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INTRODUCERE

Infectiile nosocomiale reprezintd una din cele mai importante probleme de sanatate publica
din intreaga lume, care cauzeaza anual un numar urias de morbiditati si decese si impovareaza
bugetele destinate sanatatii fiecarui stat. Cele mai frecvente infectii nososcomiale sunt reprezentate
de infectiile sanguine, infectiile aparatului respirator,infectiile chirurgicale si ale plagilor si
infectiile urinare. Infectiile plagilor reprezintd peste 25% din totalul acestor infectii si necesita pe
langa tratamentul antibiotic si alte proceduri chirurgicale ca incizii si drenaje, care prelungesc si
mai mult procesul de vindecare.Desi tratamentul infectiilor bacteriene necesitd admnistrarea de
antibiotice dupd protocoale bine stabilite pe plan mondial, administrarea in exces si nejustificata
de cele mai multe ori a antibioticelor a dus la aparitia rezistentei antimicrobiene si a bacteriilor
multirezistente. Stafilococul Aureus Meticilinorezistent MRSA si Escherichia coli sunt cele mai
elocvente bacterii In acest caz, se intalnesc atat in spital cat si comunitar, la oameni dar si la
animale, fiind consideratd cea mai ingrijoratoare amenintare la adresa sandtdtii populatiei din
intreaga lume.

STADIUL ACTUAL AL CUNOASTERII

Nanoparticulele metalice, in special cele de argint, datorita proprietatilor lor unice si
speciale pot deveni o alternativa la tratamentul antibiotic, antitumoral, antigungic, antivral sau
antinflamator. Nanoparticulele de argint se pot obtine prin mai multe metode:fizice, chimice si
biologice, fiecare cu avantajele si dezavantajele sale. Caracteristicile cele mai importante ale
nanoparticulelor sunt influentate de metoda de producere si sunt date de forma, marime,
incarcatura electrica si concentratia acestora.Mdrimea nanoparticulelor de argint determina
proprietdtile fizice, chimice si biologice, este influentatd de metoda de producere si de conditiile
de mediu. Cele mai multe studii din literatura de specialitate au aratat ca nanoparticulele de
dimensiuni mici au activitatea cea mai intensd. Aceste activitati pot fi mult imbunatatite prin
combinarea cu alte substante care le cresc biocompatibilitatea si stabilitatea. Forma



nanoparticulelor afecteaza proprietatile optice si depinde de temperatura de reactie, tipul si
concentratia reactivilor folositi si prezenta altor substante chimice din procesul de
reactie.Nanoparticulele pot avea forme sferice, cubice, plate, triunghilare, tije, proprietate care le
influenteazd activitatea, studiile aratand ca cele sferice sunt cele mai eficiente ca agenti
antibacterieni si antitumorali. Incarcatura electrica este un alt factor care influenteaza activitatea
nanoparticulelor, studiile aratand ca incarcatura pozitiva a nanoparticulelor de argint a demonstrat
o activitate antibacteriand si toxicitate crescutd pentru cd membrana celulei bacteriene fiind
incarcatd negativ ca Incarcaturd electrica, atrage ionii pozitivi care patrund mai usor in celula
bacteriand. Desi mecanismul de actiune nu este pe deplin elucidat, este strans legat de proprietatile
fizice, chimice, optice si electrice ale nanoparticulelor si se bazeaza pe interactiunile ionilor de
argint cu membrana celulei bacteriene care duce la distrugerea integritatii membranei, produce
stres oxidativ si specii reactive de oxigen, se perturbda metabolismul celular si sinteza de ATP, iar
sinteza ADN-ului este modificatd avand ca urmare moartea celulei.

Studiile din literatura de specialitate au ardtat cd nanoparticulele de argint prezintd
activitate antibacteriand, antitumorald, antivirala, antifungica, antiinsecticida, antihelmintica si
antidiabetica, fiind utilizate pe scara larga in cele mai diverse domenii de activitate ca medicina si
farmacie, industrie si agriculturd, protectia mediului, etc...

CONTRIBUTIA PERSONALA

Teza de fata are 3 obiective majore:

1. Sa stabileasca rolul infectiei cu Staphylococcus aureus si Escherichia coli asupra evolutiei
pacientilor internati in sectiile chirurgicale cu patologie digestiva si cu alte comorbiditati

2. Saidentifice factorii de risc in aparitia acestor infectii provocate de Staphylococcus aureus
si Escherichia coli si modul in care influenteaza starea si evolutia pacientului de la internare
pana la externare

3. Sa identifice alte metode de tratament, pe langa antibioterapia folositd in prezent pentru
tratamentul pacientilor infectati cu aceste superbacterii.

Obiectivele propuse s-au realizat prin 3 studii. Primele doua studii au fost de tip
retrospectiv si au analizat influenta infectiei cu Staphylococcus aureus si Escherichia coli asupra
unui lot de pacienti internati in perioada 1 ianuarie 2018 - 31 decembrie 2019 in sectiile
chirurgicale si terapie intensiva ale Institutului Regional de Gastroenterologie si Hepatologie O.
Fodor din Cluj Napoca si au urmadrit evolutia acestor pacienti pana la externare, analizand prin
metode statistice corespunzatoare, corelatiile dintre rezultatele probelor biologice, tipul infectiei
asociata cu comorbiditatile pacientilor luati in studiu, tratamentul aplicat si legatura dintre infectie
si starea la externare a acestor pacienti. Aceste studii au stat la baza publicarii articolelor in
revistele de specialitate. Al treilea studiu este un studiu experimental, care poate constitui o baza
de pornire pentru investigatii suplimentare care urmaresc posibilitatea de a aplica diferite
tratamente ca nanoparticule metalice biofunctionalizate cu antibiotice, pentru cazurile unde s-au
pus in evidenta bacterii multirezistente.



