%), Increased serum survigal

types of33(4.3%), Polysaccharide capsule synthéstgpes of40(5.2%), Invasing types of
38(4.9%), and Not well knowh3 types 0f92(12.0%) virulence gene were recordachong 36
drugresistante. coli, the highest 16.7% were found in ®ED followed by 22.2% in D7 wards.

On medical 27.8% and hematology 41.7% patients. Compared with otheEG&tH in PEOPD

and D7 prevalence were at 50% and 53.3% respectively. This GNB was found on patients of
hematology medical and MICU patients 41.7%, 27.8%, and 13.9% patients respéaimpelndix

15).
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Figure 42 Gramnegative bacteria's virulent gene detected by using whole genome sequencing.
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4.5.7.2. Virulence genes in ESBL, AmpC, MBL, andCarbapenemase, producing

Gram-Negative Bacteria

ESBL.: In the thirdgeneration cephalospofiesistant grarmegative bacteria, 654 genes, grouped
into 80 types, were detected; fimH, 50(7.65%), iutA, 44(6.73%), traT, 41(6.27%), terC, 37(5.66%),
and mrkA:ABW83989, 27(4.13%), were the predominant virulent g@figare43).

The highest number ofirulence gene of fimH 33(5.0%), iutA 29(4.4%), mrkA:ABW83989
27(4.1%), traT 20(3.1%) and clpK1 18(2.8%) identified in K. pneumoniae, whereas terC 8(1.2%),
clpK1 6(0.9%), traT 5(0.8%), nipl 1(0.2%) and gad 1(0.2%) identifieK. imxytoca The highest
numbeirulence gene of nlpl 20(3%), terC 20(3%), gad 20(3%), yehB 20(3%), and yehD 20(3%)
identified in E. coli and nlpl 2(0.3%), iroN 2(0.3%) and tell§0.2%) identified in E. cloacae
(Figure44).

Anong virulent gene inhird-generation cephalospofmesistant granmegative bacteria Medical,
Hematology, NICU, MICU, ENT unit, orthopedics, General surgery, and Emergency accounted
for 214(32.7%), 171(26.1%), 140(21.4%), 51(7.8%), 33(5.0%), 18(2.8%), 15(2.3%), and
12(1.8%), repectively. The highest virulent gene was recorded in the Hematology, Medical, and
NICU departments, accounting far coli 153(23.4%).E. coli 149(22.8%), and. pneumoniae
89(13.6%) respectively. The highest number of virulent genes recorded in NICUKrom
pneumoniaewere fimH 18(20.2%), iutA 14(15.7%), traT 15(16.9%), mrkA:ABW83989
12(13.5%), clpK1 11(12.4%), fyuA 7(7.9%), and irp2 7(7.9%) (Figidde

The predominant gene found in wards showed B6 140(21.4%) and the predominant organism was
K. pneumonia&9(13.6%). The second one was D7 accounted for 93(14.2%) and the majority was
E. coli88(13.5%). The third one was C8 59(9%) and the most common bacte&a ewdigFigure

45).
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Figure 45: The third-generation cephalospofiesistangramnegative bacteria virulence gene distribution in admission wards
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AmpC: Among 17 thirdgeneration cephalosporin and cephamyesistant bacteria 136 virulent
genes were identified. The predominamtilent genes were terC, 10(7.4%), nipl, 8(5.9%), gad,
7(5.1%), hlyE, 7(5.1%), and yehB(5.1%) (Figurelb).
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Figure 46: AmpC betalactam drug resistance bacteria virulent genes.

The higher prevalence of virulence gene identifieéimmpC produceEscherichia coliL21(89.0%)

in which the predominant weterC, nlpl, gad, hlyE, yehB, yehC, and yehD each accounted for
7(5.1%), respectively. Amorignterobacter cloacaé(5.1%) the higher prevalence gene vier€
3(2.2%), clpK1 2(1.5%), nlpl 1(0.7%), and mrkA:ABW83989 1(0.7%). The higher prevalence of
virulence gene identified iKlebsiella pneumonia@(5.1%)were clpK1, fimH, fyuA, irp2, iutA,

traT, and mrkA:ABW83989 each accounted fd0.7%), respectively. IKlebsiella oxytoca
1(0.7%) onetraT 1(0.7%) gerewere identified whereaso virulence gerewere identifiedA.
baumannii Among AmpC betdactamresistant bacteria high burden of virulent genes caused by
E. coli was found in the Medical, Emergency, and ICU departments. HowKlelsiella
pneumoniaevas abundant in General surgery (Figdr@. The most abundant virulence genes
were found in D7 38(27.9%), B4 36(26.5%), C8 29 (21.3%), and EOPD 21(15.4%) wards. The
red color on the graph indicates the higher load of Virulence gene availability (E&ure
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Carbapenemase Among these carbapenemsistant granmegative bacteria, 265 virulent genes
were identifiedThe most predominant virulence factor causing virulence genes were iutA, fimH,
fyuA, irp2, mrkA:ABW83989, and traT that accounted for 14(5.3%0), 13(4.9%), 13(4.9%),
13(4.9%), 12(4.5%), and 12(4.5%), respectively (Figi®e
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Figure 49: Virulent genes among carbapenem dregistant granmegative bacteria