In primul studiu retrospectiv, s-a urmarit evolutia a 34 pacienti la care s-a pus in evidenta
bacteria din genul Staphylococcus. In urma prelucrarii statistice a datelor colectate, am obtinut
urmatoarele date:Pacientii luati in studiu, 23 de barbati si 11 femei, 18 au provenit din mediul
urban si 16 din mediul rural, au avut varste cuprinse intre 26 si 85 de ani iar numarul de zile de
spitalizare a fost cuprins ntre 2 si 91 de zile. La acesti pacienti s-au consemnat mai multe tipuri
de comorbiditati(cardiace, digestive, pulmonare, renale neurologice si diabet zaharat)care au
influentat valorile probelor bilogice recoltate la internare si s-au obtinut mai multe date
semnificativ statistic (p<0,05 )in cazul hematiilor, hematocritului hemoglobinei, proteinei C
reactive, ureei, creatininei si in cazul pacientilor diabetic sia glicemiei . In cazul pacientilor luati
in studiu, valorile ureei si creatininei serice au fost crescute inca de la internare in cazul pacientilor
cu boli renale consemnate si au avut valori normale in cazul pacientilor fard afectare renala
considerandu-se valori normale ale ureei 18-48 mg/dl si pentru creatinind 0.67-1.17mg/dl.Pe
perioada interndrii, pentru punerea in evidenta a bacteriilor s-au recoltat mai multe tipuri de probe,
cele mai multe au fost hemoculturi, apoi insdmantari ale cateterului venos central, uroculturi,
secretii treheale, din plaga, peritoneale si de la nivelul tubului de dren, coproculturi si biliculturi.
Din totalul probelor pozitive, 14 probe au detectat prezenta Staphylococcus aureus
meticiclinorezistent. In cazul secretiilor traheale, dintr-un numar de 12 probe pozitive, in 6 cazuri
a fost detectata prezenta MRSA, urmatd de hemoculturi si insdméantarea cateterului venos central
cu cate 3 probe pozitive pentru pentru aceasta bacterie multirezistenta. Tratamentul antibiotic a
fost realizat cu mai multe clase de antibiotice,administrarea a tinut cont de boala de baza,
comorbiditatile asociate, starea pacientului, rezultatele probelor biologice si bacteriologice
recoltate pe parcursul interndrii, varsta si alergiile medicamentoase consemnate la pacientii luati
in studiu.Cei mai multi pacienti au primit Nitroimidazol, Cefalosporine de generatia a Ill-a,
Carbapenemi,Glicopeptide si Polipeptide, iar cate un pacient a primit Cefalosporine de generatia
a Ila, Lincosamide, Nitrofurani si Tetracicline in una sau mai multe combinatii.

Cele mai multe decese inregistrate au fost in cazul combinatiilor 10 (Cefalosporinele de
generatia a III a cu Carbapenemi si Nitroimidazol), 4 (Carbapenemi cu Glicopeptide) si 5
(Carbapenemi cu Polipeptide), dovedind ci combinatiile administrate nu au fost eficiente.In lotul
studiat au fost inregistrati 13 pacienti cu boala renala confirmata la internare iar 9 dintre acestia au
decedat si 4 pacienti au fost declarati ameliorati.In acest lot nu am avut nici un pacient declarat
vindecat la externare ci numai ameliorati si decedati. Acesti pacienti au primit una sau mai multe
combinatii de antibiotice pe perioada internarii dar aceste combinatii nu au avut efectul scontat. 5
dintre ei au primit si combinatii de 7 antibiotice, 3 pacienti au primit cate 6 combinatii si doar un
pacient a primit o singurd clasd de antibiotice.Decesul in lotul studiat a fost de 44.11% ( 15
pacienti), sexul masculin fiind cel mai afectat. Doar 5 pacienti din lotul studiat au fost declarati
vindecati la externare (14.7% ) si ameliorati 14 (41.17%). Peste 50% dintre decese au avut ca si
cauzi o boali neoplazici alaturi de infectia stafilococici detectata pe parcursul internrii.In cazul
pacientilor din lotul studiat, valorile medii ale ureei au fost mult crescute in cazul pacientilor cu
boli renale si a celor decedati (118.08+£60.22) si au fost consemnate valori normale in cazul
pacientilor fara afectare renala.

Factorii de risc au fost reprezentati de varsta si comorbiditatile pacientilor, internarea
prelungitd mai ales pe sectiile de terapie intensiva, tratamentul prelungit cu antibiotice si



manoperele medicale invazive care pot fi sursad de infectii nosocomiale . Datele obtinute au aratat
ca bolile renale si diabetul zaharat au fost factori de risc importanti si relevanti. Internarea
prelungita (peste 30 de zile ) a fost intalnita Tn multe din cazurile luate in studiu, media spitalizarii
fiind cuprinsa la barbati intre 29.913+/-22.055 zile si la femei 33.091+/-27.671, numarul maxim
de zile de spitalizare in cazul unui pacient luat n studiu fiind de 91 de zile. Anemia a fost unul
dintre factorii de risc majori care a influentat multe din corelatiile inregistrate, fiind relevanta
statistic in multe cazuri. La fel ca Staphylococcus aureus, MRSA poate da o multitudine de infectii
cu localizari diferite.Si n acest studiu mortalitatea pacientilor cu boli severe la care au fost
detectate infectii stafilococice a fost ridicata, peste 40%, durata spitalizarii prelungita si costurile
de tratament ridicate.

Al doilea studiu retrospectiv, a inregistrat 201 de pacient internati la care s-a pus 1n evidenta
bacteria E coli. In urma prelucririi statistice a datelor colectate din foile de observatie a pacientilor
internati Tn perioada mentionata, am obtinut urmatoarele date: au fost inclusi in studiu un total de
201 pacientidintre care 114 barbati si 87 de femei cu o medie de varstd de 63.3584 ani +/-
13.8821(DS), 117 provenind din mediu urban si 84 de pacienti din mediu rural, cu un numar mediu
de zile de spitalizare de 20.866 zile +/-20.7831(DS).Din totalul pacientilor luati in studiu, 199
dintre acestia au avut patologie digestiva (99.0049 %), 163 de pacienti au avut una sau mai multe
boli cardiace (81.09%), 41 de pacienti au avut boli neurologice (20.39%), 113 pacienti au avut
diabet zaharat de tip I sau II (56.21%), 67 de pacienti au avut boli renale (33.33%) si 43 de pacienti
au avut boli pulmonare (21.39%). Din cei 201 pacienti luati in studiu 67 dintre acestia, adicd 33.3%
au avut afectare renala confirmata inca de la internare, valoarea medie a uremiei a fost de 65.76
mg/dl +/-52.41(DS). Valoarea medie a uremiei la internare, in grupul studiat, la pacientii fara boala
renalda (FBR), prezentand E coli patogen, a fost de 37.25mg/dl +/-17.39(DS) pentru 66.6 %
pacienti. Corelatia statisticd intre rezultatele probelor biologice (ureea sanguina si creatinina)
consemnate la internare cu boala renald in comorbiditate, la pacientii luati in studiu este
semnificativa statistic.La pacientii luati in studiu s-au detectat incd 40 de tipuri de bacterii pe langa
bacteria Escherichia coli si alte tipuri de fungi.

Datorita prezentei bacteriilor si fungilor, tratamentul antibiotic a fost initiat cu antibiotice
cu spectru larg de actiune si apoi conform antibiogramei, specific fiecarui tip de bacterie. Cea mai
frecventa clasd de antibiotice folosita a fost Nitroimidazolul, care a fost urmat de Cefalosporinele
de generatia a IIla, Carbapenemi si Glicopeptide.

Necesarul de combinatii de antibiotice din ce in ce mai complex a fost necesar in cazul
pacientilor cu comorbiditate renald unde s-a dovedit ca a existat o rezistentd crescuta a bacteriilor
la tratamentul administrat.in cazul pacientilor cu boala digestiva dar fira afectare renald numarul
de combinatii de antibiotice folosit a fost mai mic comparativ numarul de combinatii de antibiotice
folosite in cazul pacientilor cu boala digestiva si afectare renala. In cazul pacientilor cu afectare
renald care au primit combinatiile de antibiotice din grupa 3, Cefalosporine de generatia a III-a,
Carbapenemi si Glicopeptide,numarul de zile de spitalizare a fost crescut, la fel ca numarul de
decese.Cele mai mari valori ale numarului de zile de spitalizare,s-au Tnregistrat n cazul grupei de
antibiotice 11 unde am avut combinatii de Nitroimidazol cu Cefalosporine de generatia a III-
a,Carbapenemi si Glicopeptide si s-au Tnregistrat cele mai multe decese atat in cazul pacientilor cu
boala renald asociata cat si in cazul celor fara boala renald asociata.



In cazul pacientilor decedati cel mai frecvent utilizat antibiotic a fost cel din clasa
Carbapenemilor Tn 31 de cazuri, Nitroimidazolul in 29 de cazuri, in 25 de cazuri Cefalosporine de
generatia a III a si in 24 de cazuri s-au administrat Glicopeptide in una sau mai multe
combinatii.Doar doi pacienti din acest grup au primit Fluorochinolone, Peniciline si Lincosamide
si un singur pacient a primit Fluorochinolone intr-o singurd combinatie pentru infectia urinara.

Spitalizarea prelungita mai ales in sectiile de terapie intensiva, comorbiditatile asociate si
infectiile recurente, varsta pacientului, tratamentul repetat si indelungat cu antibiotice si
antisecretoare dar si manoperele medicale invazive cu risc de infectii nosocomiale sunt cétiva
dintre factorii de risc incriminati in aparitia infectiilor cu Escherichia coli.

In studiul 3 activitatea antibacteriani a nanoparticulelor de argint a fost testati impotriva
mai multor bacterii : Staphylococcus aureus ATCC 29213, Methicillin Resistant Staphylococcus
aureus cod GR 0333, Enterococcus faecalis ATCC29212, Escherichia coli ATCC 25922,,
Klebsiella pneumoniae cod GR 8575 (colonii rugoase), Pseudomonas aeruginosa ATCC 27853.
Rezultatele au indicat cd nanoparticulele de argint prezinta activitate antibacteriana dovedita prin
aparitia zonei de inhibitie, diferitd ca marime, in cazul bacteriilor studiate.

In cazul Staphylococcus aureus ATCC 29213 prin testarea la clasa de antibiotice de
betalactamine, macrolide,lincosamide si nanoparticule de argint, am obtinut urmatoarele rezultate:
antibioticele testate au dovedit efect antibacterian fapt dovedit de marimea zonei de inhibitie de
peste 10 mm in cazul penicilinei si peste 25 mm in cazul celorlalte clase de antibiotice testate,iar
solutia de nanoparticule de argint mai concentratd, de 100ug/mL a avut un efect antibacterian
superior celei de 10 pg/mL. Combinatiile de antibiotice cu nanoparticule de argint cu concentratia
100 pg/mL au avut efect bactericid superior antibioticelor sau solutiei de nanoparticule luate
separate.Efectul antibacterian al nanoparticulelor de argint depinde si de cantitatea acestora
aplicatd pe placa de mediu de culturd, zona de inhibitie este mai mare in cazul aplicarii a 100 pL
comparativ cu aplicarea unei cantitati mult mai mici de solutie (20p L). In cazul testarii aceleasi
bacterii la aminoglicozide ,antibioticele testate au dovedit efect antibacterian, zona de inhibitie in
cazul fiecarui antibiotic a fost peste 20mm, dar combinatia dintre acestea si solutia de
nanoparticule de argint cu concentratia de 10 pg/mL s-a dovedit la fel de eficienta,desi efectul
antibacterian a nanoparticulelor de argint 10 pg/mL a fost mai scazut, sub 10 mm zona de inhibitie.
Folosind aceleasi antibiotice pentru testare, zonele de inhibitie pentru antibiotic au fost la fel ca si
in cazul primei pldci dar solutia de naoparticule de argint mai concentratd a dezvoltat o zona de
inhibitie mai mare, de 12 mm comparativ cu solutia mai diluata, care a avut doar 9 mm.In cazul
testdrii la clasa de antibiotice a fluorochinolonelor,zona de inhibitie a fost in toate cele 3 cazuri
mai mare de 20mm si peste 10 mm 1n cazul nanoparticulelor de argint, dovedind efectul inhibitor
al antibioticului dar si al nanoparticulelor de argint. Si In acest caz marimea zonei de inhibitie a
fost mai mare in cazul combinatiilor dintre nanoparticulele de argint si antibioticele testate,dar in
acest caz nu am obtinut un efect sinergic intre solutiile de nanoparticule de argint si discurile de
antibiotic iar zona de inhibitie a fost mai mare pentru solutia de nanoparticule de argint de 100
ng/mL adicd 13mm comparativ cu solutia de 10 pg/mL care a avut doar 9mm.In cazul testarii la
tetracicline, sulfamide, oxazolidinone si nanoparticule de argint de 10 si 100 pg/mL am obtinut
valori ale zonei de inhibitie peste 24mm 1n cazul celor 3 antibiotice si 13 mm in cazul solutiei de



nanoparticule de argint de 100 pg/mL. Nu am obtinut efect sinergic intre antibioticele folosite si
solutiile de nanoparticule de argint din ambele concentratii.

In cazul Methicillin Resistant Staphylococcus aureus (MRSA) zona de inhibitie a fost mult
mai mica la testarea cu Penicilind]l pg (6bmm) si doar 12 mm in cazul testarii la Cefotaxim 30 pg
comparativ cu S aureus.Combinand antibioticele testate cu solutia de nanoparticule de argint cu
concentratia de 10 pg/mL efectul inhibitor este la fel cu al antibioticului,dovedind cd concentratia
scizutd de nanoparticule de argint prezintd efect inhibitor scizut.in cazul testarii la clasa de
antibiotice macrolide, lincosamide si nanoparticule de argint 10 pg/mL zonele de inhibitie obtinute
au fost mici in cazul Eritromicinei si combinatiei acesteia cu nanoparticulele de argint (12 mm) si
respectiv 31si 32 mm in cazul Clindamicinei $i combinatiei acesteia cu nanoparticulele de argint.
In cazul testarii la aminoglicozide, nanoparticule de argint si combinatiile acestora am obtinut
zone de inhibitie crescute la toate antibioticele din aceasta clasa, de aproximativ 30mm dar prin
combinarea cu nanoparticule de argint cu concentratie mica efectul inhibitor nu a fost mai mare.in
cazul testarii la fluorochinolone, nanoparticule de argint si combinatiile acestora am obtinut zone
de inhibitie crescute pentru toate antibioticele din aceasta clasa testate dar la combinarea cu solutia
de nanoparticule de argint de concentratie micd zona de inhibitie nu a fost relevant crescuta,
dovedind ca si in cazul aminoglicozidelor ci nu este eficientd. In cazul testarii la peniciline,
glicopeptide, cefalosporine de generatia a II-a si nanoparticule de argint 100 pg/mL s-au obtinut
zone de inhibitie peste 15 mm in cazul glicopeptidelor, de 12 mm in cazul cefalosporinelor de
generatia a [I-a si 16 mm 1n cazul nanoparticulelor de argint mai concentrate, comparativ cu 6 mm
in cazul solutiei de nanoparticule de argint cu concentratia de 10 pg/mL, dovedind ca cresterea
concentratia solutiei duce la cresterea direct proportionald a zonei de inhibitie. Penicilina a
dezvoltat cea mai mica zona de inhibitie (6 mm) pe aceastd placa de cultura.