The predominant virulence gene identified in carbapenem resiamreumoniaavere fimH,
mrkA:ABW83989, iutA, and fyuA, irp2 accounted for 11(4.2%), 11(4.2%), 10(3.8%), 8(3.0%),
and 8(3.0%), respectively. The predominant virulence gene identifieddali terC, nlpl, AslA,

capU, gad, hlyE, iss, yehB, yehC, and yehD each accounted for 8(3.0%), respectively. The
virulence dene identified iA. baumanniwere Ace, cad, came, cCF10, cOB1, ebpA, ebpB, ebpC,
efaAfs, EIrA, fsrB, gelE, hylA, hylB, SrtA, Tpx, each accounted for 1(0.4%), respectively.
Whereas three virulence genddentified in carbapenem resistancg. cloacae were
mrkA:ABW83989, terC, and nlpl accounted for 1(0.40%), respectively.
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The average virulent gene per carbapemesistant granmegative bacteria was highertn coli
followed by K. pneumoniagand E. cloacaewhich account for 22.88%, 5.73%, and 3.0%
respectivelyA. baumanniaccounted for O0.57 and t hheongest dr
carbapenennesistant grammegative bacteria in the Hematology department had a higher
prevalence of carbapenem virulence geB@$32.5%). These virulent genes identified fr&m

coli 4(8.0%), andK. pneumonia®(4.0%), accounted for 75(28.3%), and 11(4.2%), respectively.
However, from carbapenem resistangebaumannib(10%) andStenotrophomonas maltophilia
1(2.0%) virulence genes were not identified. The second higher prevalence of virulence gene
76(28.7%) were found in MICU department froln baumanniil(2.0%) andk. coli2(4.0%)
accounted for 0(0.0%), and 76(28.7%). The third higher virulence gene 61(23.0%) was identified
from the medical department frol. baumannii6(12.0%),E. coli 2(4.0%), K. pneumoniae
2(4.0%), andPseudomonas putidi(2.0%) accounted for 16(6.0%), 32(12.1%), 13(4.9%), and
0(0.0%), respectively (Appendix 14) (Figuse).

Among wards the higher virulence was recorded in 8431.3%), B5 28(10.6%), and B6
24(9.1%). From B4 A. baumannii7(14.0%), E. coli 2(4.0%), andK. pneumonia€l(2.0%),
accounted for 0(0.0%), 762(8.7%), 72(.6%), virulent gene respectively. Among. B®li
1(2.0%), anK. pneumoniaé.(2.0%), accounted for 23(8.7%), and 5(1.9%), respectively. Among
B6 K. pneumoniad(8.0%) accounted for 24(9.1%) (Appendix 14) (Figbite
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Carbapenem resistant GNB Virulence gene in wards
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4.5.8. Mutations in ESBL, AmpC, Carbapenemaseand MBLs
4.5.8.1. Mutations of Single Nucleotide Polymorphisms

In this studythere were 83/1487.7%)GNB having antimicrobial resistance gene point mutation.
Eight typesompK37 45(20%), acrR 43(19%), ompK36 43(19%), parC 30(14%), gyrA 30(14%),
parE 26(12%) ramR 2(1%), angoB 2(1%), of &otal of 220 antimicrobial gene mutations, were
recorded from 83(58.5%) bacterial straffiable 3).

Among K. pneumoniaet5/46 strains had 125(56.8%) gene mutation identified; mutations on
ompK37, acrR, ompK36, and ramR accounted for 45(36%), 43(34.4%), 35(28%), and 2(1.6%),
respectivelyE. coli, 30/36, strains had 88 (40%) gene mutations; mutations on gyrA, parC, pare,
and rpoB accounted for 30(34.1%), 30(34.1%), 26(29.5%), and 2(2.3%), respectively. Seven out
of eleven strains df. oxytocacontained a total of 7(3.2%) genes, all of which are ompK36 genes
(Table ).

Table 30: Gene mutations involved in AMR granegative bacterin=142

Species gram-negative Antimicrobial resistance gene mutation
bacteria
Total positive]ompK37 acrR ompK36 gyrA parC parE ramR rpoB Total %

K. pneumoniae| 46 45 45 43 35 0 0 0 2 0 125 56.8%
E. coli 36 30 0 0 0 30 30 26 O 2 88 40.0%
K. oxytoca 11 7 0 0 7 0 0 0 0 0 7 3.2%
A. baumannii 35 0 0 0 0 0 0 0 0 0 0 0.0%
E. cloacae 9 0 0 0 0 0 0 0 0 0 0 0.0%
S. maltophilia 2 0 0 0 0 0 0 0 0 0 0 0.0%
P. monteilii 1 0 0 0 0 0 0 0 0 0 0 0.0%
P. rettgeri 1 0 0 0 0 0 0 0 0 0 0 0.0%
C. shandongen| 1 0 0 0 0 0 0 0 0 0 0 0.0%
Total 142 83 45 43 42 30 30 26 2 2 220 100%
% 58.5%| 20% 20% 19% 14% 14% 12% 1% 1% 100%

Mutations on ompK37, acrR, and ramR genes were foukd pneumoniaeThe ompK36 gene
was found irK. pneumonia@andK. oxytoca Mutations on gyrA, parC, and parE genes were found
in E. coli (Figure52).
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Figure 52 Mutations in antimicrobial resistance genes of Graygative bacteria in admission
wards

Among eight genes, 956oint mutations were recorded. However, 22(2.3%) of the mutations were
frameshift mutations and the rest 934 were point mutations. One or more gene mutations were
observed on the antimicrobial resistance gemable 3 showsthe prevalence of antimicrobial
resistance gene mutatiortee average number of point mutations @mpK36, acrR, ompK37,

gyrA, parC, pare, ramR, and rpoB accounted for 9.5, 7.0, 3.1, 2.0, 1.2, 1.0, 1.0, and 1.0,
respectively. ompK37, acrR and ompK36 were thest prevalent antimicrobial resistance

mutations (Table B.

Table 31: Different kinds of mutationprevalent in AMR grarnegative bacterin=142

Genes Gene mutation Point mutation Frameshift mutation Ave p-
mutation
N % N % N % N
ompK37 45 20.5% 140 14.6% 8 36.4% 3.1
acrR 43 19.5% 301 31.5% 7.0
ompK36 42 19.1% 390 40.8% 14 63.6% 9.3
gyrA 30 13.6% 59 6.2% 2.0
parC 30 13.6% 36 3.8% 1.2
parkE 26 11.8% 26 2.7% 1.0
ramR 2 0.9% 2 0.2% 1.0
rpoB 2 0.9% 2 0% 1.0
Total 220 100% 956 100% 22 4.3
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All the frameshift mutations were identified frdfa pneumoniaeTheK. pneumonia®.M2330Q-
frameshift mutations were identified in ompK37 genes from B4 (1), B6 (3), C/W (2), AND C7(1)
wards. Similarly,K. pneumoniag.Q235Y frameshift was seen in ompK37gene from B6 (1).
Finally, the K. pneumoniag.N304E frameshift mutation were seen from ompK36 gene from
B6(6), B7(2), C/W (2), D7(2), D8(2) ward$able 2.

Table 32 Frameshift mutation iK. pneumoniagsolated fronbloodstream infection=142

Wards Species Genes  frameshift Mutations  Total

B4 (1), B6 (3), C/W (2), AND K. pneumoniae ompK37 p.M233Q- frameshift 7
C7(1)
B6(6), B7(2), C/W (2), D7(2) K. pneumoniae ompK36 p.N304E- frameshift 14
D8(2)
B6 K. pneumoniae ompK37 p.Q235Y- frameshift 1
Total 22

The study shows that the bacteria with the high prevalence of point mutation§. \waseimoniage
E. coli, andK. oxytocaIn K. pneumonia@mpK36, acrRand ompK37 genes were predominantly
found in B6. The most affected wards are B6, D7, and C/W are highest loaded wards5Fjigure

Antimicrobial Resistance Mutationes in Wards
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Figure 53: Antimicrobial resistance gene mutations in admission wardsaoftnegative
bacteria isolated from bloodstream infections

130



Departments

Highest gene mutation was observed in NICU 60 (27.3%), Medical 60 (27.3%), and Hematology
59 (26.8%)Table 3).