La testarea bacteriei Escherichia coli la clasa de antibiotice a fluorochinolonelor am obtinut
zone de inhibitie peste 25 mm la toate cele 3 antibiotice testate si o zond de inhibitie de 14 mm n
cazul nanoparticulelor de argint 100 pg/mL, dovedint eficienta antibioticelor testatate dar si a
solutiei mai concentrate de nanoparticule de argint si se observa sinergism intre nanoparticulele de
argint si ciprofloxacina. La testarea cu aminoglicozide si nanoparticule de argint am obtinut valori
de peste 18 mm in cazul antibioticelor si 13mm In cazul nanoparticulelor de argint. Aceasi valoare
de 13 mm a zonei de inhibitie am obtinut-o in cazul testdrii £ coli la nanoparticulele de argint 100
pg/mL cu betalactamine, cu unde valorile zonei de inhibitie au fost de 17mm pentru Ampicilina
10 pg si pentru Amoxicilina 30 pg zona de inhibitie a fost de 20mm.

Managementul infectiilor produse de bacteriile multirezistente reprezintd o provocare
uriasd din cauza limitarii livrdrii sistemice conventionale de antibiotice datorita ischemiei locale,
irigatiei deficitare si prezentei necrozei tisulare. In cazul plagilor infectate cu germeni
multirezistenti penetrarea antibioticelor in aceste zone este limitatd din cauza vascularizatei
deficitare si grosimii peretelui capsular, care face de multe ori ca penetrarea si fie absolut
imposibild chiar daca se folosesc concentratii plasmatice ridicate de antibiotice. Administrarea
antibioticelor In doze crescute creste mult toxicitatea acestora mai ales la nivel hepatic, renal si
cerebral iar aceste efecte toxice pot agrava comorbiditatile existente si pot duce la agravarea starii
pacientului sau chiar la deces.



Nanoparticulele de argint demonstreaza activitate antibacteriana mai buna impotriva £ coli
comparativ cu S aureus, s administrarea lor poate deveni o alternativa la antimicrobienele sintetice
in lupta impotriva bacteriilor multirezistente.. Analizdnd activitatea antibacteriana a
nanoparticulelor de argint de diferite concentratii si a diferitelor antibiotice pentru S aureus si E
coli zona de inhibitie a fost diferitd, demonstrand ca bacteriile din grupe (gram pozitive si gram
negative) diferite reactioneaza diferit la antibiotice diferite.

DISCUTII GENERALE

Conceptul acestei teze a pornit de la faptul ca terapia standard in infectiile bacteriene ale
plagilor produse de germeni multirezistenti ca MRSA si Escherichia coli se trateaza cu antibiotice
din clase diferite conform antibiogramei si comorbidtatilor asociate a pacientului infectat. in
acelasi timp, studiind literatura de specialitate, am observat ca un numar tot mai mare de germeni
tind sa dezvolte rezistetd la multe din antibioticele existente folosite iIn mod curent.Existenta
protocoalelor standardizate de tratament in cazul bacteriilor multirezistente este bine definita si
tinde sd se aplice corect in multe din unitétile sanitare din intreaga lume. Deoarece infectiile
nosocomiale generaza costuri uriase 1n sistemele de sdnatate atat in tarile dezvoltate dar mai ales
in tarile mai sarace, morbiditatea si mortalitatea Tn aceste cazuri este deosebit de crescuta.

Pornind de la acest lucru am elaborat 2 studii in care am urmarit pe un lot mare de pacienti
efectele infectiilor bacteriene -stafilococice si cu E coli,precum si tratamentul antibiotic
administrat acestor pacienti iar in al 3 lea studiu am efectuat cercetari experimentale, in vitro, in
utilizarea nanoparticulelor de argint care ar putea fi folosite in viitor ca metoda e tratament sigura
si viabila in tratarea infectiilor provocate de germenii multirezistenti care genereaza anual costuri
uriase dar si decese in randul acetor pacienti.Rezultatele acestui studiu pot sta la baza cercetérilor
viitoare iar prin rezolvarea problemelor de stabilitate, compatibilitate si toxicitate redusa asupra
organismelor vii se pot obtine noi medicamente care sa rezolve multirezistenta bacteriana.

CONCLUZII GENERALE

Primul studiu a acestei teze a urmarit evolutia a 34 de la care s-a pus in evidentd bacteria
din genul Staphylococcus si am analizat prin metode statistice adecvate evolutia acestora pe
perioada internarii. Scopul acestui studiu a fost de a valida ipoteza conform careia infectiile
bacteriene, respectiv infectia stafilococica creste incidenta complicatiilor, creste durata spitalizarii
si costurile acesteia si creste morbiditatea si mortalitatea acestor pacienti. Studiul a demonstrat ca
administrarea n exces si nejustificatd de cele mai multe ori a antibioticelor a dus la aparitia
rezistentei antimicrobiene si a bacteriilor multirezistente.. Glicopeptidele raman antibioticele de
prima intentie in cazul acestor infectii dar si alte clase de antibiotice si-au dovedit eficienta in
tratamentul acestor infectii . Si in acest studiu mortalitatea pacientilor cu boli severe la care au fost
detectate infectii stafilococice a fost ridicata, peste 40%, durata spitalizarii prelungita si costurile
de tratament ridicate.

In al 2-lea studiu a urmarit evolutia a 201 de pacienti la care s-a pus in evidenta bacteria
Escherichia coli. Aceasta bacterie are un genom extrem de variat, se intalneste cel mai frecvent in



infectiile digestive si cele de tract urinar si are un impact epidemiologic important asupra sanatatii
populatiei din Intrega lume. Tratamentul acestei infectii necesitd administrarea uneia sau a mai
multor clase de antibiotice ceea ce prelungeste durata spitalizarii si creste costurile de tratament..
In cazul pacientilor din lotul studiat, mortalitatea a fost de 17.5%, sexul masculin fiind mai afectat
compartiv cu sexul feminin si a fost datd de complicatiile comorbiditatilor consemnate la acesti
pacienti la care s-au pus 1n evidenta infectiile produse de Escherichia coli alaturi de alte bacterii si
fungi. Tratamentul antibiotic administrat la pacientii din lotul studiat a cuprins una sau mai multe
clase de antibiotice, cel mai fecvent utilizat antibiotic a fost Metronidazolul din clasa
Nitroimidazolului, urmat de Cefalosporinele de generatia a Illa, Carbapenemi si Glicopeptide in
diferite combinatii, conform antibiogramelor si comorbiditatilor pacientilor pe toatd perioada de
spitalizare.

Al 3 lea studiu reprezintd o cercetare experimentala care incearca sa dovedeasca efectul
antibacterian al nanoparticulelor de argint asupra unor culturi de celule bacteriene de
Staphylococcus aureus, MRSA si Escherichia coli. Combinarea nanoparticulelor de argint cu
antibiotice arata cd efectul bactericid creste semnificativ, fapt dovedit prin marimea zonei de
inhibitie determinatd in cazul celor doud bacterii studiate. Acest fapt confirma aplicabilitatea
acestor nanomateriale Tn industria farmacologicad care este supusa unor reale provocari datorate
aparitiei rezistentei microbiene la multe din bacteriile si fungii care afecteazd organismele umane
si animale.Dupd cum arata si studiile si cercetarile recente din literatura de specialtate sunt inca
necesare studii in vivo pentru a putea dezvolta biocompatibilitatea si a reduce toxicitatea
nanoparticulelor asupra celulelor.

Combinarea nanoparticulelor de argint cu diferite clase de antibiotice pot creste efectul
antibacterian si pot produce zone de inhibitie mai mari comparativ cu solutia apoasd din plante
sau nanoparticulele de argint necombinate in diferite concentratii.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Teza de doctorat "Terapia multimodald mediatd nanotehnologic a pldgilor chirurgicale
infectate cu germeni multirezistenti " este originald prin tema aleasd, o tema de un real interes
datorita aparitiei rezistentei microbiene la un numadr din ce in ce mai mare de bacterii si fungi care
pun in pericol viata pacientilor, cresc costurile de spitalizare si cresc morbiditatea si mortalitatea
in foarte multe cazuri. Prin studiile realizate, aduce contributii care evidentiazd importanta
tratamentului adecvat, conform ghidurilor internationalede tratament a infectiilor provocate de
bacterile multirezistente ca MRSA si E coli, care ridica serioase probleme de sanatate publica in
intreaga lume, atat in tarile dezvoltate dar mai ales 1n tarile mai sarace prin costurile uriase generate
de tratament. Bacteriile multirezistente au aparut ca rezultat al folosirii excesive si necontrolate a
antibioticelor atat in spital cat si In mediul comunitar, atit la oameni cat si la animale. Cercetarile
in vitro demonstreaza capacitatea nanoparticulelor de a deveni agenti antibacterieni superiori
antibioticelor clasice iar combinarea acestora cu molecule de antibiotice le creste semnificativ
efectul antibacterian .



Desi nanotehnologia este la inceput de drum, mai raméan de rezolvat unele probleme de
biocompatibilitate si toxicitate care, prin cercetari ulterioare in vivo vor face din aceste
nanomateriale medicamentele viitorului.
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INTRODUCTION

Nosocomial infections are one of the most important public health problems worldwide,
causing a huge number of morbidities and deaths annually and burdening the health budgets of
each state. The most common nosocomial infections are blood infections, respiratory tract
infections, surgical and wound infections, and urinary tract infections. Wound infections account
for over 25% of all these infections and require, in addition to antibiotic treatment, other surgical
procedures such as incisions and drainages, which further prolong the healing process. Although
the treatment of bacterial infections requires the administration of antibiotics according to well-
established protocols worldwide, the excessive and unjustified administration of antibiotics most
of the time has led to the emergence of antimicrobial resistance and multiresistant bacteria.
Staphylococcus aureus methicillinoresistant MRSA and Escherichia coli are the most eloquent
bacteria in this case, they are found both in hospital and community, in humans and animals, being
considered the most worrying threat to the health of the population worldwide.

CURRENT STATE OF KNOWLEDGE

Metallic nanoparticles, especially silver, due to their unique and special properties can
become an alternative to antibiotic, antitumor, antigungic, antivral or anti-inflammatory treatment.
Silver nanoparticles can be obtained by several methods: physical, chemical and biological, each
with its advantages and disadvantages.

The most important characteristics of nanoparticles are influenced by the method of
production and are given by their shape, size, electric charge and concentration. The size of silver
nanoparticles determines the physical, chemical and biological properties, is influenced by the
method of production and environmental conditions. Most studies in the literature have shown that
small nanoparticles have the most intense activity. These activities can be greatly improved by
combining with other substances that increase their biocompatibility and stability. The shape of
the nanoparticles affects optical properties and depends on the reaction temperature, the type and



concentration of reagents used, and the presence of other chemicals in the reaction process.
Nanoparticles can have spherical, cubic, flat, triangular shapes, properties that influence their
activity, studies showing that spherical ones are most effective as antibacterial and antitumor
agents. Electric charge is another factor influencing nanoparticle activity, studies showing that the
positive charge of silver nanoparticles has demonstrated antibacterial activity and increased
toxicity because the bacterial cell membrane being negatively charged attracts positive ions that
penetrate more easily into the bacterial cell. Although the mechanism of action is not fully
elucidated, it is closely related to the physical, chemical, optical and electrical properties of
nanoparticles and is based on the interactions of silver ions with the bacterial cell membrane
leading to destruction of membrane integrity, producing oxidative stress and reactive oxygen
species, disrupting cellular metabolism and ATP synthesis, and DNA synthesis is altered resulting
in cell death.

Studies in the literature have shown that silver nanoparticles exhibit antibacterial,
antitumor, antiviral, antifungal, antiinsecticide, anthelmintic and antidiabetic activity, being widely
used in the most diverse fields of activity such as medicine and pharmacy, industry and agriculture,
environmental protection, etc...

PERSONAL CONTRIBUTION

This thesis has 3 major objectives:

1. To establish the role of Staphylococcus aureus and Escherichia coli infection on the
evolution of patients admitted to surgical wards with digestive pathology and other comorbidities

2. Identify risk factors in the occurrence of these infections caused by Staphylococcus
aureus and Escherichia coli and how they influence the patient's condition and evolution from
admission to discharge

3. Identify other treatment methods besides antibiotic therapy currently used to treat
patients infected with these superbugs.