Table 33: Antibiotic resistance gene mutation of gramgative bacteria bloodstream infections
in departments=142

Department of Antimicrobial resistance gene mutation Total Total %
Follow-up ompK37 acrR ompK36 gyrA parC parE ramR rpoB

NICU 20 18 21 0 0 0 1 0 60 27.3%
Medical 12 12 11 9 9 7 0 0 60 27.3%
Hematology 6 6 5 14 14 13 0 1 59 26.8%
G. Surgery 6 6 4 0 0 0 0 0 16 7.3%
SICU 1 1 1 1 1 1 1 0 7 3.2%
Emergency 0 0 0 2 2 1 0 1 6 2.7%
MICU 0 0 0 2 2 2 0 0 6 2.7%
Orthopedics 0 0 0 1 1 1 0 0 3 1.4%
ENT Unit 0 0 0 1 1 1 0 0 3 1.4%
Total 45 43 42 30 30 26 2 2 220 100 %

The most affected departments were NICU, medical, hematology, and general surgery with

ompK36, acrR, and ompK37 genes (Figbdig

Antimicrobial resistance gene mutation in department

® Departments
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Orthopedics .
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Figure 54: Antimicrobial resistance gene mutations gramnegative bacteria isolated from

bloodstream infections in departments
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4.5.8.2. ESBL, AmpC, Carbapenemase and MBLs Drug Resistance Dueto
Antimicrobial Resistance Gene Mutation ofE. coli, K. Pneumoniae and

K. Oxytoca

ESBL: Among 83 strains, all 17 thirgeneration cephalosporin resistance and ESBL prodiicer
coli havegyrA (p.D87N, p.S83L), parC (p.S80I), and pare (p.L416F) or (p.Ip20l(p.S458A

or (p.S4587 mutations. But, 4 of them hayarC (p.E84V, p.S80I) instead of paf@.S80I).
Among sixthird-generation cephalosporin resistance and ESBL prodQcexytoca,all have
ompK36 (p.N49S, p.T184P) except the one having ompK36 (p.A183S, p.A190W, p.A217S,
p.E232R, p.F198Y, p.F207W, p.L191S, p.L228V, p.N218H, p.N49S) many point mutations.
Among all 33 thirdgeneration cephalosporin resistance and ESBL produga@neumoniaesix

of them (ST1799*, Stnov, ST45*, Stnov, ST973*, Stnov, ST973*, Stnov, ST973*, Stnov, and
ST973*, Stnov) arenovel drugresistantK. pneumoniaeAll have acrR (p.F172S, p.F197l,
p.G164A, p.K201M, p.L195V, p.P161R, p.R173G), ompK36 (different kinds of point mutation),
and ompK37 (p.1128M, p.I70Mnutations. But seven of thenddn 6 t  hoanpK&6 gene and
oned i dhawetthe acrRnutation. AmongK. pneumoniaéwelve had additional different types

of point mutations otheompK37 gene and five of thehad frameshift mutation on the ompK37
(p-M233Q) gene. Among 5third-generation cephalosporin resistance and ESBL producers, 22
Klebsiellaspp 18 K. pneumoniaeand 4K. oxytocawere found in the NICU. That means there
were ESBL produceflebsiella speciewith higher prevalence in NICU (Sup Table Excel).

AmpC: SevenE. coli, oneK. pneumoniaecand oneK. oxytocawere AmpC and ESBL drug
resistant. All AmpC resistant bacteria have gyrA (p.D87N, p.S83L), parC (p.S80I), parE (p.S458A)
point mutations except FF02_14E coli ST410. ST692 had additional rpoB (p.Q513L) and
FF02_2927E. coli ST167andST877 have rpoB (p.Q513L) instead of parE (p.S458A) mutated
gene. This indicated that gyrA (p.D87N, p.S83L), parC (p.S80I), and parE (p.S458A) genes have
an association with AmpC and ESBL drug resistance (Sup Table). The AmpC, ESBL FF02_5807
K. oxytocaST91 had an ompK36 (p.N49S, p.T184P) mutated gene. The FFOX G@@&Eumoniae
ST711 had acrR, ompK36, and ompK37 genes (Sup Table Excel).

Carbapenem: All carbapenemresistantk. pneumoniadiad acrR (p.F172S, p.F1971, p.G164A,
p.K201M, p.L195V, p.P161R, p.R173G), ompK36 with different point mutations, and ompK37
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(p.1128M, p.I70M) antimicrobial resistance mutation. Two FF02_ 291 and FF02_ K884
pneumoniaeST147 lack the ompK36 antimicrobial resistance mutation gene. However,
FF02_2840K. pneumoniaeST4407 had only ompK37 (p.1128M, p.I70M) mutatichmong
carbapenem resistanEe coliall have ST167, ST2 multilocus sequencing type exX€EpR_ had
additional ST74Imultilocus sequencing type. All have gyrA (p.D87N, p.S83L), parC (p.S80I),
and pare (p.S458A) except FF02_3913 whick dyaA (p.D87N, p.S83L)and parC (p.E84G,
p.S80l)mutationg(Sup Table Excel).