The proposed objectives were achieved through 3 studies. The first two studies were
retrospective and analyzed the influence of Staphylococcus aureus and Escherichia coli infection
on a group of patients hospitalized between January 1, 2018 and December 31, 2019 in the surgical
and intensive care units of the Regional Institute of Gastroenterology and Hepatology O. Fodor in
Cluj Napoca and followed the evolution of these patients until discharge, analyzing by appropriate
statistical methods, the correlations between the results of biological samples, the type of infection
associated with the comorbidities of the patients taken in the study, the treatment applied and the
link between infection and the state at discharge of these patients. These studies were the basis for
publishing articles in specialized journals. The third study is an experimental study, which can be
a basis for further investigations aimed at applying different treatments as biofunctionalized metal
nanoparticles with antibiotics, for cases where multidrug-resistant bacteria have been found.

In the first retrospective study, the evolution of 34 patients was followed, in which the
bacterium of the genus Staphylococcus was highlighted.. Following the statistical processing of



the collected data, we obtained the following data:The patients taken in the study, 23 men and 11
women, 18 came from urban areas and 16 from rural areas, were aged between 26 and 85 years
and the number of days of hospitalization was between 2 and 91 days. In these patients, several
types of comorbidities (cardiac, digestive, pulmonary, renal, neurological and diabetes mellitus)
were recorded, which influenced the values of biological samples collected at admission and more
statistically significant data were obtained (p<0.05) in the case of red blood cells, hematocrit,
hemoglobin, C-reactive protein, urea, creatinine and in the case of diabetic patients the blood
glucose. . In patients in the study, serum urea and creatinine levels were elevated from admission
in patients with recorded kidney disease and were normal for patients without renal impairment to
be considered normal values for urea 18-48 mg/dl and for creatinine 0.67-1.17mg/dl.

During hospitalization, several types of samples were collected to highlight bacteria, most
of them were hemocultures, then central venous catheter seeding, urocultures, treheal, wound,
peritoneal and drainage tube secretions, coprocultures and bilicultures. Of the total positive
samples, 14 samples detected the presence of methicycline-resistant Staphylococcus aureus. In the
case of tracheal secretions, out of a number of 12 positive samples, in 6 cases the presence of
MRSA was detected, followed by hemocultures and seeding of the central venous catheter with 3
positive samples for this multiresistant bacterium. The antibiotic treatment was performed with
several classes of antibiotics, the administration took into account the underlying disease,
associated comorbidities, the patient's condition, the results of biological and bacteriological
samples collected during hospitalization, age and drug allergies recorded in the patients in the
study. Most patients received Nitroimidazole, Third Generation Cephalosporins, Carbapenems,
Glycopeptides and Polypeptides, and one patient each received Second Generation
Cephalosporins, Lincosamides, Nitrofurans and Tetracyclines in one or more combinations

Most deaths recorded were in combinations 10 (Third generation cephalosporins with
Carbapenemi and Nitroimidazole), 4 (Carbapenems with glycopeptides) and 5 (Carbapenems with
Polypeptides), proving that the combinations administered were not effective. In the studied group
were registered 13 patients with kidney disease confirmed at admission and 9 of them died and 4
patients were declared improved. In this group we did not have any patients declared cured at
discharge, but only improved and deceased.

These patients received one or more combinations of antibiotics during admission, but
these combinations did not work. 5 of them also received combinations of 7 antibiotics, 3 patients
received 6 combinations each, and only one patient received only one class of antibiotics.

The death in the studied group was 44.11% (15 patients), the male sex being the most
affected. Only 5 patients from the studied group were declared cured at discharge (14.7%) and
improved 14 (41.17%). Over 50% of deaths were caused by a neoplastic disease along with
staphylococcal infection detected during hospitalization. In the case of patients in the study group,
mean urea values were significantly increased in patients with kidney disease and deceased
(118.08+60.22) and normal values were recorded in patients without renal involvement.

The risk factors were represented by the age and comorbidities of patients, prolonged
hospitalization especially in intensive care units, prolonged treatment with antibiotics and invasive



medical maneuvers that can be a source of nosocomial infections. The data obtained showed that
kidney disease and diabetes were important and relevant risk factors. Prolonged hospitalization
(over 30 days) was encountered in many of the cases taken in the study, the average hospitalization
being between 29,913+/-22,055 days and in women 33,091+/-27,671, the maximum number of
days of hospitalization for a patient taken in the study being 91 days. Anaemia was one of the
major risk factors that influenced many of the correlations, being statistically relevant in many
cases. Like Staphylococcus aureus, MRSA can give a multitude of infections with different
localizations.And in this study the mortality of patients with severe diseases in whom
staphylococcal infections were detected was high, over 40%, the duration of prolonged
hospitalization and high treatment costs.

The second retrospective study, approved by the ethics committee of IRGH
5025/12.04.2021 and UMF 116/15.04.2021, registered 201 patients hospitalized between January
1, 2018 and December 31, 2019, in the surgical and intensive care units of IRGH Cluj Napoca
where E coli bacteria was highlighted. . Following the statistical processing of the data collected
from the observation sheets of patients hospitalized during the mentioned period, we obtained the
following data: a total of 201 patients were included in the study, of which 114 men and 87 women
with an average age of 63,3584 years +/-13,8821(DS), 117 coming from urban areas and 84
patients from rural areas, with an average number of hospital days 0f 20,866 days +/-20.7831(SD).
Of the total patients taken in the study, 199 of them had digestive pathology (99.0049%), 163
patients had one or more heart diseases (81.09%), 41 patients had neurological diseases (20.39%),
113 patients had type I or II diabetes mellitus (56.21%), 67 patients had kidney disease (33.33%)
and 43 patients had lung disease (21.39%). Of the 201 patients taken in the study, 67 of them, i.e.
33.3%, had confirmed renal involvement since admission, the mean value of uremia was 65.76
mg/dl +/-52.41(SD).

The mean level of uremia at admission in the study group in patients without renal disease
(FBR) with pathogenic E coli was 37.25mg/dl +/-17.39(SD) for 66.6% patients. The statistical
correlation between the results of biological samples (blood urea and creatinine) recorded at
admission with kidney disease in comorbidity, in the patients taken in the study is statistically
significant, p <0.01. In the patients taken in the study, 40 more types of bacteria were detected in
addition to the bacterium Escherichia coli and other types of fungi.

Due to the presence of bacteria and fungi, antibiotic treatment was initiated with broad-
spectrum antibiotics and then according to the antibiogram, specific to each type of bacteria. The
most common class of antibiotics used was nitroimidazole, which was followed by third-
generation cephalosporins, carbapenems and glycopeptides. .