4.5.9. Molecular Epidemiology of Plasmid MLST and Plasmid Genein Gram-
Negative Bacteriafrom Bloodstream Infection
4.5.9.1. Plasmid MLST and Plasmid Genein Gram-Negative Bacteria from

Bloodstream Infections

Plasmid multilocus sequen¢BlasmidMLST)and drug resistance plasmid gene were identified
usingplasmidMLST and PlasmidFinder in order to comprehend the dynamics of drug resistance
gene transmissio.he PlsmidFinder outputs from 142 isolates showed that 103 (72.54%) of the
gramnegative bacteribad drugresistant plasmid multilocus sequencing and 108 (76%) had drug
resistant plasmid genes. Among all strains, 133 (10@&midMLSTand 451 (100%) plasmid
genes were identifiedrive isolates had drug resistance gararying plasmids without plasmid
multilocus identificationAmong isolates that hattugresistanplasmid multilocus sequence type
wereK. pneumoniae, K. oxytoch, coli, andE. cloacaeaccounting for 46(100%), 11 (100%), 34
(94.4%) and 8(88.9%), respectively. AK. pneumoniae, K. oxytoc&. coli and E. cloacae
isolatescarried plasmids containirdyugresistangenesOut of 35A. baumanniisolates, plasmid
genes were identified from 5 isolates (14.3%) alasmidMLSTfrom 3 isolates (8.6%) were
identified.(Table 3}).

Table 34: Plasmid MLST and plasmid gene in 1deamnegative bacteria

Species Species havingPlasmid Species havindPlasmid T. Plasmid T. Plasmid Ave. P.
MLST gene MLST Gene Gene

Neg Pos % Total|Neg Pos % Totall N % N %

K. pneumoniae 0 46 100% 46 | O 46 100% 46 |59 44.4% 171 37.9% 2.9
E. coli 2 34 944% 36 | 0 36 100% 36 |37 27.8% 177 39.2% 4.8
K. oxytoca 0O 11 100% 11 | O 11 100% 11 |20 15.0% 56 12.4% 2.8
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E. cloacae 1 8 889% 9 0O 9 100 9 |10 75% 29 6.4% 2.9
A.baumannii 32 3 86% 35|30 5 143% 35 | 6 45% 16 3.5% 2.7
P. Rettgeri 0 1 100% 1 0O 1 100% 1 1 08% 2 04% 2.0
S.maltophilia 2 0 0.0% 2 2 0 0% 2 0 00% O 0.0% 0.0
P. monteilii 1 0 00% 1 1 0 0% 1 0 00% O 0.0% 0.0
C. 1 0 00% 1 1 0 0% 1 0 00% O 0.0% 0.0
shandongense

Total 39 103 72.5% 142 | 34 108 76% 142 |133 100% 451 100% 3.4

Among 46(100%X. pneumoniaea total of 59 (44.4%) plasmid MLST and 171(37.9%) plasmid
genes were identified. Similarly, in 34/36 (94.4%)coli had 37 (27.8%) plasmid MLST and
carried 177 (39.2%) plasmid genes. All of thK.9xytocaisolates had 20(15%) plasmid MLST

and carried 56(12.4%) plasmid repliconsElrcloacaeamong 8(88.9%) isolates 9(100%) plasmid
MLST were identified and all of them carried plasmid replicons. Among. B2umanniB (8.6%9

isolates had 6(4.5%) total plasmid MLST and 16(3.6%) plasmid replicons. There was no Plasmid
MLST and plasmid gene identified ih monteilii

Among 133 drugesistant plasmid incompatibility (Inc) groups IncF RST, 98 (74.8%), IncHI 23,
(17.6%), IncA/C 5, (3.8%), and IncN, 5 (3.8%), were identified. Among the top 5 plasmid
multilocus sequence types IncF RST[K7:Bx], IncHI2 DLST1, IncFRST[FA-:B-], IncHI1
MLST Unknown, and IncF RST[K4:AB-] accounted for 22(16.5%), 14(10.5%), 10(7.5%),
9(6.8%), and 8(6.0%), respectively. Among the top 5 plasmid genes IncFlI(K), IncFIB(K),
IncFIB(AP001918), IncFIA, and Col(pHAD28) accounted for 37(8.2%), 35(Y,.&%(6.5%),
28(6.2%), and 23(5.1%), respectively (Figbba,b).
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Plamid mlsts

Among wards B6, D7, B4 and C/W were the most affected areas of Plasmid MLST and {glastaiding drugresistant gene
transmission (Figureg).

Sum(Plamid mists) vs. Plasmid gene
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Figure 56: Plasmid MLST versus plasmid gexia their respecte wards amongyramnegative bacterigsolatedfrom bloodstream
infectiors
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4.5.9.2. Plasmid MLST and Plasmid Genes Identified in ESBL, AmpC, MBLSs,

and Carbapenemcarrying Gram-Negative Bacteria

ESBL: Among 74 ESBLpositive isolates 67(90.5%) PMLST and 70(94.6%) AMR plasmid genes
were identified. Threé. baumanniiST1089*Stnov, ST1351, ST699, and ST193 were ESBL

producing but didn't have PlasmidMLST and antimicrebgsistant plasmid genes.