The need for increasingly complex antibiotic combinations was necessary in patients with
renal comorbidity where it was proved that there was increased resistance of bacteria to the
administered treatment. In patients with digestive disease but without kidney involvement, the
number of combinations of antibiotics used was lower compared to the number of combinations
of antibiotics used in patients with digestive disease and kidney damage. In patients with kidney
disease who received combinations of group 3 antibiotics, Cephalosporins of the third generation,
Carbapenemi and Glycopeptides, the number of days of hospitalization was increased, as was the



number of deaths. The highest values of the number of days of hospitalization were recorded in
the case of antibiotic group 11 where we had combinations of Nitroimidazole with Cephalosporins
of the third generation, Carbapenemi and Glycopeptides and there were the most deaths in both
patients with associated kidney disease and those without associated kidney disease. The antibiotic
treatment administered took into account the recommendations of international treatment
guidelines for bacterial and fungal infections correlated with the patient's comorbidities. The most
used antibiotic in the studied group was Metronidazole, antibiotic of the Nitroimidazole class,
which was administered to 162 patients, in one or more combinations together with third-
generation cephalosporins, Carbapenemi and Glycopeptides. Third generation cephalosporins
were administered to 127 patients in one or more combinations, followed by Carbapenemi in 118
patients and glycopeptides in 89 patients in various combinations. Along with antibiotic treatment,
antimycotic treatment was also administered, 15 patients in this group received triazole
derivatives.A higher number of days of hospitalization and deaths was also recorded in patients
with kidney disease and uremia above normal values, who received antibiotics of group 10,
nitroimidazole with Cephalosporins of the third generation and, Carbapenemi

In the case of deceased patients, the most commonly used antibiotic was the
Carbapenemian class in 31 cases, Nitroimidazole in 29 cases, in 25 cases Cephalosporins of the
third generation and in 24 cases Glycopeptides were administered in one or more combinations.
Only two patients in this group received fluoroquinolones, penicillins and lincosamides and only
one patient received fluoroquinolones in a single combination for urinary tract infection.

Prolonged hospitalization, especially in intensive care units, associated comorbidities and
recurrent infections, the patient's age, repeated and prolonged treatment with antibiotics and
antisecretory drugs, but also invasive medical maneuvers with risk of nosocomial infections are
some of the risk factors incriminated in the occurrence of Escherichia coli infections.

In study no 3, the antibacterial activity of silver nanoparticles was tested against several
bacteria: Staphylococcus aureus ATCC 29213, Methicillin Resistant Staphylococcus aureus code
GR 0333, Enterococcus faecalis ATCC29212, Escherichia coli ATCC 25922, Klebsiella
pneumoniae code GR 8575 (rough colonies), Pseudomonas aeruginosa ATCC 27853. The results
indicated that the silver nanoparticles exhibit antibacterial activity proven by the appearance of the
inhibition zone, different in size, in the studied bacteria.

In the case of Staphylococcus aureus ATCC 29213 by testing the antibiotic class of beta-
lactams, macrolides, lincosamides and silver nanoparticles, we obtained the following results: the
tested antibiotics proved antibacterial effect, as proven by the size of the inhibition zone of over
10 mm in the case of penicillin and over 25 mm in the case of the other classes of antibiotics tested,
and the silver nanoparticles solution more concentrated, of 100 pg/mL had an antibacterial effect
superior to 10 pg/mL. Combinations of antibiotics with silver nanoparticles at a concentration of
100 pg/mL had a bactericidal effect superior to antibiotics or nanoparticle solution taken
separately.The antibacterial effect of silver nanoparticles also depends on their amount applied to
the culture medium plate, the area of inhibition is higher in case of application of 100 pL compared
to application of a much smaller amount of solution (20p L). When testing the same bacteria for
aminoglycosides, the antibiotics tested proved antibacterial effect, the area of inhibition for each



antibiotic was over 20mm, but the combination of these and the solution of silver nanoparticles
with a concentration of 10 ug/mL proved equally effective, although the antibacterial effect of
silver nanoparticles 10 ug/mL was lower, less than 10 mm inhibition zone. Using the same
antibiotics for testing, the inhibition zones for the antibiotic were the same as with the first plate,
but the more concentrated silver naoparticle solution developed a higher inhibition zone of 12 mm
compared to the more diluted solution, which was only 9 mm. In the case of testing at the
fluoroquinolone class of antibiotics, the inhibition zone was in all 3 cases greater than 20 mm and
over 10 mm in the case of silver nanoparticles, proving the inhibitory effect of the antibiotic but
also of silver nanoparticles. Here, too, the size of the inhibition zone was larger for combinations
of silver nanoparticles and antibiotics tested, but in this case we did not achieve a synergistic effect
between silver nanoparticle solutions and antibiotic discs, and the inhibition zone was larger for
the 100 pg/mL silver nanoparticle solution, i.e. 13mm, compared to the 10 pg/mL solution, which
had only 9mm. In the case of testing tetracyclines, sulfonamides, oxazolidinones and silver
nanoparticles of 10 and 100 pg/mL we obtained inhibition zone values above 24 mm for the 3
antibiotics and 13 mm for the 100 pg/mL silver nanoparticles solution. We did not achieve
synergistic effect between the antibiotics used and silver nanoparticle solutions in both
concentrations.

In the case of Methicillin Resistant Staphylococcus aureus (MRSA) the area of inhibition
was much lower in the Penicillin 1 pg (6 mm) test and only 12 mm in the Cefotaxime 30 pg test
compared to S aureus. Combining the tested antibiotics with the 10 pg/mL silver nanoparticle
solution, the inhibitory effect is the same as the antibiotic, proving that the low concentration of
silver nanoparticles shows a low inhibitory effect. In MRSA testing for macrolides, lincosamides
and silver nanoparticles 10 ug/mL, the areas of inhibition obtained were small for erythromycin
and its combination with silver nanoparticles (12 mm) and 31 and 32 mm for clindamycin and its
combination with silver nanoparticles, respectively. In the case of testing aminoglycosides, silver
nanoparticles and their combinations, we obtained increased inhibition zones for all antibiotics in
this class, of about 30mm, but by combining with low-concentration silver nanoparticles the
inhibitory effect was not greater. In testing fluoroquinolones, silver nanoparticles and their
combinations, we obtained increased inhibition zones for all antibiotics of this class tested but
when combined with the solution of silver nanoparticles of low concentration the area of inhibition
was not relevantly increased, proving as in the case of aminoglycosides that it is not effective. In
the case of penicillins, glycopeptides, cephalosporins of the second generation and silver
nanoparticles 100 pg/mL, inhibition zones above 15 mm for glycopeptides, 12 mm for second
generation cephalosporins and 16 mm for more concentrated silver nanoparticles were obtained,
compared to 6 mm for silver nanoparticles solution with a concentration of 10 pg/mL, proving
that increasing the concentration of the solution leads to a directly proportional increase in the zone
of inhibition. Penicillin developed the smallest area of inhibition (6 mm) on this culture plate.