All ESBL producelE. colihad IncF RSTPlasmid incompatibility (Inc) groups with different types
of plasmid genes, excepgv@¢ E. colimu | t i | ocus sequence typing
have plasmid MLST and they had IncY plasmid gene. Breoli multilocus sequence typing of
ST131/ST43 and IncF RST[F2M81] plasmid Ist had IncFIB (AP001918), IncFIB (H89
PhagePlasmid), IncFIB (pQil), IncFll, IncFlI(K), and IndAlpha) genes. Two ESBL producer
E. coliisolates had carbapenem genes. Thesmwli ST224/ST479 an#. coliST609 had similar
IncF RST[F48:A:B49] plasmid MLST and had Col156, IncFIA, IncFIB(AP001918), IncFII(29),
IncFII(pAMA1167-NDM-5), IncX1, and IncFIA, IncFIB(AP001918), IncFll(pAMA118YDM-

5) genes, respectively.

All ESBL ProducerK. oxytocahad plasmid MLST and plasmid genédl. K. oxytocahad IncF
RST[K4:A-:B-], IncHI2 DLST1plasmid MLST except 3 had IncF RST[K4:Bc], IncN MLSTS5,
and IncF RST[K4:AB-], IncHI1 MLST Unknown. ThreeK. oxytoca (ST137) had IncF
RST[K4:A-:B-], IncHI2 DLST1 plasmid MLST and Col440l, IncFIA(pBK30683), IncFIB(K),
IncFII(Yp), IncFII(pKP91), IncHI2, IncHI2A plasmid gene. K. oxytocaK. oxytoca(ST305)
IncF RST[Y6:A:B-], IncHI1 MLSTUnknown and InckF RST[K17:B-], IncHI2 DLST1 plasmid
MLST had carbapenem gene Col440l, IncFIB(K)(pCAV1Q1949), IncFIB(pNDMMar),
IncFII(Yp), IncHILB(pNDM-MAR) and IncFIB(K), IncFIB(pNDMMar), IncHI2, IncHI2A gene,
respectively (Supp table Excel).

All ESBL producerK. pneumoniadad InckF RST plasmid incompatibility group but six of them
had additional IncHI1 MLST Unknown and two of them had additional IncN MLST Unknown
and IncHI2 DLST1. Six ESBL producé€. pneumoniaehad IncF RST and IncHI1 plasmid
incompatibility group had NDM (IncFIB(pNDMMar), and IncHILB(pNDMMAR)) carbapenem

resistant gene; however, the bacteria were phenotypically and PCR confifhmeh&ation
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cephalosporisresistant and ESBL producer. THé@neration cephalosposiesistant and ESBL
producerP. rettgerihad IncN MLST Unknown plasmid MLST and IncN3, IncX5 plasmid gene;

however,S. maltophilliadidn't have plasmid gene (Supp table Excel).

AmpC: Among AmpC betdactamase 76.5% had plasmid carrying antimicrobial resistant genes.
Among AmpC betdactamase resistanée baumannisequence types ST1397, ST1998, ST2018,
ST2814, and ST1850 di dBE.&lbacaesaquence pypesS$s25d hdd Iigle ne s .
RST[F: A-:B-], and IncHI2 DLST1 plasmid MLST and Col(IMGS31), IncFIB(K), IncHI2,
IncHI2A, and IncR genes.But, one ST148 sequence type had IncF RSTB3:Aand
Col(pHAD28), Col156, IncFIB(K), IncFlI(Yp) AMR plasmid gene. E coli three strains had
ST410, ST692 and IncF RST[F1:A1:B4AasmidMLST and Col(BS512), Col(MG828), IncFIA,
IncFIB(AP001918), and IncFlI(pAMA116RIDM-5) AMR plasmid genes. The. coli sequence
type ST167/ST877 having IncF RST[F31:A4:B1] plasmid MLST showed Col(BS512), IncFIA,
IncFIB(AP001918), IncFIl, and Incti(Alpha) AMR plasmid genes. Amoni§lebsiella spp K.
pneumoniaeand K. oxytoca ST711/ST91 had IncF RST[K7:8-] plasmid MLST and
IncFIB(pQIl), IncFIB(K), IncFII(K) and Col(pHAD28), IncFIB(K), IncFlI(K) plasmid AMR
genes (Sup Table Excel).

Carbapenem Among 28 carbapenemnesistantA. baumanniitwo of them multilocus sequence

type ST1809/ST451/ST2 and ST1837/ST369/ST2 had plasmid MLST IncF R&TH,

IncHI2 DLST1* and IncHI2 DLST1* had IncFIA, IncHI2A, and IncHI2 plasmid gene. The rest

two multilocus sequence types ST1806/ST208/ST2,and ST238 T4 05/ ST1 di dndét h
MLST but had plasmid gene Col(BS512) and rep9b, repUS43. The rest 22 carbapenem and 2
MBLs-resistanfA. baumannididn't have plasmid MLST and plasmid genes. One Missstant

S. maltophiliamultilocus sequence type ST249 a@drpaenentesistantP. putidamultilocus

sequence typ8T46didn't have plasmid MLST and plasmid gene. One carbapenem resiStance
cloacae multilocus sequence type ST310 had IncF RSAFB70] plasmid MLST and
Col(pHAD28), IncFIlI(pECLA) plasmid gene.

Of the 8 carbapenemesistantE. coli isolates sequenced, one multilocus sequence type
ST617/ST2/ST741 had IncF RST[F1:B-]plasmid MLST and Col(MG828), Col(pHAD28),
IncFIA, IncFIB(AP001918), IncFII(pRSB107), Incl{Alpha), IncY plasmid genes. Two
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Drug resistant type

carbapenennesistantE. coli multilocus sequence type ST8915/ST757 had IncCFRST [F29:A
:B10], IncA/C PMLST1 plasmid MLST and Col(MG828), Col156, IncC, IncFIB(AP001918),
IncFIB(H89-PhagePlasmid), IncF11(29), Incl{Alpha) plasmid gene@~igure &) and (Supp table

Excel).
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Plasmid multilocus sequencing type
Figure 57: Plasmid MLST in different betlactamasgramnegative bacteria

Two E. colimultilocus sequence types ST167/ST2 had Inck RST[F3B:Pplasmid MLST and
Col156, Col440l, IncFIA, IncF]lincX4 plasmid genes. Other tvw coli multilocus sequence

types ST167/ST2 had IncF RST[F31:B1] plasmid MLST and IncFIA, IncFIB(AP001918),
IncFll, Incl(Gamma) plasmid genes; but the one had additional repl4a, repl7, repl8a, repl8b,
repUS15, repUS43, repUS7 plasmid genes. Finally from canespresistant onekE. coli
multilocus sequence type ST167, ST2 had IncF RSTFR:Aplasmid MLST and Col(BS512),
IncFIA, IncFll, Incl1-1(Alpha) plasmid genes. Surprisingly except for éhgpneumoniaand 2

A. baumanniil3 PDR isolates didn't have a plasmid gene. This result showed that it is a

chromosomal drugesistant character (Figur&@sand (Supp table Excel).
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4.5.10.Molecular Epidemiology of Hospital Disinfectant Resistant GramNegative
Bacteria and Responsible Genes iBloodstream Infections

4.5.10.1 Disinfectant Resistant Bacteria and Disinfectant Resistance Gese

Among whole genome sequenced GNB 90(63.4&the of thenwere resistant to disinfectants

like Benzalkonium chloride 77(52.2%), Cetylpyridinium chloride 77(52.2%) and had OgxA
41(28.9), OgxB 41(28.9), and gacE 49(34.5) disinfeatasistant genesin this study,
Benzalkonium chloride, Cetylpyridinium chloride, Chlorhexidirend Hydrogen peroxide
resistance gesewnereidentified however othedisinfectarntresistant gereewere not identified.
These disinfectants include alcohol, glutaraldehyde, hydrogen peroxide, sodium hypochlorite
(bleach), iodine, peracetic acid, phenol, and silver. As a result, the disinfectants mentioned here
are not resisted by gramegative bacteria and can be used basmedur purposeAmong
disinfectartresistant GNBE. coli, K. pneumoniae, E. cloacaand A. baumanniiaccounted for
35(97.20%), 42(91.30%), 4(44.40%), and 7(20%), respectively. Among disinfeesistant
bacteriaA. baumannii,7(20%), E. cloacae4(44.40%), and. rettgeri, 1(100%), species were
resistant to benzalkonium chloride, cetylpyridinium chloride, chlorhexidine disinfectant and had
gack disinfectant resistant genes. All, 42(91.3%), disinfectammtantK. pneumoniaewere
resistant to benzalkonium chloride and cetylpyridinium chloride and possessed OgxA and OgxB
disinfectardresistant genes; but 14 of them had additional chlorhexidine disinfeetasiant
genes. Twenty 2E. colihad benzalkonium chloride, cetylpyridinium chloride, and chlorhexidine,

and 21 of them had hydrogen peroxide resistance genes (Bable 3

Table 35: Identification of chemicals disinfectant resistance and their gene profijgaot

negative bacterikom bloodstream infection=142

Gram- Chemical dsinfectant resistant Dis. resistance gene
Negative = = 0
i 2 S e 5 )
bacteria = g o < :_g % 'g <« m w O
N|NegPos. % |65 £¢ss5 2|5 & & 2
s S2¢&= 5|0 O © 2
g ° T c=2° = 0
sl S @)
K.pneumoniae 46 | 4 42 91.3%| 42 0 42 14 1 41 41 14 O
E. coli 36| 1 35 97.2% 22 21 22 22|10 0 222 21
A.baumannii 35| 28 7 20.0% 7 0 7 710 0 7 O
K. oxytoca 1110 1 91% 1 1 1 0 0 1 0