When testing the bacterium Escherichia coli at the fluoroquinolone antibiotic class, we
obtained inhibition zones over 25 mm for all 3 tested antibiotics and an inhibition zone of 14 mm
for silver nanoparticles 100 png / mL, proving the efficiency of the tested antibiotics but also of the
more concentrated solution of silver nanoparticles and synergism is observed between silver
nanoparticles and ciprofloxacin. When tested with aminoglycosides and silver nanoparticles, we



obtained values above 18 mm for antibiotics and 13 mm for silver nanoparticles. We obtained the
same value of 13 mm of the inhibition zone in the case of E coli testing on silver nanoparticles 100
ug/mL with betalactamines, where the values of the inhibition zone were 17 mm for Ampicillin 10
ug and for Amoxicillin 30 pg the inhibition zone was 20 mm.

The management of infections caused by multidrug-resistant bacteria poses a huge
challenge due to the limitation of conventional systemic delivery of antibiotics due to local
ischemia, poor irrigation and the presence of tissue necrosis. In the case of wounds infected with
multiresistant germs, antibiotic penetration into these areas is limited due to poor vascularization
and thickness of the capsular wall, which often makes penetration absolutely impossible, even if
high plasma concentrations of antibiotics are used.

The administration of antibiotics in high doses greatly increases their toxicity, especially
in the liver, kidney and brain, and these toxic effects can aggravate existing comorbidities and lead
to worsening of the patient's condition or even death.

Silver nanoparticles demonstrate better antibacterial activity against E coli compared to S
aureus, and their administration may become an alternative to synthetic antimicrobials in the fight
against multidrug-resistant bacteria. Analyzing the antibacterial activity of silver nanoparticles of
different concentrations and different antibiotics for S aureus and E coli, the area of inhibition was
different, demonstrating that bacteria from different groups (gram positive and gram negative)
react differently to different antibiotics.

GENERAL DISCUSIONS

The concept of this thesis started from the fact that standard therapy in bacterial wound
infections produced by multiresistant germs such as MRSA and Escherichia coli is treated with
antibiotics of different classes according to the antibiogram and associated comorbidities of the
infected patient. At the same time, studying the literature, I noticed that an increasing number of
germs tend to develop resistance to many of the existing antibiotics currently used. The existence
of standardized treatment protocols for multidrug-resistant bacteria is well defined and tends to be
applied correctly in many healthcare facilities around the world. As nosocomial infections generate
huge costs in health systems both in developed countries and especially in poorer countries,
morbidity and mortality in these cases is particularly high. Starting from this, we developed 2
studies in which we followed on a large group of patients the effects of bacterial-staphylococcal
and E coli infections, as well as the antibiotic treatment administered to these patients and in the
3rd study we conducted experimental research, in vitro, in the use of silver nanoparticles that could
be used in the future as a safe and viable treatment method in treating infections caused by
multiresistant germs which annually generates huge costs but also deaths among these patients.

The results of this study may form the basis for future research, and by solving the problems
of stability, compatibility and low toxicity on living organisms, new drugs can be obtained to solve
bacterial multiresistance.



GENERAL CONCLUSIONS

The first study of this thesis followed the evolution of 34 from which the bacterium of the
genus Staphylococcus was highlighted and we analyzed by appropriate statistical methods their
evolution during hospitalization. The purpose of this study was to validate the hypothesis that
bacterial infections and staphylococcal infection increase the incidence of complications, increase
the duration of hospitalization and its costs, and increase morbidity and mortality of these patients.

The study showed that overuse and unjustified administration of antibiotics led to the
emergence of antimicrobial resistance and multidrug-resistant bacteria. Glycopeptides remain the
primary antibiotics for these infections, but other classes of antibiotics have also proven their
effectiveness in the treatment of these infections. And in this study, the mortality of patients with
severe diseases in which staph infections were detected was high, over 40%, the duration of
prolonged hospitalization and high treatment costs.

In the 2nd study, he followed the evolution of 201 patients who had Escherichia coli. This
bacterium has an extremely varied genome, is most commonly found in digestive and urinary tract
infections, and has an important epidemiological impact on population health worldwide.
Treatment of this infection requires taking one or more classes of antibiotics, which prolongs the
duration of hospitalization and increases treatment costs. In the case of patients in the studied
group, mortality was 17.5%, the male sex being more affected compared to the female sex and was
given by the complications of comorbidities recorded in these patients in whom the infections
produced by Escherichia coli along with other bacteria and fungi were highlighted. The antibiotic
treatment administered to patients in the studied group included one or more classes of antibiotics,
the most commonly used antibiotic was Metronidazole from the Nitroimidazole class, followed by
Cephalosporins of the third generation, Carbapenemi and Glycopeptides in different combinations,
according to antibiograms and comorbidities of patients throughout the hospitalization period.

The 3rd study represents an experimental research trying to prove the antibacterial effect
of silver nanoparticles on some bacterial cell cultures of Staphylococcus aureus, MRSA and
Escherichia coli. The combination of silver nanoparticles with antibiotics shows that the
bactericidal effect increases significantly, as evidenced by the size of the inhibition zone
determined in the case of the two bacteria studied.

This confirms the applicability of these nanomaterials in the pharmacology industry, which
is facing real challenges due to the emergence of microbial resistance to many of the bacteria and
fungi affecting human and animal organisms. As recent studies and research in the literature show,
in vivo studies are still needed to develop biocompatibility and reduce nanoparticle toxicity to
cells.

Combining silver nanoparticles with different classes of antibiotics may increase the
antibacterial effect and produce larger areas of inhibition compared to aqueous herbal solution or
uncombined silver nanoparticles in different concentrations.



ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE THESIS

The doctoral thesis "Multimodal nanotechnologically mediated therapy of surgical wounds
infected with multiresistant germs" is original through the chosen theme, a topic of real interest
due to the emergence of microbial resistance to an increasing number of bacteria and fungi that
endanger patients' lives, increase hospitalization costs and increase morbidity and mortality in
many cases. Through his studies, he makes contributions that highlight the importance of
appropriate treatment, according to international guidelines for the treatment of infections caused
by multidrug-resistant bacteria such as MRSA and E coli, which raise serious public health
problems worldwide, both in developed countries and especially in poorer countries through the
huge costs generated by treatment.

Multidrug-resistant bacteria have emerged as a result of excessive and uncontrolled
antibiotic use both in hospitals and in community settings, both in humans and animals.In vitro
research demonstrates the ability of nanoparticles to become antibacterial agents superior to
classical antibiotics, and combining them with antibiotic molecules significantly increases their
antibacterial effect.

Although nanotechnology is in its infancy, some biocompatibility and toxicity issues
remain to be solved, which, through further in vivo research, will make these nanomaterials the
medicines of the future.