140



Disinfectant Resistant Gene

E. cloacae 9| 5 4 444% 4 0 4 410 0 4 O
S. maltophiia 2 | 2 0 0.0%| O 0 0 O] 0 O 0 o©O
P. Rettgeri 110 1 100%| 1 0 1 1,0 O 1 O
P. monteilii 111 0 00%| O 0 0 O] 0 O O ©O
C. 111 0 00%| O 0 0 O] 0 O 0 oO
shandongense

Total 142 52 90 63.4%| 77 13 77 49 | 41 41 49 21

142

In this study 13 hydrogen peroxide disinfecteggtistantE. coli strains had sitABCene. The
benzalkonium chloride, cetylpyridinium chloride, chlorhexidine, and hydrpgeoxideresistant

E. colihad gacE and SitABCD genes. The benzalkonium chloride, cetylpyridinium chloride, and
chlorhexidine resistance were associated with the gacE gene in all GNB Exgepgumoniae
having OgxA and OgxB genekike other antimicrobial resistance genes, B6 (29) still had the
leading prevalence of disinfectant resistance genes followed by C/W (12) and D7 (10) (8jgure 5
(Sup Table Excel)Hydrogen peroxide may be helpful for NICU because it can disinfect

commonly found grarmegative bacteria in the department (Figudg 5
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Figure 58 Disinfectantresistant genes in gramegative bacteria isolated from bloodstream
infections in wards
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Disinfectant resistant gene in relation to their departments
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Figure 59: Disinfectantresistant genes in granegative bacteria isolated from bloodstream
infection in departments

4.5.10.2Disinfectant with ESBL, AmpC, Carbapenemase and MBLs Drug

Resistart Gram-Negative Bacteria

There are disinfectant chemical resistance and disinfectant chemical resistarsciedjsawtly
associated with drug resistance typ&8BL, AmpC, Carbapemase, and MBLs drug resistance

in GNB. In this studyE. colistrains regardless of drugsistant type (ESBL, AmpC, Carbapenem,

and MBL) are resistant to hydrogen peroxide disinfectant and were associated with the sitABCD
gene. The benzalkonium chloride, cetylpyridinium chloride, and chlorhexidine resistance were
associated with the gackE gene in Thgeneration cephalosporin resistance and mainly in
CarbapenennesistantA. baumannii In K. pneumoniaehaving OgxA, and OgxB genesere
associated with benzalkonium chloride and cetylpyridinium chloride disinfectant resistance in the
majority of 3¢ generation cephalosporin and Carbapenem resistAhnest all bacterial species

that are resistant to benzalkonium chloride, cetylpyridinium chlpadd chlorhexidine were

associated with the gacE gene (Figbdg
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Figure 60: Disinfectant resistance in granegative bacteria having bdtctamase drugesistant
types

K. pneumoniaechad a higher percentage of ESBL and carbapenemase producers with
benzalkonium chloride and cetylpyridinium chloride resistance and having OgxA and OgxB
genesE. coli had higher values of ESBL and AmpC with resistance to benzalkonium chloride,

cetylpyridinium chloride, and chlorhexidine with gacE disinfectasistant gene (Figu@o).

4.5.11.Pan-Drug ResistanceA. baumanniiand Klebsiellapneumoniae

4.5.11.1 Multilocus Sequence Typing oPDR Bacteria

Among 17 PDR bacteria, 15 passed the QC score. Among 15 PDR strains 1 tauenannii

and the rest one w&s pneumoniaeThekcst MLST-based DNA multilocus sequence typing of

the seven conserved housekeeping genespfaries identification showed ten of tHe02_1726,
FF02_1726.6, FF02_1961.2, FF02_3274, FF02_2606, FF02_3004, FF02_3557, FF02_ 3985,
FF02_5289, and FF02_5292 baumannisequence type ST1837/ST369/ST2 were similar. The
two A. baumanniFF02_1573 and FF02_3205 sequence types were ST1809/ST451/S1ie and
two A. baumanniiFF02_4067A and FF02_6351sequence types were ST1697/ST2535/ST2
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